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The Theater Forecast Reference Notebook is a vital component of a sound forecast process and meteorological watch (METWATCH) program. It provides a systematic means of synthesizing topography, climatology, and weather forecasting tools and techniques, to produce a logical weather forecast for any specified area in the theater.  The program highlights regional topography and its effects on local climate, describes synoptic and mesoscale weather regimes which affect specific locations, and specifies techniques and tools used to forecast individual weather elements at virtually any location in the theater.  This pamphlet applies to all 607th Weather Squadron personnel who provide meteorological support to the agencies their unit services.  It is not intended to replace the requirement for a local Terminal Forecast Reference Notebook (TFRN) at individual locations, but rather to supplement the local TFRN and serve as a reference for forecasting at locations away from garrison.  It is general in nature and offers latitude for units to modify procedures and tailor them to their specific missions and requirements.  Some of the information in this pamphlet can and should be extracted and added to the Terminal Forecast Reference Notebooks at individual locations.  Consult AFMAN 15-125 for specific details regarding the structure of your TFRN. 

SUMMARY OF REVISIONS
This document supersedes and completely revises 607 WSP 15-23, 31 Jul 97; information on AFW policies and procedures have been updated.
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Chapter 1

WEATHER SUPPORT UNITS IN KOREA

1.1.  General.  Elements of the United States Air Force provide weather support for the US Army and US Air Force during armistice conditions in Korea.  Elements of the US Navy, US Marines, and Republic of Korea Air Force (ROKAF) provide augmentation during exercises and contingencies.  The 607th Weather Squadron (607WS) has overall responsibility for planning, providing, and/or arranging weather support.  The 607WS commander is the Combined Meteorological and Oceanographic (METOC) Officer or CMO for the Korean theater.  The 607 WS headquarters is located in building 1506 on Yongsan Main Post in Seoul, Republic of Korea (ROK).

1.2  Mission.  The 607WS is functionally organized to provide weather support to Headquarters, United Nations Command/Combined Forces Command/US Forces Korea (UNC/CFC/USFK) and subordinate Air, Ground, Naval, Marine, and Special Operations Component Commands.

1.3  Weather Support Force Structure.  In-theater units provide weather support at 15 locations in the ROK.  Nine locations support the US Army, four locations support the US Air Force and three units support combined/joint operations during exercises and contingencies.  These units would be augmented by weather forces attached to and supporting inbound combat units in contingencies/war.

1.3.1  The 607WS at Yongsan AIN in Seoul is divided into three main functional areas: the USFK Theater Forecast Unit (TFU), staff support, and the weather team for the 17th Aviation Brigade.  The TFU provides weather forecast products for Korea and the adjacent waters.  The TFU personnel form the nucleus of the Combined Meteorological Forecast Unit (CMFU) during exercises/contingencies.  The terms TFU and CMFU are interchangeable concerning products issued and support provided.  Forecasters assigned to the TFU also prepare and present television and radio weather forecasts on the American Forces Korean Network (AFKN).  The TFU is the regional briefing station for the Korean Theater of Operations.  The 607WS staff areas of expertise include operations, forecasting, observing, plans, communications, mobility/ readiness, security, scientific services, administration, training, and logistics.  The 607WS staff provides direct support to the UNC/CFC/USFK and Eighth United States Army (EUSA).  They maintain liaison with US Navy weather support activities and also coordinate weather support with the 73rd Weather Group (73WG) of the ROK Air Force and the ROK Navy.  The combat weather team provides briefing, observing, and staff weather support to the 17th Aviation Brigade, including limited observing support at H-208 helipad. 

1.3.2  OL-A, 607 WS, at K-16/Seoul AB (RKSM), provides weather briefing, observing, and staff support to the 17th Aviation Brigade and 1st Battalion, 52nd Aviation Regiment.

1.3.3  Detachment 1, 607 WS, at Camp Red Cloud, provides staff weather support to the 2nd Infantry Division (2ID).

1.3.4  OL-A, Detachment 1, 607 WS, at Camp Stanley (RKSX), provides limited duty briefing and observing support to the 2nd Battalion, 2nd Aviation Regiment of the 2ID Aviation Brigade.  

1.3.5  OL-B, Detachment 1, 607 WS, at Camp Page (RKNC), provides limited duty briefing and observing support to the 1st Attack Helicopter Battalion, 2ID Aviation Brigade.

1.3.6  OL-C, Detachment 1, 607 WS, at Camp Stanton (KQFM), provides limited duty briefing and observing support to 2ID’s 4th Squadron/7th Cavalry Regiment.

1.3.7  Detachment 2, 607 WS, at Camp Humphreys (RKSG), provides 24-hour observing, and limited duty briefing and staff support to the 6th Combat Brigade (Air Cavalry) and 3rd Squadron, 6th Combat Brigade Air Cavalry (6CBAC) and the 3rd and 751st Military Intelligence Battalions, and 2nd Battalion, 52nd Aviation Regiment.  

1.3.8  OL-B, Detachment 2, 607 WS, at Camp Eagle (RKNW), provides limited duty observing and briefing support to the 1st Squadron, 6CBAC.

1.3.9  8 OSS/OSW, Kunsan Base Weather (RKJK), provides 24-hour observing and limited duty briefing and staff  support to the 8th Fighter Wing.

1.3.10  51 OSS/OSW, Osan Base Weather (RKSO), provides 24-hour observing and limited duty briefing and staff support to the 51st Fighter Wing.

1.3.11  Koon-Ni Range Weather (RKSN) provides observing support to the Air-to-Ground Gunnery Range (AGGR).

1.3.12  607 COS/DOW, located in the Hardened Tactical Air Control Center (HTACC) at Osan AB, provides support to HQ 7th Air Force.  During exercise/contingency operations, HTACC weather personnel provide support to the Air Component Command (ACC).  The 607 COS/DOW is responsible for briefing support, staff liaison, and planning for ACC.  

1.3.13  Command Post (CP) TANGO is the primary warfighting headquarters for the Korean theater.  The CMFU deploys to CP TANGO during contingency operations.  Some exercises are also supported from CP TANGO.

1.3.14  CP OSCAR is the warfighting headquarters for Eighth US Army (EUSA) and Armed Services Component Command (ASCC).  The 607WS deploys a weather team during contingency operations and some exercises.

1.4  Telephone Directory.

1.4.1  607th Weather Squadron:



COMMANDER  (607WS/CC)



725-3517  STU III



DIRECTOR OF OPERATIONS (607WS/DO)

725-6509  STU III



COMMAND CHIEF (607WS/CCC)



725-7822



CHIEF, OPERATIONAL READINESS (607WS/OX)         725-7025



CHIEF, OPERATIONAL TECHNOLOGY (607WS/OT)    725-5344



CHIEF, OPERATIONAL PRODUCTION (607WS/OP)      725-5453

                        TFU TEAM CHIEF (607WS/OP) 



725-6155



OIC, OL-A, 17th AVN BDE




738-4001

1.4.2  Exercise/Contingency Telephone Numbers:



CC SEOUL






724-2144  STU III



CP TANGO (CMFU)





742-3171/2/3



CP TANGO (TOC)





742-4214



CP OSCAR






764-3164




CRTOC/SROKA





764-3573

                        HTACC






784-6350 

1.4.3  Weather Station telephone numbers (Forecaster unless noted):



Yongsan/ USFK CMFU




725-6155**



K-16/Seoul AB (OLA, 607WS)



741-6346



Camp Eagle (OLB, Det 2, 607WS)



721-2200

                      
Camp Page  (OLB, Det 1, 607WS)



721-5874

                      
Camp Red Cloud (Det 1, 607WS)



732-6193



                      
Camp Stanley (OLA, Det 1, 607WS)



732-5417



Camp Stanton (OL-C, Det 1, 607WS) (Observing) 

734-5988



Camp Humphreys (Det 2, 607WS)



753-7740**



Kunsan AB (8 OSS/OSW)




782-4262**



Osan AB (51 OSS/OSW)




784-4377**



Koon-Ni Range (Contractor) (Observing)


784-6113



** 24-Hour Station

1.5  Weather Station message addresses:



RUAGAAA/607WS SEOUL KOR//CC//


607WS/CC



RUAGBBA/DET 1 607WS UIJONGBU KOR//CC//
Det 1, 607WS/CC



RUAGCPH/DET 2 607WS PYONGTAEK KOR//DC//
Det 2, 607WS/CC



RUAKDBA/607 COS OSAN AB KOR//DOW//

HTACC WX Cell



RUAKDPB/51OSS OSAN AB KOR//DO/IN/DOW//
51 OSS/OSW Flt CC



RUAKMLA/8OSS KUNSAN AB KOR//OSW//

8 OSS/OSW Flt CC



CINC UNC CFC CP TANGO//WEATHER//

TANGO WX



COMUSKOREA CP OSCAR TAEGU KOR//WX//

OSCAR WX

Chapter 2

GEOGRAPHY AND TOPOGRAPHY

2.1  General Geography.  The Korean peninsula extends from about 43 degrees north latitude to about 33 degrees north latitude, a distance of approximately 600 miles.  It shares its northern border with mainland China and Russia and water surrounds Korea on all other sides.  The East Sea borders Korea on the east, and the West Sea on the west.  The Korea Strait separates Korea from Japan to the south.  

The peninsula is widest in north Korea, along its border with China, and narrowest at the center, near the demilitarized zone (DMZ) between north and South Korea.  The bodies of water surrounding Korea play a major role in it’s climate.  The depth of the West Sea averages only 150 feet, while the East Sea averages over 5,000 feet.  Due to it’s depth, the East Sea’s water temperature varies little from season-to-season and it moderates the east coast’s climate more than the West Sea moderates the west coast’s.  

2.2  General Topography.  Korea is divided into four topographic regions (see Figure 1).  The northeast part of Korea, or Northeast Highlands, consists mainly of hills and mountains with a narrow coastal plain.  Some of these mountains exceed 7,000 feet in elevation.  The Northwest Hills and Plains consist of hills and small mountains (mostly below 5,000 feet) in the north near China which extend southeastward, and lowlands in the western portion.  The East Coast Region extends southward from around 39 degrees North latitude and consists of lowlands along the coast and a narrow band of small mountains (mostly below 4,000 feet) to the west.  The Southwest Hills and Plains region has rugged terrain with most peaks below 5,000 feet.

Hills and mountains cover about 75% of Korea; scattered lowlands cover the remaining 25%.  South Korea contains much more lowland area than north Korea.  Most of these lowlands are located in the western coastal region along the lower courses of the rivers. The mountainous character of the Korean peninsula lends special importance to the few lowlands and plains--these have become the primary areas of human habitation and economic activity--and to the local weather variations that are terrain-induced.  

South Korean topography is dominated by the Taeback mountains which run along and parallel to the east coast and form the backbone of South Korea. Three other mountain ranges branch off the Taeback mountains and extend throughout the southern portion of the peninsula.  The Hamgyong mountain range in northeastern north Korea helps form north Korea’s border with China, and boasts the highest peaks on the peninsula.  Three other mountain ranges branch off the Hamgyongs.  




Figure 1.  Topographic Regions.
2.2.1  Major Rivers in north Korea (see Figure 2).  There are six major rivers in north Korea.  River flow on all rivers is highly seasonal, with the heaviest flow occurring during the rainy summer months.  Floods are common in the basins associated with the major river systems, particularly in the low-lying areas along the west coast. During much of the year, however, the rivers are shallow and expose very wide, gravelly riverbeds.   

2.2.1.1  Yalu (or Amnok) River.  The Yalu River originates at Paektu mountain on the north Korea-China border.  It is the longest river in north Korea and flows westward, emptying into the West Sea.  The Yalu is one of two rivers which form the geographical boundary between north Korea and China.

2.2.1.2  Tumen (or Tuman) River.  Like the Yalu, the Tumen river also has its origin at Paektu mountain.  It flows eastward, forming the geographical boundaries between north Korea and China and between north Korea and Russia before emptying into the East Sea. 

2.2.1.3  Changin (or Changjin) River.  The source of the Changin river is the city of Changin, in the north central mountains of north Korea.  The Changin river flows northward and empties into the Yalu river.

2.2.1.4  Taedong River.  The Taedong river originates in the central north Korean city of Tokchon and flows southwestward through Pyongyang before emptying into the West Sea.  It is a major irrigation source during the growing season.

2.2.1.5  Nam River.  The Nam river originates in the mountains west of Wonsan and flows southwestward, merging with the Taedong river near Pyongyang.  
2.2.1.6  Imjin River.  Originating in the mountains southwest of the port city of Wonsan, the Imjin river flows southwestward and empties into the West Sea near the mouth of South Korea’s Han river.
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Figure 2.  Major Rivers in north Korea.

2.2.2  Major Rivers in South Korea (see Figure 3). There are five major rivers in South Korea.   Like north Korea, river flow on all rivers is highly seasonal, with the heaviest flow occurring during the rainy monsoonal summer months.  Floods are common in the basins associated with the major river systems, particularly in the low-lying areas along the west coast. During much of the year, however, the rivers are shallow and expose very wide, gravelly riverbeds.   

2.2.2.1  Pukhan River.  The Pukhan river originates in the mountains of north-central South Korea and flows southwestward through Chunchon and empties into the Han River.

2.2.2.2  Han River.  The main river in South Korea, the source of the Han is in the Taebaek mountains in eastern south Korea.  This river flows westward and empties into the West Sea.

2.2.2.3  Naktong River.  Originating in the Taebaek mountains in east-central South Korea, this river flows southward and empties into the Korean Strait near the port city of Pusan.

2.2.2.4  Kum River.  The Kum River flows from its source in the central mountains east of Chonju, northward around Taejon, then southwestward to Kunsan, where it empties into the West Sea.

2.2.2.5  Somjin River.  This river originates in the central mountains southeast of Chonju and flows southward, emptying into the Korean Strait near the port city of Yosu.
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Figure 3.  Major Rivers in South Korea.

2.2.3  Major north Korean Mountain Ranges (see Figure 4).

2.2.3.1  Hamgyong Mountains.  The Hamgyong mountains are located in the northeastern north Korean province of Hamgyong and account for almost one-third of north Korea’s land surface.  Mountains in the Hamgyong range are the highest on the peninsula, with most peaks averaging 6,000-9,000 feet.  This range makes up much of north Korea’s border with China and is home to many inland lakes.  Three smaller northeast-southwest-oriented mountain ranges, the Kangnam, Gyuryong, and Nangnim, extend from this range.

2.2.3.2  Kangnam Mountains.  The Kangnam range is a western extension of the Hamgyong range and helps form north Korea’s border with China.  Peaks in this range average between 4,000-6,000 feet.

2.2.3.3  Gyuryong Mountains.  The Gyuryong mountains are a southwestern offshoot of the Hamgyong range.  They range from around 3,500 feet to over 6,000 feet in elevation.

2.2.3.4  Nangnim Mountains.  The Nangnim range is the southernmost extension of the Hamgyong mountains.  Average peaks in this mountain chain are generally between 3,500 and 5,500 feet.  They extend northeastward from the northern end of the Taebaek mountain chain.

2.2.4  Major South Korean Mountain Ranges (see Figure 4).

2.2.4.1  Taebaek Mountains.  This range of high mountains roughly parallels the east coast.  It’s crests, approximately 10 miles inland, constitute what is often called the “mountainous backbone of South Korea.”  The range extends southward from the DMZ to near Pohang, a distance of some 160 miles.  They generally range from 3,000-5,000 feet in elevation.  Three east-west branches, the Charyong, the Kwangju, and Sobaek ranges, extend from this eastern range.

2.2.4.2  Charyong Mountains.  The Charyong range forms the boundary between Kyonggi and North Chungchong provinces and continues southwestward through South Chungchong to the west coast, just northeast of Kunsan. Elevations range from 1,000-3,000 feet, with the highest elevations on the eastern end of the chain.

2.2.4.3  Kwangju Mountains.  The Kwangju range, an offshoot of the Taebaek range, extends southwestward to include the mountains around Seoul.  Average heights range from around 2,000 feet near Seoul, to 4,000 feet at the eastern end of the chain.

2.2.4.4  Sobaek Mountains.  The southernmost portion of the peninsula is dominated by this offshoot of the southern Taebaek Mountains.  Elevations generally range from 1,500-4,500 feet.

2.2.4.5  Noryong Mountains.  The Noryong range, an offshoot of the Sobaek, extends southwestward along the border between North and South Cholla.  They range from approximately 1,500 feet to over 5,500 feet.
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Figure 4.  Mountain Ranges of Korea.

2.3  Ocean Currents.  There are four major ocean currents off the shores of the Korean Peninsula, as shown in Figures 5 and 6 .  The Liman Current is cold because it originates off the northeast coast of Asia near Sakhalin Island (Russia). The Tsushima Current flows from different sources according to the season of the year and is named after the Tsushima Islands, which are located in the Korean Strait.  The Yellow Sea Current flows with variable speeds and directions.  The Kuroshio Current flows northward into the Korean Strait, bringing tropical water from the East China Sea.  In winter (Figure 4), the Yellow Sea and Liman Currents are at their strongest and are driven south along the west and east coasts, respectively, by the northerly winds.  The Yellow Sea Current moves as far south as Mokpo (34( 47'N, 126( 23'E) at an average speed of almost 1 knot.  On the east coast, the Liman Current, although not quite as fast moving during winter, penetrates south of the 38th Parallel as far as Chumunjin (37( 54'N 128( 51'E) and occasionally Pohang (36( 02'N 129( 22'E).  Here, amidst considerable turbulence, it descends beneath the northward flowing warmer Tsushima Current.  At this time of the year, the Tsushima Current originates from the Kuroshio Current bringing tropical waters northward.  The current is powerful through the Korean Strait, moving at about 1 knot, but slackens and shallows as it proceeds northward along the east coast.  Thus, in winter, the south and southeast coasts are paralleled by warm currents, while the waters off the west coast are colder because of the direction of flow of the Yellow Sea Current and the shallowness of the West Sea.  The effect on temperatures is not as great as it would be if the prevailing winds were onshore, but the warmer ocean surfaces still help make temperatures in Pusan and Pohang an average of 10-12(F warmer than Seoul.  The warming effect of the ocean currents along the southeast coast, along with shelter from the cold blasts of the north provided by the Sobaek Mountains, and the foehn effect which warms the northerly winds as they descend into the coastal areas, combine to allow warmer temperatures along the south and east coasts, giving Pohang slightly higher winter temperatures than Kunsan, and Kangnung considerably milder winters than Seoul.  With the weakening of the northerly winds, the Yellow Sea Current becomes variable in speed and direction by the end of March (Figure 5).  This effect is not felt in the Liman Current until May because it is further north.  As the northerly currents weaken, the Kuroshio becomes stronger, reaching maximum speeds of 1-2 knots and a mean temperature of 68(F (20(C) in June.  At the same time, the Yellow Sea Current is reversing its direction along the southwest coast and beginning to move northward along the western shores.  Eventually the Tsushima Current becomes more extensive and influences part of the domain of the Liman  Current.  By July, the Tsushima has become the strongest current, with the source of most of its water in the cool East Sea rather than the warm Kuroshio.  Movement of the surface water away from the coast also causes an upwelling effect of bottom water, so that temperatures in the ocean off the east coast are lower than those off the west coast in summer.  Along the southern coast, warm water is pushed northward in the Kuroshio. Temperatures in the summer are about 76(F (24.5(C) compared with 50°F (10.0(C) in winter.  The warm currents off this coast in the summer reinforce the heat and humidity of the southwest monsoon.  Finally by July, the Yellow Sea Current develops into a closed cyclonic circulation which causes an upwelling effect in the central area and provides conditions favorable for sea fog formation which, on occasion, advects into the western coastal areas.




Figure 5.  Winter Ocean Currents.




Figure 6. Summer Ocean Currents.

2.4  Tidal Data and Tidal Currents.  The tides around the coasts of the Korean Peninsula are shown in Figure 7.  Tides on the east coast are so small as to be negligible.  The south coast is characterized by mixed* and semi-diurnal (two high and two low each tidal day) tides, the semi-diurnal tides occurring in the area between 127SYMBOL 176 \f "Symbol" 30'E and 129SYMBOL 176 \f "Symbol" 00'E.  Along the west coast, tides are mixed except for the areas between 36SYMBOL 176 \f "Symbol" N and 38SYMBOL 176 \f "Symbol" N and between 39SYMBOL 176 \f "Symbol" N and 40SYMBOL 176 \f "Symbol" N, where they are semi-diurnal.  Tidal progression along the east coast is in a southward direction with high water occurring nearly simultaneously from the Russian border to 37SYMBOL 176 \f "Symbol" N.  South of this latitude the progression slows considerably, reaching Pusan in about 4 hours.  The progression is westward along the south coast, and northward along the west coast.  The tidal range along the east coast is small, with mean ranges varying only a few inches and tropic monthly ranges varying only a foot or less; daily variations in water level from weather causes are often greater than those from astronomical influences.  The mean range is 3-8 ft (0.9-2.3m) along the south coast with spring ranges reaching 11.5 ft (3.5 m).  Along the west coast and among the offshore islands, the mean range varies 2-21 ft (0.6-6.4 m) with a maximum spring range of 32 ft (9.7m) near Inchon.  Currents are generally very weak along the east coast; close to the shore, they flood (rise) to the southwest and ebb (lower) to the northeast.  Along the south coast, the tidal currents are semi-diurnal and mixed-type tides.  The flood tide generally sets to the west changing to northwest, and north around the southwest tip of the Peninsula.  The ebb sets in the reverse direction.  Speeds range from 1.5 kts in offshore areas to over 10 kts close inshore between the various islands.  Along the west coast, tidal currents are predominantly semi-diurnal, flooding to the north and ebbing to the south in offshore areas, and turning east to flood ashore in the bays and estuaries.  Maximum flood generally occurs about three hours before high water, and maximum ebb 3 hours after high water.  Slack water occurs at about the time of local high and low water.  Table 3 is to be used with Inchon and Pusan tide tables to make time corrections for tides at locations other than Inchon and Pusan.

*   Mixed tide -- Tide showing mixed characteristics of diurnal (one high and one low tide and semi-diurnal tides.




2.4.1  Tidal Differences for Korean Coastal Ports.




Table 3.  Tidal Differences for Korean Coastal Ports.

Time Differences.  To determine the time of high water or low water at the locations listed above, look under the "Time" column; the hours and minutes to be added to or subtracted from the reference station are listed here.  A plus "+" sign indicates that the tide at that location is later then the reference station and the difference should be added; a minus "-" indicates that the time is earlier and should be subtracted.

Tide Height Differences.  To compute the tide height, multiply the reference station (Inchon or Pusan) height by the ratio listed, then add the correction (if any) in centimeters.  Some locations use a ratio with no correction, a ratio with a correction, or only a correction alone.  Ratios are indicated by a "*".  Ratio only = "*0.91"; Ratio + correction = "(*0.63 + 21)"; Correction alone = "(+9)".

2.5  Korean Weather Regions.  Due to large topographical differences, Korea experiences relatively large variations of weather from any given weather system.  Thus, for the purposes of regional weather forecasting, North Korea is divided into five weather regions (figure 8) and South Korea into four (figures 9 and 10). These regions are referred to in area weather watches, advisories, flight hazard bulletins, and weather forecast bulletins issued by the Theater Forecast Unit.
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Figure 8.  North Korean Weather Regions with Synoptic Reporting Stations.

(WMO Region 47).


Figure 9.  South Korean Weather Regions with Reporting Stations.

NOTE:  These areas are synonymous with the USFK areas.

Chapter 3

 CLIMATE AND CLIMATOLOGY

3.1  Introduction.  The Korean peninsula lies within the Asiatic monsoon circulation and experiences relatively short, hot, humid, summers and long, cold, dry winters.  Spring and Fall seasons are generally mild and represent the transitional periods between the summer and winter monsoon regimes.  Other important climatic controls that supplement the monsoon regime are the migratory systems that pass over or near the country, the varied terrain, and the adjacent seas and near-shore ocean currents.  Humidity is relatively high throughout the year as a result of the surrounding water mass; regional variations are generally small.  Precipitation amounts throughout the peninsula vary greatly by season; regional variations occur as a result of the mountainous terrain.  Heaviest rainfall is generally associated with the summer monsoon, reaching its peak from late June through August.

3.2  Winter (November through March).  By mid-November, the winter weather pattern is dominated by a high pressure area caused by the intense cold airmass over Siberia.  The clockwise circulation of air around this dominant high pressure area leads to northerly or northwesterly winds referred to as the northeast monsoon (monsoon literally means “seasonal change in wind direction”).  Cold, dry, northerly flow produces stratocumulus or cumulus clouds and light precipitation over the adjacent seas and exposed coastal regions.  The polar front is generally far to the south of the peninsula.

Although high pressure is the dominant winter feature, polar or arctic outbreaks occasionally transit the peninsula in early winter bringing snow showers to the western regions. 

In January, the Siberian high is at its most intense.  During the night, drainage winds bring cold, dense air down the mountain slopes and create pools of cold air, resulting in temperature inversions in the valleys.  Early morning fog, coupled with vehicle traffic exhaust, often produces smog that reduces visibilities to less than 4 miles in urban areas.  These inversions typically don’t break until late morning.  

The jet stream intensifies throughout the winter, usually packing winds in excess of 150 knots and its axis generally lies west east (a high zonal configuration) across the southern portion of the peninsula.  By February, the jet stream is at its most intense, with top speeds in excess of 200 knots, and its main axis is usually found over southern Japan.  The jet stream weakens slightly in March and begins to shift slightly northward with the change in season.

3.2.1  Winds.  Strong northwesterly flow dominates except where the local terrain modifies this flow.  In sheltered areas where the wind is blocked by mountains or hills, the winds are usually light and variable.  Gale-force winds (>27 knots) are not common, but occur most frequently in the northeast (as many as 10 days in January).  The Northeast Highlands experience the strongest winds on the peninsula during the winter months.  Winds, generally northwesterly in direction, can reach speeds of up to 80 knots in the extreme northeast near the coast of the East Sea.  These winds, caused by strong Siberian outbreaks, are enhanced by channeling effects in the area.  In the south, gale-force winds occur one day per month on average during the winter months.  Winds aloft are generally westerly to northwesterly up to 30,000 feet.

3.2.2  Clouds.  Winter skies are predominantly clear (< 2/8 of the sky covered with clouds).  January is the clearest month, with an average of 15-25 clear days.  Most of the cloudiness occurs in the Southwest Hills and Plains.  

3.2.3  Visibility.  Daytime visibility is good throughout the winter, but haze caused by pollution reduces the visibility to less than 6 miles up to 60% of the time in the immediate area of cities until late morning or early afternoon.  Fog lowers visibility to less than 1 mile about 15% of winter days, with the greatest chance from 0900 to 1100L.  Blowing snow occurs with wind speeds above 18 knots, especially with fresh snowfall; visibilities range from 1/16 to 1 mile in such events.  Above 6,500 feet AGL, visibility is almost always unrestricted.

3.2.4  Precipitation.  Heavy precipitation occurs only with intense lows that travel along the coasts.  Most of the coastal precipitation in November falls as rain, compared to 50% in March.  Most inland precipitation falls as snow throughout the winter.  The average date of the first snowfall varies from early November in northern locations to early December in the south.  The last snowfall occurs before the end of March, except in the Northeast Highlands, where snowfall extends into April.  Expect precipitation an average of 10-15 days per month in the Southwest Hills and Plains during December and January and under 10 days per month elsewhere.  An average of 1.5 inches of  precipitation (water equivalent) occur in the Northeast Highlands and the Northwest Hills and Plains in November, tapering off to less than an inch per month from December through February.  Elsewhere, mean monthly precipitation averages between 1.5 and 2 inches.  In March, precipitation increases in the southern portion of the peninsula, with some locations averaging up to 3 inches in the East Coast and Southwest Hills and Plains regions.

3.2.5  Snow Cover.  Snow cover is relatively common from the beginning of December through March inland and at higher elevations along the coast.  Maximum snow depths range between 6 inches in lower hills to 25 inches in higher elevations.  Snow covers the ground an average of 4 to 6 days per month, except in December when show covers the ground for half of the month.

3.2.6  Significant Weather.  Thunderstorms are rare.  Due to the extreme cold and lack of moisture, aircraft icing is not a winter problem.  With the almost constant strong northerly winds aloft, mountain wave turbulence can be severe up to 150 miles downwind of mountain peeks.  Seas offshore under such conditions become rough; ship traffic in and out of harbors becomes difficult as winds in coastal regions can gust in excess of 50 knots.

3.2.7  Temperature.  January is the coldest month; temperatures can vary greatly over the Korean peninsula based on terrain and proximity to coastal regions.  Average high temperatures in the north range from 13F (-11C) to 34F (2C) and average lows are generally -19F (-28C) to 13F (-11C).  In the East Coast region, normal highs range from 34F (2C) to 42F (6C), while normal lows are generally between 17F (-8C) and 30F (-1C).  This relatively mild winter is due to the moderating effects of the Sea of Japan.  Temperatures in the Southwest Hills and Plains region are even more mild, due to the moderating effects of the warm ocean current in the West Sea.  Wind chills inland of the immediate coastal regions can drop to well below -50F (-46C) during strong northwest or northerly winds. 

3.2.8  Relative Humidity.  Morning relative humidities average 50-85% in the Northeast Highlands and Northwest Hills and Plains, 50-75% in the East Coast region, and 60-85% in the Southwest Hills and Plains.  In the afternoon, they average 45-65% in the Northeast Highlands and the East Coast, 50-75% in the Northwest Hills and Plains, and 55-70% in the Southwest Hills and Plains.

3.3  Spring (April and May).  By April, the Siberian high weakens, and the polar front begins to move northward (called the “Changma” or monsoon front) toward the Korean peninsula with an increasing intrusion of warm, moist air from the south.  By the latter part of the month, the northerly winds from the Siberian high no longer dominate the peninsula.  The polar jet stream shifts northward over north Korea and Honshu and the subtropical jet extends from Shanghai to Tokyo.  Occasionally, storms over the Gobi desert raise dust to great heights in the atmosphere.  Westerly winds aloft transport this dust over Korea (known as “yellow wind”), reducing visibility as high as 15,000 feet.  Yellow wind occurs an average of three times a year.

Since the pressure differences between the continent of Asia and the adjoining oceans are at a minimum in May and no large-scale wind systems dominate the Korean peninsula, local effects on weather become more conspicuous; radiation fog, advection fog, and local winds are much more apparent at this time.  An easterly wind of the foehn (or Chinook) type descends the leeward slopes of the mountains whenever a strong, easterly, onshore surface wind is blowing.  

3.3.1  Winds.  The strong northwesterly flow of winter diminishes as the Siberian high weakens and surface winds become light and variable.  Terrain still plays an important role in determining wind direction and intensity.  Foehn (or Chinook) type winds occur on the west side of the mountains in the East Coast region with strong, easterly, onshore winds along the east coast caused by migratory lows passing over the peninsula.  Although gale-force winds (>27 knots) occur only 1-2 days per month on average throughout most of the peninsula, the Northeast Highlands can expect gale-force winds an average of 2-4 days per month, some locations with speeds of up to 80 knots.  Upper-air winds over Korea remain westerly in the spring.  The polar jet migrates northward with a mean position over the Northeast Highlands region of Korea and a mean maximum speed of 110 knots at 35,000 feet.  The subtropical jet remains south of Korea with an average maximum speed of 120 knots at 40,000 feet.

3.3.2  Clouds.  Cloudiness increases as the Siberian high weakens and the dry, northwesterly flow subsides.  The polar front occasionally migrates northward over Korea bringing warm, moist air and clouds.  Clear skies (< 2/8 sky cover) occur at night about half the time, but skies are only clear about 1/3 of the time during the day.  Cloudy skies (> 6/8 sky cover) can be expected 10-14 nights per month and 15-20 days per month.  

3.3.3  Visibility.  Daytime visibility is generally good throughout the spring, but haze caused by pollution reduces visibility to less than 6 miles up to 60% of the time in the immediate areas of cities until late morning or early afternoon.  Fog lowers visibility to less than a mile 5-10% of the time, with the greatest chance between 0900 and 1100L.  Above 6,500 feet AGL, visibility is almost always unrestricted.

3.3.4  Precipitation.  Precipitation increases during the spring months, the heaviest of which is associated with low pressure systems traveling along the coasts.  Precipitation generally falls as rain, except in the Northeast Highlands where snowfall is still common into April.  The number of days with precipitation averages 15 days in May for the north, and 10 days or less in the south.  Precipitation amounts range from 3-6 inches in the Southwest Hills and Plains and 2.5-3.5 inches elsewhere.

3.3.5  Snow Cover.  Some higher locations in Korea may be snow-covered through April.  Maximum snow depths range up to 8 inches in the Northeast Highlands and the northern Northwest Hills and Plains, where snow covers the ground around 3 days of the month.

3.3.6  Significant Weather.  Thunderstorms are rare over most of Korea, but can be expected up to 4 days per month in the Northeast Highlands and the northern Northwest Hills and Plains.  Mountain wave turbulence can be severe up to 150 miles downwind of mountain peaks, but the threat of this hazard decreases in late April as the strong northwesterly winds subside. 

3.3.7 Temperature.  On average, locations in the Northeast Highlands and northern Northwest Hills and Plains still experience freezing temperatures 10-20 days in April, while all other locations average less than 3 days.  By May, increasing southerly flow results in average high temperatures ranging from 60 degrees Fahrenheit (16 C) in the north, to about 80 degrees Fahrenheit (27 C) in the south.  Although a handful of days can have low temperatures below freezing in the highest elevations in the north, average daily lows range from 35 degrees Fahrenheit (2 C) in the north to 57 degrees Fahrenheit (14 C) in the south.

3.3.8  Relative Humidity.  Morning relative humidities average 60-70% in the Northeast Highlands, 65-75% in the Northwest Hills and Plains and the East Coast, and 70-80% in the Southwest Hills and Plains.  Afternoon relative humidities average 35-70% in the Northeast Highlands and the Northwest Hills and Plains, 50-65% in the East Coast region, and 55-75% in the Southwest Hills and Plains.

3.4  Summer: (June through Mid-September).  June marks the beginning of summer, or the southwest monsoon.  It’s during these months that Korea experiences the majority of its annual precipitation.  The Changma front makes its way slowly northward across the peninsula, often causing torrential rainfall.  The Subtropical high (or Bonin high) builds slowly northward and the Okhotsk high slowly weakens and recedes.  The coming of sufficient rainfall to support agricultural needs is always a chance affair; in about one year out of every five, the rains come too late.  The lack of rainfall occurs when the Okhotsk high is unusually strong and persistent, inhibiting the northward progress of the Changma front.  A lack of sufficient moisture can also be experienced if the Bonin high builds northward too rapidly, pushing the Changma front north of the peninsula prematurely.  Either event results in a peninsula-wide drought.

During the summer months, one or two typhoons may cross or pass near the southern half of the peninsula.  Climatologically, there are two distinct periods favored for typhoons affecting Korea:  11-20 July and 1-10 September.  September typhoons are particularly feared because the heavy rains flatten the mature rice crop and often burst dikes along streams already swollen by the monsoon rains.  By mid-September, the main typhoon track shifts east over Japan and the threat to Korea subsides.

3.4.1  Winds.  Terrain still plays an important role in determining wind direction and intensity.  Land/sea breezes are most prevalent during the summer in the coastal areas as land/sea temperature contrast is at a maximum.  Gale-force winds (> 27 knots) are rare, but the Northeast Highlands still receives them an average of 2 days per month.

Upper-level winds remain westerly over Korea.  The subtropical jet is located over Korea with max wind speeds around 90 knots at 40,000 feet.

3.4.2  Clouds.  Cloudiness increases dramatically in summer.  Clear skies (< 2/8 sky cover) occur 3-8 days per month, while cloudy skies (> 6/8 sky cover) prevail 20-25 days per month.  Ceilings less than 1,000 feet are more common during the summer than any other season.  In the Northeast Highlands, ceilings less than 1,000 feet occur 30-50% of the time during the morning hours and 10-35% of the time in the afternoon, coincident to the occurrence of fog.  In the Northwest Hills and Plains, ceilings less than 1,000 feet occur up to 50% of the time during the morning hours, but less than 10% in the afternoon.  

3.4.3  Visibility.  Fog occurs more often during the summer than at any other time due to the warm, moist flow.  Morning visibilities less than 6 miles occur up to 75% of the time in the morning in the north, and up to 50% of the time in the south.  Sea fog forms along northern coastal areas on the East and West Sea during the summer, especially in June and July.  It reduces visibility to less than 1 mile in coastal areas of the Northeast Highlands 30-50% of the time during the nighttime and early morning hours.  Visibilities remain below 1 mile throughout the day 10-20% of the time.  Above 6,500 feet AGL, visibility outside of clouds is almost always unrestricted.

3.4.4  Precipitation.  Summer is the rainy season in Korea.  Precipitation is prevalent from late June through August, with July being the wettest month of the year.  The heaviest precipitation occurs when intense low pressure centers develop along the Changma front and track across the peninsula.  Expect precipitation 12-18 days in July, with 3-10 days having precipitation amounting to 10mm (0.4 inches) or more.  Most precipitation occurs in the Northwest Hills and Plains, where mean precipitation averages 7-17 inches in July, mainly due to upslope conditions.  Elsewhere, mean monthly precipitation varies from 4-8 inches in the Northeast Highlands, and 5-13 inches in the East Coast region and Southwest Hills and Plains.  Typhoons have caused maximum rainfall amounts to exceed 16 inches in a 24-hour period in the Northwest Hills and Plains in August.

3.4.5  Significant Weather.  Thunderstorms increase in frequency to 1-9 days a month in the north.  Elsewhere, thunderstorms occur an average of 1-3 days per month.

3.4.6  Temperature.  Average daily highs average from 72 degrees Fahrenheit (22 C) in the north, to 88 degrees Fahrenheit (31 C) in the south.  Average daily lows range from 53 degrees Fahrenheit (12 C) in the north to 74 degrees Fahrenheit (23 C) in the south.

3.4.7  Relative Humidity.  Morning relative humidities range from 80-90% throughout Korea.  In the afternoon, relative humidities average 60-85%.

3.5  Fall: (Late September and October).  By the end of September, the mean position of the polar front is south of the Korean peninsula and the mean flow switches to a cooler, drier, more northerly direction.  As the days become shorter and the Asian land mass cools from a lack of insolation, the Siberian high begins to form.  As fall progresses, the polar jet stream migrates southward across the peninsula with wind speeds increasing to 150 knots at 35,000 feet.  By October, the southward surges of colder air become stronger and more frequent.  The mean position of the polar front shifts further south, from near Hong Kong to the south of Taiwan.

3.5.1  Winds.  Land/sea breezes still occur along coastal areas in the fall, but are shorter in duration than during the summer months.  Gale-force winds (> 27 knots) occur an average of 1 day per month throughout the peninsula, except for the Northeast Highlands, which may experience gale-force winds up to 5 days per month.

Upper air winds remain westerly over Korea.  The subtropical jet migrates south of the peninsula with an average maximum speed of 110 knots, while the mean position of the polar jet shifts to North Korea, with maximum speeds of 150 knots. 

3.5.2  Clouds.  Cloudiness decreases in the fall.  As the polar front moves southward from its summer position over China, cooler, drier air replaces the warm, moist air over the entire peninsula.  Clear skies (< 2/8 sky cover) occur 15-20 nights per month, and 10-15 days.  Cloudy skies (> 6/8 sky cover) occur on 8-14 nights per month, and 12-15 days.  Ceilings less than 1,000 feet occur 5% or less of the time, except a few locations in the Northwest Hills and Plains, where they occur up to 25% of the time in the morning.

3.5.3  Visibility.  Daytime visibility improves in the fall, but fog still restricts visibility during the morning hours.  Visibilities less than 6 miles occur up to 70% of the time, mainly in the Northwest Hills and Plains and the Southwest Hills and Plains regions,  until late morning or early afternoon.  Fog lowers visibility to less than 1 mile in the Northwest Hills and Plains 10-25% of the time in the morning; elsewhere, less than 5%.  By afternoon, the frequency of visibility less than 1 mile is less than 5% in all areas.  Above 6,500 feet AGL, visibility is almost always unrestricted outside of clouds.  

3.5.4  Precipitation.  As the cooler, drier, more stable air flows over Korea, precipitation decreases.  On the average, expect 10 days of precipitation with only 3 of those days accumulating 10mm (0.4 inches) or more.  Mean monthly precipitation in the fall varies from 1-3 inches.  Snowfall can occur in the northern regions near China on as many as 5 days in late October.  

3.5.5  Significant Weather.  Thunderstorms are rare, occurring an average of 1-2 days per month in the fall.

3.5.6  Temperature.  In October, high temperatures range from 54 degrees Fahrenheit (12 C) 

in the north to 72 degrees Fahrenheit (22 C) in the south.  Average daily lows range from 27 degrees Fahrenheit (-3 C) in the north to 56 degrees Fahrenheit (13 C) in the south.  Freezing temperatures can occur on 10-20 days in October at some locations in the Northeast Highlands and the Northwest Hills and Plains regions, but rarely occur in the East Coast and Southwest Hills and Plains.

3.5.7  Relative Humidity.  Morning relative humidities average 60-85% throughout Korea.  In the afternoon, they average 40-65%.
3.6  Typhoon Climatology.  The typhoon season normally runs from July through October.  Korea is usually affected by two typhoons a year.  The majority of tropical cyclones that make landfall in Korea are the remnants of storms which first made landfall over central China and then recurve over the West Sea.  Others will recurve through the Korean Straits near Cheju-do and pass between Korea and Japan.  Major hazards for Korea are flash flooding and mud slides.  Topography is a very important influence on rainfall amounts and wind (terrain can funnel winds to create locally higher wind speeds).  In addition, your position relative to the storm's center can determine if you'll receive stronger winds.  The winds are stronger in the right front quadrant of the storm due to both its forward motion and its counterclockwise (cyclonic) flow.
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Figure 11.  June Typhoon Climatology.
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Figure 12.  July Typhoon Climatology.
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Figure 13.  August Typhoon Climatology.
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Figure 14.  September Typhoon Tracks.
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Figure 15.  October Typhoon Climatology.

Chapter 4

WEATHER REGIMES

4.1  Introduction.  Weather regimes which influence the Korean peninsula are categorized into two groups: semi-permanent regimes, which are unique to a particular season, and migratory regimes, which occur at various times during the year.  Each regime affects each area of the peninsula differently.  Where possible, rules-of-thumb have been included to assist in developing forecasts for different areas.

4.2.1  Siberian (or Asiatic) High.  Due to its latitude, incoming solar radiation (insolation) is at a minimum in the northern latitudes as the solar angle of incidence is minimal during the winter months.  With a lack of a large body of water to modify the climate, the Asian landmass becomes intensely cold, and the Siberian High is formed.  The mean position of the Siberian High is centered around south-central Mongolia, south of Lake Baikal.  Cold, dry air flows southward from the high as far south as the northern Philippine islands. This high pressure cell drives the polar front south of the Korean peninsula by late October and establishes itself as the primary winter regime.  


Figure 19.  Siberian High.

4.2.1.1  Synoptic Situation. (See Figure 19). Intense surface high pressure cell over Siberia or central China with surface pressure readings at the center of circulation exceeding 1050mb, and ridging extending southward over the Korean peninsula.  Temperatures on the surface plots average well below 0 degrees Fahrenheit.  A relatively shallow system, reflections of this high in the upper levels seldom extend above 700mb and cyclonic curvature is evident above the surface high at 500mb. The polar jet generally migrates south of the peninsula, merging with the subtropical jet over the Korean Strait.  Strong evidence of an arctic jet is found at 300mb and 500mb, with a mean location around 55 degrees north latitude.  

4.2.1.2  General Weather Conditions.  Clear to partly cloudy skies are the rule peninsula-wide as cold, dense, polar air settles over the region.  Morning fog is common, particularly along coastal areas due to the temperature contrast between land and sea, and in cities, where pollution is a problem.  The fog burns off by late morning in most locations.  Afternoon visibility is at its best during this time of year.  Flying conditions are very good, although turbulence can pose a problem up to 150 miles downwind of mountains as surges of fresh polar or arctic air plunge southward, increasing the northwesterly gradient.  Icing is almost non-existent under this regime due to lack of moisture and extremely cold temperatures.

4.2.2  Arctic Fronts.  In mid-December, the Asian airmass becomes bitterly cold as the Siberian High continues to intensify.  Occasionally, a portion of this airmass may migrate southward over Korea (West Lake Baikal High), kicked from its source region by the arctic jet and reflected as a mid-level short-wave (usually 500 or 700mb), producing unusually cold temperatures and dangerous wind chills throughout the peninsula.  On the average, bitter cold surges occur 2-3 times from late-December through mid-February, with milder surges occurring about once per week.  Due to the large water areas surrounding the peninsula, these airmasses are relatively short-lived and generally modify to mP in 2-3 days.

4.2.2.1  Synoptic Situation.  (See Figure 20).  Strong surface high pressure centered over Siberia or central China with ridging extending southward.  A secondary surface high pressure cell usually forms to the southeast of the parent high as the airmass begins its southward progress.  In the upper levels, troughing exists above the surface high pressure cell and the arctic jet is well established.  A jet max entering the base of the trough can be found to support the triggering short-wave(s).

[image: image11.jpg]



Figure 20.  Arctic Fronts.

4.2.2.2  General Weather Conditions.  Clear skies, excellent visibility, and abnormally cold temperatures prevail throughout the peninsula with the exception of southwestern Korea, which usually experiences cloudy skies and significant snowfall as the cold, northwesterly flow behind the front draws moisture from the West Sea.  Surface winds are usually northwesterly and can be very gusty, plunging wind chills into the danger category.  During colder outbreaks when the high behind the front is well-established, flow behind the front will be northeasterly, and all areas will experience fair skies. Turbulence poses a hazard to flight operations as strong, winds normal to the mountain ridges produce mountain wave turbulence up to 150 miles downstream.

4.2.3.  Shanghai Lows.  Shanghai Lows form and develop as upper-level short waves intersect the polar front over the relatively warm waters of the West Sea in the vicinity of Shanghai.  Depending on their trajectory as they move eastward, they affect different portions of the peninsula in different ways.  If the lows move over the peninsula, considerable rainfall (or snowfall) will accumulate in areas to the left and downwind of the low’s track.  Since these lows are fairly intense, gale-force winds (> 27 knots) are possible, especially in areas prone to channeling effects.  As the low moves off the east coast of Korea, cold, westerly to northwesterly winds behind the low draw moisture off the West Sea and produce instability snow showers that dump snow along the west coast during the winter.  If these lows track south of the peninsula, strong easterly winds north and east of the low center draw moisture off the East Sea and produce blizzard conditions in the winter and several inches of snow or rain along the east coast of Korea due to upslope.  Gale-force winds are also common, especially in areas prone to channeling effects.  In winter, southern portions of the peninsula will get snow as the low passes by, with the heaviest amounts accumulating to the west and downwind of the low’s track, and in areas prone to upslope conditions.  South coastal regions may get rain in advance of the low, changing to snow as the low passes.
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Figure 21b.  Shanghai Low (typical track).
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Figure 21b.  Shanghai Low (worst case scenario).

4.2.3.1  Synoptic Situation. (See Figures 21a and b).  Cyclogenesis is usually triggered by the approach of a moderate to strong upper-level cold trough moving southeastward from Mongolia towards Korea and southern Manchuria simultaneously with a westward push of the Pacific (or Bonin) High, which forces the western edge of the polar front northward over eastern China – this is responsible for the wave formation.  The accompanying vorticity pattern with the northern cold trough will usually have a secondary minor PVA center to its southwest that acts as the trigger mechanism, causing the low to develop to the point that it is acted upon by the mid-level flow and becomes a migratory system. 

4.2.3.2  General Weather Conditions.  The general conditions at individual locations will vary greatly depending on the track of the low.  Generally, in advance of the low, relatively warm, moist air is drawn from the south over the peninsula.  Within 12 hours after the development begins, the west coast receives cloudy skies with light rain (or snow in winter).  Ceilings are usually MVFR and can be IFR, especially in high elevations and coastal regions.  As the low tracks eastward, the southern coastal areas become cloudy and experience rain and relatively mild temperatures.  As the low passes the peninsula, the rain may change to snow in the higher elevations (in late fall and early spring), and may change to snow in the coastal areas in winter, depending on the low’s trajectory.  In general, areas immediately to the left and downwind of the path of movement will experience moderate to heavy snowfall in the winter months (up to 3 degrees to the left of the track of the low).  The higher elevations along the east coast will experience heavy snowfall in advance of the low, as easterly winds bring moisture from the East Sea and upslope conditions form; if the low tracks south of the peninsula, 2 or more feet of snow can be expected in this area.  Northwesterly flow behind the low prolongs the snow event for portions of the southwest.  Mechanical turbulence poses a flight hazard due to strong winds associated with the deep low.  With an overrunning situation, light to moderate to icing is common near the freezing level under this regime.

Typical nKorean impacts to operations are indicated by the chart below:


4.3.1  Okhotsk High.  This semi-permanent high pressure cell forms over the cold, maritime-polar source region in the Sea of Okhotsk during late winter and early spring.  Ridging from this high extends southwestward across the East Sea and the Korean peninsula westward to eastern China when it’s well-developed, and is the primary regime affecting Korea from March through early June.  Its influence on the Korean peninsula varies according to its relative strength which fluctuates week to week throughout the spring but, in general, the Okhotsk High is strongest in the early spring and gradually weakens by June.  It holds the Changma front at bay until mid- to late-June, when the water over the Sea of Okhotsk warms, causing the high to weaken and allowing an influx of moisture from the south that precedes the rainy season.

4.3.1.1  Synoptic Situation.  (See Figure 22).  Strong surface high pressure over the Sea of Okhotsk, with ridging extending southwestward over eastern Asia and Korea.  It is a relatively shallow system, often not visible on upper air charts above 850mb.  The mean position of the polar jet lies over the Korean peninsula, and any precipitation experienced under this regime is typically the result of short-waves propagating along it, which are generally reflected at 700 and 500mb.  

4.3.1.2  General Weather Conditions.  The Okhotsk High produces generally cool, relatively dry conditions throughout the peninsula, but may produce some snow in areas prone to upslope along the east coast.  Winds are generally light easterly to northeasterly up through 850mb.  Skies are usually partly cloudy; visibility may be restricted due to early morning fog and afternoon haze, primarily along the east coast of the peninsula due to onshore flow, and in built-up areas due to pollution.  Flying conditions are generally good.  Turbulence is rarely a problem in the low levels under this regime due to relatively light winds aloft.

A good forecasting rule-of-thumb:  If the gradient flow is easterly across the Taeback Mountain Range (perpendicular component of >20 knots), forecast unrestricted visibility for all CWT TAF locations.  Adiabatic warming on the lee of the Taebacks inhibits fog formation and the easterly flow pushes the pollution from western urban areas out into the West Sea.


Figure 22.  Okhotsk High.

4.4.1  Changma (Monsoon) Front.  A quasi-stationary, semi-permanent east to west-oriented polar front, enhanced by the interaction of the moist, northward-moving tropical airmass around the Bonin high to the south and the retreating cool, relatively dry, airmass of the Okhotsk High.  A series of waves rippling along the front form an almost continuous cloud band, which may be up to 600 miles wide.  Normally, the front lies across the southern portion of the ROK in late June and gradually migrates northward to the north Korea/China border by August as the subtropical ridge builds northward behind it.  

4.4.1.1  Synoptic Situation.  (See Figure 23).  A subtropical high pressure center located southeast of Japan (Bonin High), providing a warm, moist southerly flow over the Korean Peninsula.  The Okhotsk High to the north weakens in summer and retreats northeastward, allowing the boundary between these airmasses to move slowly northward over the peninsula.  The polar jet stream is generally found in eastern China or north Korea and short-waves moving along the jet induce waves along the Changma front, causing locally heavy precipitation in the vicinity of these frontal waves.
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Figure 23.  Changma Front migration.

4.4.1.2  General Weather Conditions.  The Changma front is responsible for most of Korea’s annual precipitation, with several inches of rain falling in short periods of time near the frontal boundary.  Flying conditions are at their worst with widespread MVFR and IFR conditions prevalent in the vicinity of the frontal boundary.  Visibility is generally restricted due to fog and may be reduced to a mile or less in areas of heavier  precipitation.  Behind the front, visibility is generally restricted to 6 miles or less in haze, due to the warm, moist, tropical air.  Since the characteristics of the Changma front are similar to a warm front, conditions are fairly stable.  However, strong winds over the mountainous areas can produce mountain wave turbulence up to 150 miles downwind from mountain peaks.  The freezing level is usually around 15,000 feet this time of year, thus, icing may be found at higher levels.  Type, intensity, and vertical extent of icing can be assessed according to temperatures and dew point depressions on the upper air charts.  As with warm-frontal activity, thunderstorms may occasionally be embedded as well.

A good forecasting rule-of-thumb:  If a mature or decaying wave is located near the Sea of Okhotsk region, the low level winds from this system will distort the low-level northeast wind flow from the Sea of Okhotsk High.  Place the Changma boundary along the greatest low-level speed convergence lying just north of the sub-tropical ridge.  Use the following link for a quikscat image (active microwave sensor for sea surface wind direction/speed):  http://manati.wwb.noaa.gov/quikscat  

4.4.2  Gaeul (Autumn) Changma.  A quasi-stationary, east to west-oriented polar front, enhanced by the interaction of the cool, dry, southward-moving continental polar airmass from the building Asiatic High and the retreating warm, moist, airmass of the Bonin High.  The characteristics of this synoptic event are similar to the Changma regime seen at the beginning of the summer in Korea, with one exception, the heavy rain event is of a shorter duration.

4.4.2.1.  Synoptic Situation.  (See Figure 24).  The subtropical ridge axis is located between 35 to 40 degrees north latitude, providing a mT air mass over the Korean peninsula.  By mid-August, the Asiatic Low begins to fill and in northern Russia, the Siberian High begins to build due to a lack of insolation.  The southern migration of cool baroclinic highs are a much more rapid transition from mT to cP than the early summer Changma regime (cP to mT).  American meteorologists commonly refer this to the NE monsoon – this is not the case.  The polar front migration is typically a much more rapid event and easier to identify on the analysis/model charts.  In this regime, the polar jet axis migrates to just north or over the peninsula and is difficult to identify due to weak horizontal temperature contrast.  Locally heavy precipitation is the result of the polar front becoming stationary over the peninsula.
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Figure 24.  Gaeul Changma migration. 

4.4.2.2.  General Weather Conditions.  The Gaeul Changma is a relatively new regime currently being researched by the Korean Meteorological Agency.  Research on this synoptic event only goes back for the past 5 years.  American meteorologists normally think of this regime as the NE monsoon or southern migration of the polar front.  Where it differs from the Changma (SW Monsoon) is the occasional heavy rain/flash flooding that occurs from the relatively rapid transition to a continental polar air mass.  The forecaster should look for any upstream troughs (divergence aloft or CAA), moving over the surface front.  This will initiate wave development in an area of weak thermal advection.  The forecaster should then consider train effect thunderstorm activity (flash flooding) with any enhanced upper-level divergence, low-level convergence or overrunning situation. 

Consider the following:

· Classified as a heavy rain event at the end of the summer season (end of August to beginning of September).

· Typically a 7 to 10 day event.

· Does not occur every year

· Transition from mT to cP

· Often the thermal contrast (boundary) is not evident until it is south of the DMZ

· Widespread MVFR and IFR conditions exist in the vicinity of the boundary.

4.4.3  Bonin (or North Pacific) High.  This sub-tropical regime dominates Korea in late summer, after the Changma front has passed to the north.  It dominates the southern portion of the peninsula beginning in July, and gradually pushes northward behind the Changma front, dominating the entire peninsula by late August.  It is characterized by hot, humid, sultry conditions and generally fair skies.  During the fall, the cell moves east and weakens.
Figure 25.  Bonin High.

4.4.3.1  Synoptic Situation. (See Figure 25). A warm core, vertically stacked, sub-tropical, high pressure cell located southeast of Japan.  Surface and upper air charts indicate ridging extending westward over southeast Asia and Korea.  Upper level winds are generally light in the immediate vicinity of the ridge.  The polar jet is positioned well north (largely discontinuous), while the subtropical jet extends across the Korean peninsula.

4.4.3.2  General Weather Conditions.  Generally fair skies with afternoon cumulus forming due to diurnal heating.  The cumulus may, on occasion, form a ceiling and with sufficient heating and/or orographic lift, a thunderstorm or two is possible.  Visibilities are commonly reduced due to morning fog and afternoon haze.  Land/sea breeze effects are at their peak under this regime, often extending 3 to 5 miles inland as gradients are virtually non-existent.  Light turbulence may be experienced in the low levels due to intense surface heating.

4.5.1  Polar Front.  North Korea is affected by the polar front in mid-September as the boundary begins its migration southward from its summertime location north of the peninsula.  Forced southward by the building Siberian High, the movement of this system is fairly gradual and the front generally moves to its mean position south of Korea and no longer affects the peninsula by late October.

4.5.1.1  Synoptic Situation.  (See Figure 26).  Building surface high pressure from Siberia, extending southeastward toward Korea.  The Bonin (or North Pacific) High is still quite well defined southeast of Japan, with ridging extending westward.  The Polar Front lies in the trough between these high pressure systems, separating the cool, relatively dry air to the north from the warm, humid conditions to the south.  The speed at which the front completely transgresses the peninsula is dictated by the length of time required for the Siberian High to establish itself, and the length of time required for the subtropical ridge to weaken.  Thus, the boundary remains quasi-stationary, oscillating north to south on a day-to-day basis and takes roughly a month to push completely through the peninsula.  With the changing of the season, the subtropical jet shifts southward from it’s mean position over central Korea, and the polar jet relocates to central Korea by the late fall.  An arctic jet begins to form around 60 degrees north latitude and becomes better defined by late fall as the Siberian airmass intensifies.


Figure 26.  Polar Front.

4.5.1.2  General Weather Conditions.  In the immediate vicinity of the front, expect cloudy skies with scattered rainshowers and isolated thunderstorms associated with waves rippling across the boundary.  The heaviest rainfall is found east of the wave, and significant precipitation can accumulate, especially in areas prone to upslope effects.  Due to the slow movement of the boundary, cloudy conditions persist for 2 to 3 days at a time on average,  but may exist up to 5 days in upslope regions.  Icing conditions may pose a hazard to flying, as the freezing levels drop in the cooler air behind the front.  Winds behind the front shift to northerly and may be gusty.  South of the front, warm, humid conditions are the norm.  Skies are generally partly cloudy and winds are southerly to southwesterly and may begin to gust as the gradient between the front and the subtropical high increases.

4.6.1  Baikal Lows (Figure 27).  The Baikal (Lake Baikal) Low is a migratory low that occurs throughout the year, but mostly in the spring.  Baikal Lows pass to the north of Korea and Japan and move at an average speed of 20 knots.  Their tracks are parabolic (move in a curved path).  Baikal Lows appear less frequently than Mongolian Lows.  They occur any month of the year, most often in spring and fall, and average 2-3 per month.    Regeneration is triggered by pressures of 1016 mb or lower.

4.6.1.1  Synoptic Situation.  At 300mb, look for a broad area of troughing west of Lake Baikal, with ridging over the East Sea.  Troughing will be reflected at 500, 700, 850, and 925mb, stacking to a surface low in the vicinity of Lake Baikal.  As the system matures, closed circulation will become evident on upper air charts from the lower levels, upward.  These lows move southeastward and deepen initially, then recurve northeastward, passing to the north of the peninsula.

4.6.1.2  General Weather Conditions.  Baikal Lows are often weak due to the dry continental air.  As a result, there is very little precipitation and variable amounts of cloud both ahead of and behind the associated occlusion or cold front.  Little change in temperature is observed at the surface.  An unstable air mass causes considerable precipitation and cloudiness and a more rapid movement of the low.  Baikal Lows track north of 50° N and only their trailing cold fronts affect the region.  The associated trailing cold fronts are weak, slow moving, cause little or no precipitation, and are often difficult to detect.  You can detect frontal passage by a wind shift and cooling of the lower layers in upper-air soundings.  Cold fronts from the northwest generally produce ceilings in the 2,500-3,000-ft range with very little precipitation.  These clouds persist 1-3 hours and scatter after frontal passage, except along the immediate West Sea coast where upslope conditions may persist.  In the spring at locations farther south and near the West Sea coast, with southerly to southwesterly flow tapping West Sea moisture, pre-frontal squall lines or thunderstorms along the front are possible.  These thunderstorms will have low tops, but could produce weather warning winds and hail.  Although a cold front may pass the Shantung peninsula without rain, it often brings rain or snow to Korea because of its path over the West Sea.

The following can be used to time cold frontal passage:

	(
	Cold fronts move at speeds of 15-20 knots in spring and fall and 20-25 knots in winter.

	(
	A cold front moving to the southeast will pass Camp Casey, Seoul, Suwon, Osan, and Camp Stanley 4-5 hours after it passes P-Y-DO (Paengnyong-Do) causing conditions similar to those experienced at P-Y-Do.  P-Y-DO is a good indicator of the weather at Camp Casey, Seoul, Suwon, Osan, and Camp Stanley, except when Korea is under easterly flow.

	(
	The island of Chodo (N of P-Y-DO at 38°40’ N, 124° 50’ E) is an excellent tool for timing frontal approach and passage.  The weather at Camp Casey, Seoul, Suwon, Osan, and Camp Stanley parallels Chodo’s with a lag of 6-8 hours.
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Figure 27.  Baikal Low.

4.6.2  West Sea Lows (Figure 28).  West Sea Lows (also known as Hwang Ho Lows) occur during any month of the year.  They reach a double maximum of occurrence in late spring (June) and again in early autumn (September) with the Polar Front still in the Korea area.  They reach a minimum in the summer (July and August) once the Polar Front pushes north of the peninsula.  West Sea Lows are relatively rare, averaging 1 per month with a life cycle of around 6 days.  They only affect the Korean peninsula for about two days per occurrence.

When a low is generated over China and passes 120° E, south of 30° N, it is classified as a Shanghai Low.  The low is classified as a West Sea Low if it passes north of 30° N.  West Sea Lows almost always track into the East Sea and are responsible for some of the worst weather experienced in Korea.

4.6.2.1  Synoptic Situation.  Most West Sea Lows form when a weak frontal wave moves east of Beijing and taps West Sea moisture and warmth in the Gulf of Pohai, on the northwest corner of the West Sea.  These lows typically track eastward at an average speed of 20 knots across the Korean peninsula north of the DMZ, and into the East Sea.

4.6.2.2  General Weather Conditions.  West Sea Lows bring the worst weather conditions of any migratory system to the area.  They typically track along the DMZ, resulting in less weather for southern portions of the ROK.  However, when they track over the southern part of the peninsula, the worst conditions can be expected at all locations.  Cloud cover generally persists for 24-36 hours; expect ceilings of 500-1,000 ft once the storm center reaches the Kunsan-Suwon area.  Precipitation usually ends once the storm center passes 127° E.  Ceilings and visibilities will drop to 600 ft and 3 miles a few hours after the onset of rain or drizzle.  Occasionally surface cyclogenesis occurs east of the peninsula – this is dependent on where the long wave trough lies.  For East Sea cyclogenesis, the long wave trough lies directly over the peninsula.

Keys to forecasting cyclogenesis and timing of weather associated with West (Yellow) Sea Lows:

	(
	If the winds at Cheju-Do become southeast at 8 kts or higher, rain will occur over Korea in 12-18 hours due to a wave (usually a West Sea Low) on the Polar Front and will persist until a north-south line from the wave crest is east of Korea.  However, if a trough is retarded over Korea from the closed circulation around the wave (with a general west-northwest to east-southeast orientation), forecast continued cloudiness and rain.

	(
	A rapid pressure drop at P-Y-DO (Paengnyong-Do), Seoul, or Osan indicates the rapid approach of a system or the development of a new system in the West Sea area.  Maintain a close watch on the 24- to 48-hour pressure changes as indications of possible development.

	(
	If a low overcast continues 2-3 hours after a frontal passage on either coast, expect an approaching secondary low to exist to the west of the Yellow River area or an approaching secondary front.  However, if the skies become broken to scattered soon after a frontal passage, clear skies should be forecast for the next 24 hours.

	(
	Thin cirrostratus overcast forming over the western ROK and gradually thickening is often the first indication of an approaching wave.  These systems usually reach the area within 24-36 hours after the initial formation of cirrus and are most frequent during the spring.

	(
	Forecast cyclogenesis (except in summer) within 48 hours after a migratory high (usually East Lake Baikal High) moves over the East Sea from east Asia.



Figure 28a.  West Sea Low – typical track.


Figure 28b.  West Sea Low – “worst case” scenario.

4.6.3  Mongolian Lows (Figure 29). Mongolian Lows occur in all seasons.  Their track is more southerly than Baikal Lows, generally tracking northwest to southeast over northern China, recurving over the West Sea and passing over Korea (north of the DMZ).  Mongolian Lows move at a mean speed of about 20 knots and are most prevalent from March to July (averaging 2-3 per month), but may occur any month of the year.  

4.6.3.1  Synoptic Situation.  At 300mb, look for a broad trough in the vicinity, or slightly west of, Lake Baikal, with an upper-level ridge over the Sea of Okhotsk.  Troughing will exist on the 500, 700, 850, and 925mb charts, stacking southeastward to a surface low over Mongolia.  The lows move southeastward initially, then recurve over the West Sea and track northeastward over Korea.  As the system matures, closed circulation will become evident on upper air charts from the lower levels, upward.

4.6.3.2  General Weather Conditions.  Usually, the only effects from Mongolian Lows in the Far East Region are in association with trailing cold fronts.  Timing these fronts is fairly consistent.  When the trough which precedes cyclogenesis moves past Lake Baikal, look for the trailing cold front to pass into Korea 24-30 hours later.

As a Mongolian Low approaches the Gulf of Pohai, it tends to slow up slightly as a warm ridge builds ahead of it.  The low generates moderate-heavy precipitation in the region, most of it on the northwest coast of Korea.  Ahead of the low, a cirrus/cirrostratus shield thickens, and a band of high altocumulus or altostratus clouds (7,000-11,000 ft) appears locally 8 to 10 hours prior to the low passage.  A broken to overcast stratocumulus/ cumulus deck develops some 2-4 hours prior to the low passage.  This deck lowers to below 1,000 feet just prior to and during low passage.  Precipitation is showery, and may be in lines of either rain or snow.  Visibility in rain is usually 2-4 miles, but may drop to 1-2 miles or occasionally below 1 mile in snow.

Once the low passes, winds shift from southwest to northwest, but remain gusty.  20 to 30 knot winds are not uncommon.  Ceilings lift to 2,000-2,500 feet and the precipitation ends within 1-2 hours.  If the clouds become scattered shortly after frontal passage, clear skies should be forecast for the next 24 hours.

If the low tracks north of the Gulf of Pohai, the trailing front produces clouds and light precipitation.  Cirrus/cirrostratus first moves ahead of the front with a band of altocumulus or altostratus clouds (7,000 to 11,000 ft) appearing locally 8 to 10 hours prior to frontal passage.  A broken layer of stratocumulus (2,000 to 3,000 ft) moves in 2-4 hours prior to and during passage.  Showery precipitation precedes the front by 3-6 hours.  Rain reduces visibilities to 3-5 miles, occasionally down to 1-2 miles in heavier showers.  Snow reduces visibilities to 1-2 miles, intermittently down to ½ mile.  Precipitation usually ends with frontal passage.  Expect shifting gusty surface winds; prior to passage, winds are generally southwest shifting to northwest after passage with speeds of 20 to 30 knots.  Several hours after frontal passage, skies scatter except near the West Sea coast, where cold air advection stratocumulus and lake-effect showers may occur.  Weather from a Mongolian Low is usually limited to frontal bands over Korea.  A wider band of precipitation occurs with northeast-southwest-oriented fronts than with west-east or north-south-oriented fronts.  
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Figure 29.  Mongolian Low.
4.6.4  East Lake Baikal Highs (Figure 30).  The East Lake Baikal High is the dominant migratory high during the late spring, summer, and early fall months when an average of 3 highs affect the peninsula monthly.  East Lake Baikal Highs generally follow Mongolian and West Sea Lows and their cold fronts. They are not as cold as West Lake Baikal and Northeast Lake Baikal Highs, but their central pressures are typically higher.  In the upper levels, a broad high pressure ridge can be found over Lake Baikal with a long wave trough down stream over the East Sea.

4.6.4.1  Synoptic Situation.  On the 300mb chart, look for a broad ridge over, or slightly west of, Lake Baikal with a long-wave trough over the East Sea.  The high will be reflected as a ridge or a closed high pressure center on the 500, 700, 850, and 925mb upper air charts, stacking toward a surface high.

4.6.4.2  General Weather Conditions.  East Lake Baikal Highs typically bring fair weather and cooler temperatures to the region.  Gusty northwest winds set up initially, but decrease once the high moves east of the Shantung Peninsula.  Cold air advection stratocumulus occurs initially with lake-effect showers along west coastal areas.  Once an East Lake Baikal High is in the East Sea and return flow is more southwesterly over Korea, clouds and precipitation develops west, spreading east.  Another cold frontal passage usually follows.  If the center moves north of the Shantung Peninsula (i.e., north of 38° N), the coldest temperatures will be in the north central mountains under clear skies.  If the center passes south of 36° N, expect heavy early morning fog in southern areas (once centered east of 123° E) with otherwise good weather conditions.  If the center moves eastward, between 36°-38° N, expect fair skies and fairly uniform colder temperatures over the Korean Peninsula.  Once the center is east of 128° E, southeast winds have the potential to funnel low clouds from the east over the southern third of the peninsula.

Figure 30.  East Lake Baikal High.

4.6.5  West Lake Baikal High (Figure 31).  The main Siberian High originates in the areas north of Lake Balkhash and northwest of Lake Baikal in Russia.  It is a semi-permanent feature most prevalent during the winter and early spring.  The West Lake Baikal High breaks off from the main Siberian High.  It moves southeast around the edge of the Tibetan Plateau to the southeast into the East China Sea and then recurves northeast to pass south of Japan.  West Lake Baikal Highs are most prevalent in the winter, averaging 3-4 a month in the winter and early spring.    West Lake Baikal Highs typically are the strongest and coldest of the migratory Asian Highs.  Surface temperatures typically range from -9° C  (15° F) to -40° C (-40° F) under the center of the high.  These highs typically follow on the heels of Arctic fronts.  Their mean central pressure is strongest in January, averaging 1038mb (30.65 inches).  West Lake Baikal Highs can exceed 1050mb (31.01 inches) for up to 3 days.  Variations in the strength of this high are directly related to the strength of the prevailing northwest winds associated with it.  

4.6.5.1  Synoptic Situation.  The upper levels (700mb and above) feature a broad long-wave trough extending to south of Taiwan.  The trough axis typically lies west of 125°E longitude--west of the Korean Peninsula and just east of Taiwan.  Surface charts indicate a strong, closed, high-pressure system which generally moves southeastward over time.  

4.6.5.2  General Weather Conditions.  Expect clear skies under this regime, except for areas along the west coast where lake-effect cold air advection stratocumulus and snow showers are prevalent.  Gusty northerly surface winds ahead of these highs can drive wind chills over Korea into the “very cold” (<-25 F/-32 C) range.  Low-level turbulence is usually associated with this regime, especially in the vicinity of rough terrain.  Severe turbulence can be found up to 150 miles downstream of mountains.  Due to very cold temperatures and lack of clouds, icing is not a problem under this regime.


Figure 31.  West Lake Baikal High.

A good forecasting rule-of-thumb:  Mountain wave turbulence is common under this regime.  Consider the high pressure’s trajectory and position relative to the peninsula.  When the high center is directly south of the peninsula and the perpendicular wind component over the Taebacks is >25 knots, forecast mountain wave turbulence up to 150nm to the lee of the mountain range.

4.6.6  Northeast Lake Baikal High (Figure 32).  These highs occur in any season.  They move to the southeast and pass over Hokkaido.  About  2-3 highs a month move through in winter.  They are most prevalent in the spring and fall transitions, averaging 3-4 a month.  They typically follow Baikal and Manchurian Lows and their associated cold fronts.  

Northeast Lake Baikal Highs are cP in nature and are shallower and much colder than Okhotsk Highs.

4.6.6.1  Synoptic Situation.  Northeast Lake Baikal Highs are characterized by a blocking pattern in the northern storm tracks with a weakening long wave trough over east Asia.  The trough axis generally lies east of 150° E longitude.

4.6.6.2  General Weather Conditions.  Forecast strong northwest winds initially when a Northeast Lake Baikal high pressure cell follows a cold frontal passage.  Strong northwesterly flow usually indicates the beginning of 3 to 5 days of clear, cold, dry weather.  After the third day, morning fog  and smoke (near urban areas) often develops between 0800L and 1100L.  Along the West Sea coast, strong northwest winds and cold air advection produce lake-effect snow showers at Koon-Ni, Kunsan, and areas just south of Camp Humphreys.  This lake-effect typically begins 8-12 hours after cold front passage.  When an intense high is centered in the area and its influence extends southeast to Japan, favorable weather persists in the ROK.  

In southern ROK during the winter, low-level flow from 330°-060° produces clear, cold weather.  These conditions also persist for wind directions from 060°-140°, provided gradient wind velocities are light.  If low-level flow is from 060°-140° and gradient wind speeds are 25 knots or more, heavy cumulus "build up" activity may occur in mid-winter and cause frequent snow showers, provided the upper level flow is from the west.

Good forecasting rule-of-thumbs:  Mountain wave turbulence is common under this regime.  Consider the high pressure’s trajectory and position relative to the peninsula.  When the high center is directly north of the peninsula and the perpendicular wind component over the Taebacks is >25 knots, forecast mountain wave turbulence up to 150nm to the lee of the mountain range.

Taegu is well protected from strong surface winds by mountains.  Expect the strongest gusts in this area immediately after a cold frontal passage.  Generally speaking, Taegu's peak winds run 5-10 knots less than those occurring along the west coast of the ROK.


Figure 32.  Northeast Lake Baikal High.

4.7  Tropical systems.  Tropical systems normally originate in a band between 5° and 10° north latitude.  This band, often called the Near-Equatorial Convergence Zone (NECZ), also known as the monsoon trough, or the Near-Equatorial Tradewind Convergence  (NETWC).  A region of convective activity with a detectable center of cyclonic circulation, called a tropical disturbance, could be the first sign of a tropical depression, tropical storm or typhoon in the making.  Tropical disturbances can be triggered by a tropical wave (formerly called easterly wave) in the monsoon trough or a trough in the westerlies intruding into the tropics from mid-latitudes, such as a shear line, a weak front undergoing frontolysis, or a cold, upper-level trough (tropical upper tropospheric trough or TUTT).

Five conditions must be met before a tropical depression, tropical storm, or typhoon can develop:  (1) Sea-surface temperature (SST) must be at least 26.5° C (80° F), (2) a strong Coriolis effect must be present (minimum at 5° latitude, but optimum between 10° to 20° latitude), (3)  Upper Tropospheric outflow (exhaust) must be present over the storm, (4) a preexisting low-level disturbance be present and (5) weak vertical wind shear.  The prime genesis area for the western Pacific normally exists south and east of Guam.

The magnitude and position of the North Pacific High over the western part of the Pacific Ocean determine the tracks of these storms.  The tropical systems move under the ridge and recurve to the north at a weak point or break in the ridge.  After a period of erratic movement during generation, most systems assume a west to northwest track towards the Philippines and Taiwan.  Systems tracking around the western periphery of the North Pacific High recurve northward at a point generally farther to the west.  This directs tropical cyclones toward the East China Sea and the Ryukyu Islands.  They may then move into China and dissipate, recurve to the northeast toward the main islands of Japan, or recurve northward into the West Sea and affect Korea.  During the winter months, tropical cyclones normally recurve to the south and east with little effect on the Ryukyus and none on Japan or Korea.

4.7.1  Effect of Tropical Systems on the Korean Peninsula.  The northern part of Korea is not as susceptible to tropical systems as the southern part.  Northern Korea can expect one tropical storm or typhoon every 2-3 years, central Korea can expect one every 1-2 years, and southern Korea can expect an average of two per year.  Climatology shows that although the region is susceptible in July, August and September, the greatest probability is from 11-20 July and 1-10 September.  Winds are not the biggest threat from tropical systems.  Heavy rains cause flooding and are a major problem for the region.  

If a high is situated over the East Sea and/or southern Siberia and a typhoon or tropical storm is positioned in the Taiwan area, South Korea records heavy rainshowers.   Typhoons that move northeastward, south of Japan, cause light, intermittent precipitation over southern Korea.  When a cyclone tracks to the south of the peninsula, expect 5-7 inches of rain in 24 hours over the southern part of the Republic of Korea.  If the cyclone tracks inland from the southwest coast, expect 7-9 inches of rain in 24 hours over the southern areas.

Obviously, weather conditions depend on the proximity and strength of a typhoon or tropical storm to a location.  If a cyclone passes within 120 miles, expect initial conditions of scattered to broken low clouds at 4,500-5,000 ft, broken mid clouds at 10,000 ft, and a cirrostratus overcast.  Within 2-4 hours of rain beginning, conditions deteriorate to low stratus-fractus at 500 ft, cumulus/stratocumulus broken at around 3,000 feet and overcast altostratus at less than 10,000 ft and visibility of 1-3 miles.  Once a cyclone is within 60 NM, expect IMC conditions (usually 500 ft overcast and 1 mile or less in moderate to heavy rain). Conditions improve as a cyclone moves away.  Orography affects wind speeds; friction reduces the maximum winds of a cyclone coming onshore, while wind speeds are stronger in areas prone to funneling.  Embedded thunderstorms are likely with any cyclone. 

4.8  Mesoscale Weather Regimes.  As the name implies, these regimes occur on a relatively small scale.  Most of these regimes are unique to particular regions and usually occur as a result of a larger regime (i.e. Land/Sea Breeze Fronts typically occur under the Bonin High regime).  

4.8.1  Land/Sea Breeze Fronts.  The land/sea breeze is a tertiary wind flow pattern caused by differential heating and cooling of adjacent land and water masses in the absence of significant circulation gradients. They are most prevalent in the summer under the Bonin High regime, when the land heats rapidly and the land-sea temperature difference is at its maximum.  Land/sea breezes are almost nonexistent from late fall into early spring (winter monsoon) as wind flow from the Siberian High tend to mask all diurnal variations.

Sea breeze fronts only affect areas within 25-30 miles of the coast.  The wind direction is westerly or southwesterly on the west coast and easterly on the east coast.  Generally, the greater the difference in temperature between the land and water, the greater the speed of the land/sea breeze.  Speeds typically average 8-12 knots, with stronger speeds experienced closer to coastal areas and in areas prone to funneling.

In areas of higher terrain near the coastline, the sea breeze produces stratiform or cumuliform cloudiness due to orographic lifting during the day.  At night, elevated coastal topography produces steep temperature gradients which accelerate speeds of the land breeze over coastal waters.

4.8.1.1  Forecast Techniques.  In order for a land/sea breeze front to form, the following criteria must be met:

	(
	Weak synoptic scale wind flow pattern.

	(
	Land/sea temperature contrast of at least 3.5 Celsius degrees.


Make prediction at 0900L.  Note the wind direction and speed, and determine the maximum temperature at the location of interest.  This information and the following Land/Sea Breeze Checklist are all that is needed to determine the likelihood of land/sea breeze formation.

4.8.1.2  Land-Sea Breeze Front Checklist.

     1.  Sea surface temperature (SST) near area of interest  ___________

     1.  Land temperature (LT) (°C) required today (SST + 3.5°C) (Figure 32)
__________

     2.  Maximum temperature (°F) expected today
__________

     3.  Is temperature favorable?  If the value in step 2 is less than in step 1,

          enter NO.  If it is the same or more, enter YES
__________

     4.  Wind direction at 0900L today
__________

     5.  Is direction favorable?  If it is from sea to land, enter NO.  If it

          is from land to sea or is calm, enter YES
__________

     6.  Wind speed (in knots) at 0900L today
__________

     7.  Is speed favorable?  If it is more than 9 knots, enter NO.  If it is 9

         knots or less, enter YES
__________

     8.  Will a sea breeze pass the station today?  If NO has been answered for any step   

     above, enter NO.  If YES has been answered for steps 3, 5, and 7, enter YES
__________

             


Figure 33.  Land Temperatures Required for a Land/Sea Breeze.

4.8.1.3  Effects on the Korean Peninsula.  Locations more than 30 miles inland are generally not affected by the land/sea breeze.  Reduced summer morning visibilities in smoke and haze caused by a nocturnal land breeze from Seoul usually persist in the Kimpo area until 1100L when the land-sea gradient becomes reversed, and the sea breeze sets up.  Sea breeze fronts trigger afternoon thunderstorms along the windward sides of hills and ridges up to 30 miles from the coast.  These thunderstorms are typically stationary or show little movement.  Land breezes can trigger nocturnal thunderstorms a few miles off the coast.  These storms generally fall apart around sunrise, and a middle cloud ceiling and light rain (referred to as "drip rains") may move inland as the sea breeze sets up in the morning.  Kunsan typically sees thunderstorm activity approximately 10nm east of the airfield on sea breeze days.

4.8.2  Freezing Precipitation.  Freezing precipitation forms when a layer of warm air is trapped between sub-freezing layers of air at the surface and aloft.  The precipitation usually begins as snow in the upper levels of the cloud and melts as it falls through the warm layer.  The droplets are then supercooled as they fall through the cold layer below and re-freeze on contact with the surface.  Generally, the warm layer must be greater than 1,200 feet thick.  This allows sufficient time for the snow to melt, yet the temperature of the droplet remains near freezing.  Any thicker and the drop would reach the surface too warm to re-freeze on contact; any shallower and the snowflakes would not completely melt and would reach the surface as snow or ice pellets.  Additionally, the warm layer must begin around 800 to 1,500 feet AGL.  Any lower and the droplet would not have time to become supercooled and would reach the surface in liquid form; any higher and the droplets would freeze before reaching the surface and fall as mixed rain and snow or ice pellets.

4.8.2.1  Forecast Techniques.  In order for freezing precipitation to form, a warm layer must be trapped above sub-freezing surface temperatures. The most common scenario for the formation of freezing precipitation is a very cold surface high pressure system in place with a warm frontal system approaching from the south, setting up an overrunning situation.  Warm advection ahead of the warm front causes temperatures above freezing aloft.  Overrunning precipitation breaks out, and precipitation, usually in the form of snow, melts as it falls through the warm layer aloft then re-freezes on contact with the surface where sub-freezing air is trapped.  Although very rare, freezing precipitation can fall along coastal areas, provided the wind flow is off-shore. On-shore flow usually produces temperatures above freezing along coastal areas due to the moderating effects of the large open waters.  When considering the possibility of freezing precipitation, one must take evaporative cooling into account.  If the dew point is below 25°F, freezing precipitation may be the initial type, even if the surface temperature is slightly above freezing.  Precipitation changes over to liquid as the surface dew point temperatures rise.

4.8.2.2  Effects on the Korean Peninsula.  Freezing precipitation is most common in inland areas of northern Korea and is seldom found in extreme southern Korea or along coastal areas.

4.8.3  Lake-Effect.  Lake-effect mainly affects locations on the west coast of Korea and is generally considered a snow-producing regime.  In fact, lake-effect is sometimes called the "snow machine" because of the copious amounts of snowfall that occur at some locations.

Lake-effect occurs when cold air passes over a warmer (sea or lake water) surface.  The heat and available moisture source causes convection to take place, which is the advected downstream by the localized wind flow.  The ideal scenario is for a low pressure system to be in place generally to the east of the affected location.  The cyclonic flow around the low produces a fetch (cool, dry winds exposed to the warm, moist sea ) that causes a band of showers to form and advect inland.  The resultant weather is instability showers that form in bands and cause large quantities of locally heavy snow.

A good forecasting rule-of-thumb:  Cold air stratocumulus usually forms 8-12 hours after fropa.  Seoul and points north are only affected by lake-effect snow showers when the gradient flow is due west (250-280o)
4.8.3.1  Forecast Techniques.  Lake-effect snow showers will generally form when the sea surface water temperature is at least 17C° warmer than the air over it at 850mb.  It can be figured by subtracting the 850 mb temperature from the sea surface temperature (SST), i.e., [SST - 850 mb T=17° C or more]; when the temperature difference is 20° C or more, heavy snow is likely.  Another factor for formation is the presence of convergence or lift.  Lake-effect will form when there is cyclonic circulation on the surface and at 850 mb or when there is anticyclonic circulation on the surface and cyclonic circulation at 850 mb.  Lake-effect generally will not form when there is anticyclonic circulation at 850 mb regardless of what is happening on the surface.  However, neutral flow (neither cyclonic or anticyclonic) at either level is still capable of supporting the lake-effect process.  The fetch, or winds exposed to the lake surface, is important in determining how far the downwind end of the instability showers will reach.  In general, the fetch follows the gradient winds and must be at least 20 knots to keep the convective process alive (mixing).  Lake-effect best sets up when a slow moving 500 mb low is northeast of north Korea and spins off a series of short-waves around its center.  Showers usually begin 8-12 hours after a frontal passage.  An 850mb wind speed of 20 knots or more with a direction of 280°-330° is needed to support lake-effect snow.  A more northerly direction cuts the precipitation off or keeps precipitation out to sea.  The key here is a large water fetch, which allows the lowest layers of the atmosphere to become warmer and unstable.  Lake effect snow shower activity will be nearly continuous, producing prevailing conditions of 2,000 ft ceilings and 1-2 miles visibility.  During 700mb or 500mb trough passages, ceiling and visibility will frequently fall below 500/1 and as low as 100/¼.  Less intense systems produce ceiling and visibility of around 3,000/7 with intermittent conditions of 500/1.

Thickness and Temperature Parameters for Snow Versus Rain with Lake-Effect:

	(
	November and December:  SFC-500 mb thickness: 528 for all snow with an 850mb temperature of -8C, 528-532 for mixed, above 532 for all rain.  

Note:  The more northerly the 850 mb flow, the higher the rain/snow thickness threshold may be.

	(
	January:  SFC-500 mb thickness: 532 for all snow with an 850mb temperature of -5C, 532-536 for mixed.  


4.8.3.2  Effect on the Korean Peninsula.  Northern Korea is not affected by lake-effect snow except for areas nearer the coast.  The cloud deck (typically bases 2,000-2,500 feet with tops 6,000-7,000 feet) penetrates further inland to the western posts near the DMZ.  Central ROK is affected by lake-effect snow with a westerly or west-southwesterly fetch.  Areas nearer the coast receive more snowfall (snow-belt is typically 3-20 miles) with lesser amounts inland past 20 miles.  Lake-effect snow seldom occurs past 30 miles inland.  The cloud deck (typically bases 2,000-2,500 feet with tops 6,000-7,000 feet) penetrates 20-40 miles to affect all bases and posts in some fashion.  The western portion of southern ROK receives abundant lake-effect snow.  A westerly to northwesterly fetch results in heavy snowfall from along the coast inland to 20 miles.  The Taegu/Camp Walker area receives the clouds but typically, not the snow showers.

4.8.4  Radiation Fog.  Radiation fog is a problem common to all locations on the Korean peninsula.  Radiation fog forms when a low-level inversion is present, with low-level moisture, radiational cooling, and weak winds.

4.8.4.1  Forecast Techniques.  Look for constant or increasing dew point temperature with height in the lower 200-500 feet (mixing will increase the surface dew point).  Radiational cooling will drop the air temperature to equal or nearly equal the dew point under clear skies or thin cirriform cloud cover.  Winds < 7 knots will help mix the moisture trapped below the inversion, down to the surface.  Fog depth depends on the height of the inversion and the amount of turbulent mixing.  Calm winds produce zero turbulent mixing, and fog is shallow (only a few feet thick).  Winds 3-7 knots produce ideal turbulent mixing, and fog will be thick enough to greatly reduce visibilities.  A tool that works at several locations is the fog stability index (FSI) (See figure 33).





Figure 34.  Fog Stability Index.
General Rules-of-Thumb for Forecasting Fog at Specific Locations in Korea:

The following pertain mainly to Osan, but could be of help in other locations:

	(
	Fog often occurs the second night after a precipitating frontal passage during fall

and spring.

	(
	Ground fog occurs most frequently with temperature-dew point spreads of 2° or

less and with temperatures above 26° F.

	(
	With relatively thick fog and clear sky above, a stratus layer forms around 500 ft

about 2 hours after sunrise.  This deck lifts to 1,000 ft and becomes scattered

over the following 2 hours.

	(
	At midnight, if the surface wind speed is less than 5 kts, the 2000-ft wind speed is less than 15 knots, the temperature is above 28° F, and the dew point

depression is less than 6° F, forecast fog at Osan. 


The following pertain mainly to Taegu (Camp Walker area), but could be of help in other locations:

	(
	In winter, if you have to scrape ice off your windshield in the morning, expect Taegu's (Camp Walker) visibility to go below 1 mile about the time the frost                begins to melt.  The heavier the frost, the denser the fog.

	(
	In winter, if there is a small difference between maximum and minimum                temperatures on the same day and a steady decrease in the temperature dew                point spread, forecast fog with minimum visibilities between 0700L and 1030L.

	(
	During the winter, for 1 or 2 days after frontal passage, Camp Walker almost                never goes down in fog.  The stronger the northwest winds, the longer the                visibility remains above minimums.

	(
	If fog has already formed when a high pressure system is centered over the                eastern half of the West Sea, or over the ROK itself, Camp Walker                visibilities improve very slowly.  The visibility usually stays at or below 3 miles                until the 1100-1200L time frame, with the maximum visibilities for the day of                only 4-5 miles in haze.


When low (1,000-1,500ft) scattered stratocumulus is observed just east of Kunsan over the adjacent hills, dense fog occurs at Kunsan shortly after sunset.

4.8.4.2  Effects on the Korean Peninsula. During spring and fall, fog forms when a migrating high lingers over the peninsula for more than 24 hours.  If a surface high exists over Korea or an 850 mb high is near Shanghai with a ridge extending northeastward over Korea, with clear skies or thin high clouds, and a temperature-dew point spread of 1°-2° C, expect valley fog to form after sunrise and drift over Camp Casey with visibilities less than ½ mi.  Expect fog to dissipate within 3 hours after onset.  Fog often occurs the second night after a precipitating frontal passage, especially in spring and fall.  Most dense fog occurs around sunrise with surface winds 090°-120° and 5kts or less.  Although these are downslope winds at most locations (normally inhibit fog formation), fog occurs because of the abundant rice paddies and ponds near many of the airfields.  Moisture advection dominates the adiabatic warming.  The west coast of the peninsula experiences fog 22% of the year as compared to only 7% on the east coast and 10% on the south coast.  Fog occurrence peaks at 38% in July.  Thick, low stratus with drizzle (100- to 300-ft ceilings and 1/8- to 1/2-mile visibility) frequently forms on spring mornings when the preceding day is warm (70° F or greater), has strong southwesterly winds which diminish at night, and is dusty or hazy.  The night is usually clear.

8.5  Sea Fog and Stratus.  Sea fog is probably the hardest type of fog to forecast.  It forms over the West Sea from late March through August, with maximum occurrences in June and July.  Once formed, sea fog pushes onshore with sea breezes and can extend inland a considerable distance (up to 5-10 miles).  It can last for a few days or for just a few hours.  Regardless of the duration, sea fog impairs mission capability, with southwest coastal regions impacted most.

4.8.5.1  Forecast Techniques.  The key to forecasting sea fog is to locate colder pockets of water and determine the air temperature, dew point, and low-level wind flow over the surface of open waters.  If the surface dew point is equal to or higher than the sea-surface temperature, sea fog is likely.  Once sea fog has developed off-shore, use the techniques for forecasting a sea breeze to determine when or if the fog will advect inland and affect your area of interest.  Usually, the sea breeze kicks in by late morning to early afternoon and a stratus deck around 700 feet moves in and thickens.  Visibility drops below a mile with 300 to 400-foot ceilings by mid-afternoon.  This condition persists into the evening until a land breeze develops, which moves the fog and stratus off-shore.  Early morning radiation fog redevelops, and the cycle repeats itself the next day.
4.8.5.2  Effects on the Korean peninsula.  Sea fog that advects off the West Sea generally does not penetrate far enough inland to affect operations at inland bases (usually confined to locations within 5-10 miles of the coast). From the Koon-Ni to Inchon area southward, sea fog tends to dissipate earlier each day with the progression of spring.

CHAPTER 5

MAJOR USFK INSTALLATIONS

5.1  Camp Stanton.  

5.1.1  Location and Topography:  Camp Stanton is located in the town of Tonggo-ri, southeast of Munsan and east-northeast of Munaemi in the Paju plain.  The Imjin River is to the northwest and the Han River is to the southwest.  The Kwangju Mountain Range, an offshoot of the Taebaek Mountains lies to the east.

5.1.2  Local effects:  None documented at this time.

5.1.3  Meteorological sensor locations.


5.1.4  Climatology:  Summary does not exist at this time.  Cp Stanton opened in 1994.

5.1.5  Forecast Techniques/Rules of Thumb:  Under development.

5.1.6  Supported Aircraft Sensitivities:  OH-58D Kiowa Warriors (Cat 1 aircraft).

5.1.6.1  Icing and turbulence:  Possesses no anti icing or deicing equipment.  Must avoid all areas of icing.  Operates in areas of light to moderate turbulence.

5.1.6.2  Critical takeoff and landing elements:  Maximum allowable gust spread is 15kts.

5.1.6.3  Flight minimums:  Depends on airfield minimums and pilot qualifications.

5.1.6.4  Airborne severe weather capability:  None.

5.2  Camp Stanley

5.2.1  Location and Topography:  Cp Stanley is located about 2 miles southeast of the city of Uijonbu, 4 miles southeast of Cp Red Cloud and about 7 miles north-northeast of the outskirts of Seoul. The Kwangju Mountain Range, an offshoot of the Taebaek Mountains lies to the west.

5.2.2  Local effects:  None documented at this time.

5.2.3  Meteorological sensor locations.


5.2.4  Climatology:

STATION:  CAMP STANLEY AIN SOUTH KOREA  STATION #: 471064             ICAO: RKSX

LOCATION: 3743N  12706E                 ELEVATION (FEET):  233        LST = GMT + 9

PREPARED BY: AFCCC/DOS, APR 1997        PERIOD: 7301-9512

------------------------------------------------------------------------------------

        SOURCE NO.  JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT  NOV  DEC  ANN

1.  TEMPERATURE ( F)

EXTREME MAX    1/4   56   64   73   88   95  100  104  102   93   84   73   64  104

MEAN DAILY MAX   1   33   39   50   65   74   82   84   86   78   66   52   39   62

MEAN             1   25   31   42   55   65   72   78   78   68   55   43   30   54

MEAN DAILY MIN   1   12   19   30   41   53   62   70   70   58   44   33   21   43

EXTREME MIN    1/4  -15  -15   10   24   35   45   52   50   36   23   -4   -6  -15

# DAYS GE 90     1    0    0    0    0    1    5    7   13    1    0    0    0   27

# DAYS LE 32     1   30   26   18    3    0    0    0    0    0    4   16   27  124

# DAYS LE 0      1    4    1    0    0    0    0    0    0    0    0    #    1    6

2.  PRECIPITATION (INCHES)

MAXIMUM          3  2.7  3.9  7.6 17.3 11.8 18.9 38.8 29.9 21.5  7.8  6.9  3.3 84.5

MEAN             3  0.8  1.3  2.2  4.8  3.4  6.3 19.5 12.0  7.3  2.1  1.7  0.9 62.3

MINIMUM          3  0.1  0.1  0.2  0.1  0.5  1.1  4.5  2.2  0.1  0.2  0.6  0.1 43.1

MAX 24 HR        3  1.1  2.7  2.3  4.5  6.3  7.3  7.9 10.0 11.4  3.2  2.7  1.9 11.4

# DAYS GE .004   2    6    5    6    7    7   12   17   12    8    7    6    5   98  

# DAYS GE .4     2    #    1    1    2    2    4    8    6    3    1    1    1   30  

3.  SNOWFALL (INCHES)

MEAN             4  6.0  3.6  2.4    #    0    0    0    0    0    #  0.2  1.6 13.8

MAXIMUM          4 19.0 12.8  8.3  0.1    0    0    0    0    0    #  3.6  9.1 42.6

MAX 24 HR        4  9.6  5.5  4.8  0.1    0    0    0    0    0    #  3.6  9.1  9.6

# DAYS GE 0.1    2    5    3    1    0    0    0    0    0    0    0    1    1   11

# DAYS GE 1.5         *    *    *    *    *    *    *    *    *    *    *    *    *

4.  MEAN RELATIVE HUMIDITY (%) / VAPOR PRESSURE (IN HG) / DEWPOINT ( F)

RH ( 6 LST)      1   87   85   84   83   86   89   91   92   92   92   87   86   88

RH (14 LST)      1   55   51   45   38   43   50   66   59   52   47   52   56   51

VAPOR PRESS      1  .11  .12  .17  .24  .37  .54  .75  .73  .50  .32  .21  .13  .35

DEWPOINT         1   17   21   29   38   49   60   69   69   58   45   33   22   43

5.  SURFACE WINDS 16 PT/KTS / 99.95% HIGHEST  PRESSURE ALTITUDE (FEET)

PVLG DRCTN       1 $NNW $NNW $NNW   $S   $S   $S $SSE $SSE   $S   $S   $S $NNW   $S  

MEAN SPEED

(PVLG DRCTN)     1    5    6    6    6    5    5    5    5    5    5    5    6    5

MEAN SPEED

(ALL OBS)        1    3    3    3    4    4    3    3    3    3    3    3    3    3

MAX PEAK GUST    1   40   30   40   43   38   28   31   50   32   46   35   36   50

PRESSURE ALT     1  517  665  539  831  850 1239  813  992  681  662  485  410 1239

6. MEAN CLOUD COVER (8THS) / THUNDERSTORMS / FOG / BLOWING SAND & DUST (BNBD)

CLD COVER        1    3    3    4    4    4    5    5    4    4    3    3    3    3

DAYS TSTMS       1    #    #    0    1    2    2    4    4    1    1    1    #   17

DAYS FOG LT 7    1   22   18   20   18   22   25   22   24   18   21   20   29  259

DAYS BNBD LT 7   1    #    0    0    #    #    #    #    0    0    0    0    0    1

REMARKS:  * = DATA NOT AVAILABLE     # = LT 0.5 DAY, OR 0.05 INCH, OR 0.5%, AS

          APPLICABLE     $ = % CALM GT PVLGN DRCTN

          › = BASED ONLY ON AVAILABLE DATA, I.E. LT 24 HRS/DAY, OR LT 12 MONTH/YR

          ANNUAL TOTALS MAY NOT EQUAL THE SUM OF MONTHLY TOTALS DUE TO ROUNDING

5.2.5  Forecast Techniques/Rules of Thumb:  Under development.

5.2.6  Supported Aircraft Sensitivities:  UH-60/EH-60 Blackhawks (Cat II aircraft)

5.2.6.1  Icing and turbulence:  Possesses deicing equipment.  Icing will degrade operations.  Operates in areas of light to moderate turbulence.

5.2.6.2  Critical takeoff and landing elements:  Maximum allowable gust spread is 15kts.

5.2.6.3  Flight minimums:  Depends on airfield minimums and pilot qualifications.

5.2.6.4  Airborne severe weather capability:  None.

5.3  Camp Page
5.3.1  Location and Topography:  Cp Page is located on the northwest side of the city of Chunchon in the 

north-central portion of the ROK.  It lies in a river valley on the southeast bank of the Pukan River.  The Taebaek Mountains in this area reach heights of 5,000 feet.

5.3.2  Local effects:  None documented at this time.

5.3.3  Meteorological sensor locations.


5.3.4  Climatology:

STATION: CAMP PAGE AIN SOUTH KOREA      STATION #: 471010             ICAO: RKNC     

LOCATION: 3754N  12744E                 ELEVATION (FEET):  246        LST = GMT + 9

PREPARED BY: AFCCC/DOS, MAR 1995        PERIOD: 7301-9212

------------------------------------------------------------------------------------

        SOURCE NO.  JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT  NOV  DEC  ANN

1.  TEMPERATURE ( F)

EXTREME MAX     1/3  72   63   70   84   93   95   99   97   88   84   72   60   99

MEAN DAILY MAX   1   33   38   50   64   73   80   83   84   76   66   50   38   61

MEAN             1   23   29   40   53   63   71   76   76   66   54   40   29   52

MEAN DAILY MIN   1   14   19   30   41   52   62   70   70   59   45   33   21   43

EXTREME MIN     1/2 -12   -8    5   27   36   43   50   53   36   23   12   -4  -12

# DAYS GE 90     1    0    0    0    0    #    1    5    6    0    0    0    0   12

# DAYS LE 32     1   30   26   20    3    0    0    0    0    0    2   16   28  125

# DAYS LE 0      1    3    1    0    0    0    0    0    0    0    0    0    #    4

2.  PRECIPITATION (INCHES)

MAXIMUM          3  0.8  4.7  4.3  6.1  2.8  9.8 20.4  9.6  9.4  4.4  3.0  1.2 77.3

MEAN             3  0.9  0.9  1.5  3.0  3.1  4.8 14.3 10.8  4.8  1.4  1.6  1.0 48.4

MINIMUM          3  0.1    #  0.3  1.0  0.5  2.8 11.2  2.1  0.5  1.5  1.1  0.2 38.5

MAX 24 HR        3  1.2  2.1  1.6  1.3  1.7  3.1  7.8  3.9  6.9  3.0  1.4  0.9  7.8

# DAYS GE TRACE  2    9    7    9   10    9   11   16   14    9    7    9    9  119

# DAYS GE .5          *    *    *    *    *    *    *    *    *    *    *    *    *

3.  SNOWFALL (INCHES)

MEAN             3    4    5    1    #    0    0    0    0    0    #    #    1   11

MAXIMUM          3    7   12    2    #    0    0    0    0    0    0    #    3   25

MAX 24 HR        3   10    6    5    #    0    0    0    0    0    1    5    4   10

# DAYS GE TRACE  2    8    5    3    #    #    *    *    *    *    #    2    5   23

# DAYS GE 1.5         *    *    *    *    *    *    *    *    *    *    *    *    *

4.  MEAN RELATIVE HUMIDITY (%) / VAPOR PRESSURE (IN HG) / DEWPOINT ( F)

RH ( 6 LST)      1   98   80   83   84   86   88   89   90   91   90   86   83   87

RH (15 LST)      1   49   45   41   39   43   52   64   61   54   47   52   53   50

VAPOR PRESS      1  .09  .11  .16  .24  .36  .54  .72  .71  .51  .32  .20  .12  .34

DEWPOINT         1   14   17   27   37   49   60   68   68   58   45   31   20   41

5.  SURFACE WINDS 16 PT/KTS / 99.95% HIGHEST  PRESSURE ALTITUDE (FEET)

PVLG DRCTN       1   $N  $SW  $SW  $SW  $SW  $SW  $SW   $N $NNW   $N  $SW  $SW  $SW 

MEAN SPEED

(PVLG DRCTN)     1    2    6    7    7    6    5    4    3    3    3    6    6    5

MEAN SPEED

(ALL OBS)        1    3    3    4    4    4    3    3    3    2    2    3    3    3

MAX PEAK GUST@   1   43   39   45   27   27   33   20   15   25   30   20   32   45

PRESSURE ALT          *    *    *    *    *    *    *    *    *    *    *    *    *

6. MEAN CLOUD COVER (8THS) / THUNDERSTORMS / FOG / BLOWING SAND & DUST (BNBD)

CLD COVER        1    3    3    3    3    4    4    5    5    4    3    3    3    4

DAYS TSTMS       1    0    0    0    #    #    1    2    1    #    #    #    #    5

DAYS FOG LT 7    1   17   10   11   10   11   15   18   15   18   20   17   17  179

DAYS BNBD LT 7   1    0    #    #    #    #    0    0    0    0    0    0    0    1

REMARKS:  * = DATA NOT AVAILABLE     # = LT 0.5 DAY, OR 0.05 INCH, OR 0.5%, AS

          APPLICABLE     $ = % CALM GT PVLGN DRCTN

          › = BASED ONLY ON AVAILABLE DATA, I.E. LT 24 HRS/DAY, OR LT 12 MONTH/YR

          ANNUAL TOTALS MAY NOT EQUAL THE SUM OF MONTHLY TOTALS DUE TO ROUNDING

          @ = GUSTS NOT REPORTED VALUES ARE MAX SUSTAINED

5.3.5  Forecast Techniques/Rules of Thumb:  Under development.

5.3.6  Supported Aircraft Sensitivities:  AH-64 Apaches (Cat II aircraft)

5.3.6.1  Icing and turbulence:  Possesses anti-icing and deicing equipment.  May operate in areas of icing.  

May operate in areas of light to moderate turbulence.

5.3.6.2  Critical takeoff and landing elements:  Maximum allowable gust spread:  N/A.

5.3.6.3  Flight minimums:  Depends on airfield minimums and pilot qualifications.

5.3.6.4  Airborne severe weather capability:  None.

5.4  Camp Humphreys
5.4.1  Location and Topography:  Cp Humphreys is located about 35 miles south of Seoul, just to the southeast of Asan Bay.  There is a small mountain range about 7 miles south of Cp Humphreys with tops to 958 feet.  Larger mountains are located NE-E-SW, all within 20 miles with tops to 2293 feet directly south and tops above 1000 feet mainly southeast.  The Ansong River flows from the east to west toward the West Sea and passes 3 miles northwest of the airfield.  About 12 miles west of Cp Humphreys the river widens and empties into the Asan Bay, near Koon-ni Range.  The immediate area around Cp Humpreys is mostly agricultural and consists mainly of rice fields.  There are some rolling hills in the vicinity, but for the most part the elevations are less than 150 feet.  Urban areas are situated mostly to the northeast of the airfield.  Pyongtaek is 4 miles northeast and Seojeong-ja is 1 mile northeast.  Although Dujeong-ri is next to Cp Humphreys, to the south, most of the haze and smoke that affects the airfield comes from Pyongtaek and Seojeong-ja.

5.4.2  Local effects:  The numerous areas of water around Cp Humphreys has a significant effect on the local weather.  The abundant moisture is responsible for most of the fog and stratus which occurs in the area.  This is especially true from the spring through fall.  Generally flat terrain from the south through west allows advection of fog and stratus from the river, bay, or West Sea.  Even when no fog or stratus is over the Asan Bay/West Sea, the extra moisture advected with a light westerly wind at night can cause problems when combined with radiational cooling.  The Ansong River to the northwest can also contribute to the fog problem.  The river is very close to the airfield and fog is advected in during periods of light northwesterly flow.  When an easterly wind occurs during the night or early morning fog will normally not form, or will dissipate rapidly.  Since the mountains the east help to produce a downslope wind this results in a drying and adiabatically warming effect in the low levels.  Another good moisture source for fog are the irrigated rice fields which contain standing water during the growing season (May-September).  There are various seasonal effects from the local bodies of water.  The West Sea provides moisture for snowshowers during the winter as cold air is advected over the relativel warmer West Sea.  Although Cp Humphreys is somewhat protected, if the winds are from 260-300( then snowshowers will be advected over the airfield.  During the spring and summer land/sea breezes can set up during periods of weak pressure gradients.  The Asan Bay can channel winds when the prevailing direction is 270-310(, this is especially common during the winter after a frontal passage.  Thunderstorms occur mainly during spring through fall with most of the convective activity associated with the polar and monsoonal front.  Airmass thunderstorms usually occur further inland over the mountains.

5.4.3  Meteorological Sensor Location.


5.4.4  Climatology:

9.3.  Operational Climactic Data for Camp Humphreys
STATION: CAMP HUMPHREYS AIN SOUTH KOREA   STATION #: 471270             ICAO: RKSG

LOCATION: 3658N  12702E                   ELEVATION (FEET):   52        LST = GMT + 9

PREPARED BY: AFCCC/DOS, MAR 1995          PERIOD: 7301-9212

------------------------------------------------------------------------------------

        SOURCE NO.  JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT  NOV  DEC  ANN

1.  TEMPERATURE ( F)

EXTREME MAX    1-3   61   64   72   88   89   97   99  102   91   84   73   67  102

MEAN DAILY MAX   1   34   38   50   63   73   79   84   86   78   68   53   40   62

MEAN             1   26   30   40   53   63   71   77   78   68   56   43   32   53

MEAN DAILY MIN   1   16   21   31   42   54   63   71   71   61   47   35   23   45

EXTREME MIN    1/2  -18  -11   14   25   37   43   57   55   37   25   11   -8  -18

# DAYS GE 90     1    0    0    0    0    0    1    6    9    #    0    0    0   16

# DAYS LE 32     1   30   24   18    3    0    0    0    0    0    2   14   27  118

# DAYS LE 0      1    3    1    0    0    0    0    0    0    0    0    0    #    4

2.  PRECIPITATION (INCHES)

MAXIMUM        2/3  2.5  3.7  5.4  9.6  9.2 12.6 19.4 20.7 13.9 10.4  5.1  2.8 58.8

MEAN             2  1.0  1.0  2.0  3.1  3.2  5.5 10.5  8.7  5.0  2.2  2.1  1.1 45.4

MINIMUM          2  0.2    #  0.2  0.2  0.2  0.7  3.9  3.3  0.1  0.2  0.4  0.3 26.3

MAX 24 HR        2  0.9  1.6  2.4  3.9  3.9  4.4  7.1  7.0  7.6  6.2  2.4  0.9  7.6

# DAYS GE .01    2    7    6    7    8    7    9   14   12    8    7    9    7  101

# DAYS GE .5     2    1    1    1    2    2    3    6    5    3    1    1    1   27

3.  SNOWFALL (INCHES)

MEAN             2  6.5  3.2  0.4    #    0    0    0    0    0    #  0.3  2.7 13.1

MAXIMUM          2 23.4  7.7  6.5    #    0    0    0    0    0  0.1  5.5 13.0 29.2

MAX 24 HR        2  9.0  4.9  5.0    #    0    0    0    0    0  0.1  3.7  3.5  9.0

# DAYS GE 0.1    2    4    3    1    0    0    0    0    0    0    #    1    3   12

# DAYS GE 1.5    2    1    1    1    0    0    0    0    0    0    0    #    1    4

4.  MEAN RELATIVE HUMIDITY (%) / VAPOR PRESSURE (IN HG) / DEWPOINT ( F)

RH ( 6 LST)      1   79   79   83   85   87   90   92   92   92   91   86   82   87

RH (15 LST)      1   59   56   52   48   51   58   69   66   60   53   56   61   57

VAPOR PRESS      1  .11  .13  .18  .27  .40  .58  .78  .78  .56  .35  .22  .14  .38

DEWPOINT         1   18   21   30   41   52   62   71   71   61   48   35   24   45

5.  SURFACE WINDS 16 PT/KTS / 99.95% HIGHEST  PRESSURE ALTITUDE (FEET)

PVLG DRCTN       1   $W   $W   $W   $W   $W   $W   $E   $E   $E   $E   $E   $W   $W  

MEAN SPEED

(PVLG DRCTN)     1    5    6    7    7    7    5    5    5    5    4    4    6    6

MEAN SPEED

(ALL OBS)        1    3    4    4    5    4    4    4    4    3    3    3    3    4

MAX PEAK GUST    1   30   39   40   46   39   34   40   49   32   40   35   38   49

PRESSURE ALT          *    *    *    *    *    *    *    *    *    *    *    *    *

6. MEAN CLOUD COVER (8THS) / THUNDERSTORMS / FOG / BLOWING SAND & DUST (BNBD)

CLD COVER        1    3    3    4    4    4    4    5    4    4    3    3    3    4

DAYS TSTMS       1    0    #    #    1    1    2    4    4    1    1    1    #   15

DAYS FOG LT 7    1   22   18   22   20   18   23   22   20   20   22   19   23  249

DAYS BNBD LT 7   1    0    #    #    1    #    0    0    0    0    0    0    #    2

REMARKS:  * = DATA NOT AVAILABLE     # = LT 0.5 DAY, OR 0.05 INCH, OR 0.5%, AS

          APPLICABLE     $ = % CALM GT PVLGN DRCTN

          › = BASED ONLY ON AVAILABLE DATA, I.E. LT 24 HRS/DAY, OR LT 12 MONTH/YR

          ANNUAL TOTALS MAY NOT EQUAL THE SUM OF MONTHLY TOTALS DUE TO ROUNDING

5.4.5  Forecast techniques/Rules of Thumb:

5.4.5.1  Forecasting Fog/stratus. Forecasting fog is one of the most difficult, if not one of the most frustrating, jobs at Cp Humphreys.  Studies have been done in the past using Fog Stability Indices with no correlation observed.  As late as January 1998 forecasters were still without any useful tools to aid this aspect of forecasting.  Currently, Cp Humphreys has two tools to help identify the probability of fog in the morning and the limitation of flight visibility.

a.    One tool is the Fog Matrix, which uses winds and dew point depression at 06z (1500L) to estimate the chance of fog at sunrise.  This tool does very well in spring and summer, but seems to have a difficult time verifying during the Fall and Winter months.  Keep in mind, the Fog Matrix estimates when the ceiling and/or visibility will go below 3000/3 and 1000/2, not just fog.  To get an idea when to forecast fog or when to forecast a ceiling, evaluate the synoptic situation, and reference a weather seminar that covers that month.  It should be in the monthly review or preview climatology section.


b.  The second tool is a Fog Point Checklist, which walks the forecaster through 12 questions about the atmosphere and synoptic situation.  The forecaster assigns points for each question, tallying the final score and comparing it to a chart.  This chart estimates visibility restriction the following morning.  Its limitations lie in the forecaster’s ability to forecast the weather (a Catch 22 situation - the forecaster is trying to estimate the morning’s weather, but must know what the weather will be in order to estimate it)

Some notes every forecaster should know about the visibility at Camp Humphreys:

a.  Fog rarely forms with low-level winds out of the east unless precipitation is forecast.

b.  Snow will drop visibility down to virtually nothing in seconds flat.  See SNOW section of this binder.

c.  Smoke from burning fields will add to any haze problems.

d.  Haze is a serious problem during the Summer afternoons.  Generally, the haze layer starts at 200 feet above the surface.  Visibility can be 5 miles at the surface, but visibility at 1000 feet at the same time will be 2 miles.  Visibility is especially bad in the Seoul area, usually half the distance Camp Humphreys can observe due to intense pollution problems.  Every forecaster should fly with a Dustoff mission to Yongsan in May or June to prepare for this.
e.  Thunderstorms in the vicinity during a late summer afternoon will add to the haze problem for a couple of hours.

f.  During the months of July and August there appears to be an unusual haze event.  At Midnight the visibility will drop due to haze.  Gradient level winds around lunchtime were from 070 to 090.  By 0200L, however, the haze clears out and visibility returns to normal.  Forecasters will be tempted to forecast fog from hell at the Midnight TAF when they see this, only to get frustrated when the visibility clears up in a few hours.  So far the only explanation of this is pollutants from Pyongtaek is advected into the area and clears up quickly.  See August 96 Weather Seminar.

g.  During the Winter months, “frost” fog becomes a problem.  Visibility will be beautiful at sunrise and frost on the ground with temperatures near freezing.  As the sun continues to rise, the frost melts and sublimates, adding to the relative humidity and suddenly dropping visibility down to Cat A or B an hour or two after sunrise.  This fog lasts 3 to 4 hours and is fairly shallow, but another moment for forecasters to pull out their hair.  This has been documented in the November 96 Weather Seminar.

h.  Despite everything you read in the End of Tour Reports, don’t rely on which species of animal is causing the pleasant aroma of fecal matter to forecast fog.  Just because you smell pig waste or cow waste does not mean anything except which direction the wind is blowing.

i.  A big note for forecasters to remember:  If the winds are out of the northwest and are not expected to change direction, and a fog bank is observed over the 3rd MI area, issue the advisory for ceiling and visibility less than 500 ft and/or 1 mile.  In about 30 minutes it will verify and you will get your 30-minute lead-time.  

Further fog studies are continually being done, and each month a mini-climo table should be constructed during the monthly seminars (See Weather Seminars binder).  Use these tools as a guide, not as a guaranteed promise.  A forecaster should evaluate the synoptic situation and add the tools’ results as only a part of his/her forecast.  Remember, nothing is guaranteed in weather.

1.  FORECAST CHECKLIST FOR STRATUS/FOG (DEC-FEB)

a.  Surface wind direction at 1500L


(DO NOT use "VRB" as a direction)
_____________

b.  Surface temperature ('C) at 1500L
_____________

c.  Surface dew point ('C) at 1500L

_____________

d.  Dew point depression  (1b - 1c)

_____________

e.  Was visibility less than 7 miles

     this morning?



_____________

f.  Will there be precipitation from

     1500L to 0300L?


_____________

2.  STEPS FOR STRATUS/FOG

a.  If  1.e. is NO, there is only a 9% chance of less than 3000/3.  STOP.

b.  If there was precipitation during the day prior, there is only a 20% chance of less than 3000/3.  STOP.

c.  If temperatures drop below -7 degrees Celsius there is only a 25% chance of less than 3000/3 (12% when temperatures drop below -9 degrees).  STOP.

d.  Enter the diagram using 1a and 1d.

e.  The highlighted stratus/fog area in the eastern quadrant will bring conditions below 3000/3 100% of the time if 1.f. is YES.  Otherwise use the values indicated.

f.  If the plot does NOT fall within a <3000/3 area, DO NOT continue to the <1000/2

chart. 
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1.  FORECAST CHECKLIST FOR STRATUS/FOG (MARCH - MAY)

a.  Surface wind direction at 1500L


(DO NOT use "VRB" as a direction)
_____________

b.  Surface temperature ('C) at 1500L
_____________

c.  Surface dew point ('C) at 1500L

_____________

d.  Dew point depression  (1b - 1c)

_____________

e.  Was visibility less than 7 miles

     this morning?



_____________

f.  Will there be precipitation from

     1500L to 0300L?


_____________

2.  STEPS FOR STRATUS/FOG

a.  If  BOTH 1e and 1f are NO, there is only a 17% chance of 3000/3 or 9% chance

of 1000/2 when winds are from 240 to 310 degrees.  STOP.

b.  Enter the diagram using 1a and 1d.

c.  The highlighted stratus/fog area in the eastern quadrant is valid ONLY when 1.f.  is YES.

 Otherwise forecast VFR.

d.  If the plot does NOT fall within a <3000/3 area, DO NOT continue to the <1000/2

chart. 
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1.  FORECAST CHECKLIST FOR STRATUS/FOG (JUNE-SEPTEMBER)

a.  Surface wind direction at 1500L


(DO NOT use "VRB" as a direction)
_____________

b.  Surface temperature ('C) at 1500L
_____________

c.  Surface dew point ('C) at 1500L

_____________

d.  Dew point depression  (1b - 1c)

_____________

e.  Was visibility less than 7 miles

     this morning?



_____________

f.  Will there be precipitation from

     1500L to 0300L?


_____________

2.  STEPS FOR STRATUS/FOG

a.  If  dew point (‘C) is less than 15 degrees, there is only a 16% chance of 3000/3 or less.

b.  If surface visibility was unrestricted in the morning, there is a 20% chance of 3000/3 or less the following morning.

c.  Enter the diagram using 1a and 1d.

d.  The highlighted stratus/fog area in the eastern quadrant is valid ONLY when 1.f.  is YES.

 Otherwise forecast VFR (less than 20% chance of 3000/3 or less).

e.  If the plot does NOT fall within a <3000/3 area, DO NOT continue to the <1000/2

chart. 
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1.  FORECAST CHECKLIST FOR STRATUS/FOG (OCT-NOV)

a.  Surface wind direction at 1500L


(DO NOT use "VRB" as a direction)
_____________

b.  Surface temperature ('C) at 1500L
_____________

c.  Surface dew point ('C) at 1500L

_____________

d.  Dew point depression  (1b - 1c)

_____________

e.  Was visibility less than 7 miles

     this morning?



_____________

f.  Will there be precipitation from

     1500L to 0300L?


_____________

2.  STEPS FOR STRATUS/FOG

a.  If  BOTH 1e and 1f are NO, there is only a 13% chance of less than 3000/3.  STOP.

b.  Enter the diagram using 1a and 1d.

c.  The highlighted stratus/fog area in the eastern quadrant is valid ONLY when 1.f.  is YES.

 Otherwise forecast VFR (less than 25% chance of 3000/3 or less).

d.  If the plot does NOT fall within a <3000/3 area, DO NOT continue to the <1000/2

chart. 
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5.4.6  Supported Aircraft Sensitivities:

5.4.6.1  AH-64 Apache  (Cat II)

5.4.6.1.1  Icing and turbulence:  Possesses anti-icing and deicing equipment.  May operate in areas of icing.  

May operate in areas of light to moderate turbulence.

5.4.6.1.2  Critical takeoff and landing elements:  Maximum allowable gust spread:  N/A.

5.4.6.1.3  Flight minimums:  Depends on airfield minimums and pilot qualifications.

5.4.6.1.4  Airborne severe weather capability:  None.

5.4.6.2  CH-47 Chinook  (Cat II)

5.4.6.2.1  Icing and turbulence:  Limited deicing equipment.  May operate in areas of light to moderate icing.  May operate in areas of light to moderate turbulence.

5.4.6.1.2  Critical takeoff and landing elements:  Maximum allowable gust spread:  N/A.

5.4.6.1.3  Flight minimums:  Depends on airfield minimums and pilot qualifications. 

5.4.6.1.4  Airborne severe weather capability:  None.

5.4.6.3  UH-60 Blackhawk (Cat II aircraft)

5.4.6.3.1  Icing and turbulence:  Possesses deicing equipment.  Icing will degrade operations.  

May operate in areas of light to moderate turbulence.

5.4.6.3.2  Critical takeoff and landing elements:  Maximum allowable gust spread:  15kts

5.4.6.3.3  Flight minimums:  Depends on airfield minimums and pilot qualifications.

5.4.6.3.4  Airborne severe weather capability:  None.

5.4.6.4  DHC-7 (Cat II aircraft)

5.4.6.4.1  Icing and turbulence:  Operates in up to moderate icing.  In order to maintain flight level with an extremely heavy payload this aircraft flies at an unusually steep angle.  This increases its tendency to accumulate icing.  Any icing forecast for normal aircraft should be bumped up a category specifically for this aircraft.  May operate in areas up to moderate turbulence.

5.4.6.4.2  Critical takeoff and landing elements:  Maximum allowable crosswind:  25kts.

5.4.6.4.3  Flight minimums:  Depends on airfield minimums and pilot qualifications.

5.4.6.4.4  Airborne severe weather capability:  Yes.

5.5  Osan AB
5.5.1  Location and Topography: Osan AB is located at 37. 5°N 127. 2°E in a section of the Republic of Korea known as the Western Lowlands.  The field elevation of the east-west (09-27) runway is 38 feet above sea level.  The lowland features of the surrounding terrain end rather abruptly north and northeast of the air base.  Three well defined ridges begin approximately eleven miles north through northeast from Osan AB.  They are oriented north-south, with heights varying from 1600' MSL to 2000' MSL. More gradual terrain changes occur east through south of the base for about 25 miles.  However, even in this area of gradual sloping conditions, some isolated hilltops do extend to 1000' MSL.  An irregular chain of mountains with heights to 2200' MSL lies 25 miles east-southeast through south of the base.  The western rim of the Southern Taebaek and Sobaek mountain ranges lie 40 miles northeast through southeast of the base. 

5.5.2  Local Effects:  Three separate valleys merge in the vicinity of Osan AB to form a relatively large flat basin about 5 miles long and 2-4 miles wide.  The undulating hills that border these valleys rise to heights of 600' MSL. The Chinwi River flows westward parallel to the runway, and joins the Hwanggai-Chon (river) one mile west of the field.  The Yellow Sea is approximately 12 miles due west, with one inlet to the southwest coming to within 6 miles of the base.  The base is also surrounded by rice paddies, which enhance the already abundant moisture source affecting the area.  As the amount of moisture available would indicate, fog is one of the major forecasting problems for Osan AB.  The hills from northwest through east through southwest shield Osan from most strong winds (30 kts), but also tend to produce mechanical turbulence when gradient level winds/2000 ft are in excess of 15-20 kts.  Wind flow between 260° and 300° is practically unimpeded allowing strong moisture advection from the Yellow Sea.  This often results in sea fog/stratus during the spring and fall, and snowshowers during the winter.

5.5.3  Meteorological Sensor Location


5.5.4  Climatology

Operational Climatic Data for Osan AB
STATION:  OSAN AB SOUTH KOREA           STATION #: 471220             ICAO: RKSO

LOCATION: 3705N  12702E                 ELEVATION (FEET):   39        LST = GMT + 9

PREPARED BY: AFCCC/DOS, MAR 1995        PERIOD: 7301-9212

------------------------------------------------------------------------------------

        SOURCE NO.  JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT  NOV  DEC  ANN

1.  TEMPERATURE ( F)

EXTREME MAX    1-4    56   65   72   85   90   96   97  100   93   84   72   65   99

MEAN DAILY MAX   1    35   39   50   63   73   80   84   86   78   68   54   41   63

MEAN             1    26   30   40   53   63   72   77   78   68   56   43   31   53

MEAN DAILY MIN   1    16   21   31   42   54   64   71   71   60   46   34   23   45

EXTREME MIN    1-4   -16  -17   12   21   37   48   55   53   36   25    9   -9  -17

# DAYS GE 90     1     0    0    0    0    #    1    6    9    #    0    0    0   16

# DAYS LE 32     1    31   26   19    3    0    0    0    0    0    2   16   27  124

# DAYS LE 0      1     2    #    0    0    0    0    0    0    0    0    0    1    3

2.  PRECIPITATION (INCHES)

MAXIMUM        3/4  4.2  4.4  6.1 17.5  9.7 14.9 24.0 31.8 16.1  9.5  5.9  4.8 76.0

MEAN             3  1.0  1.0  2.3  4.6  3.1  5.3 14.8  8.3  7.0  1.8  1.6  1.3 42.1

MINIMUM        3/4  0.1  0.1  0.1  0.3  0.4  0.2  4.7  1.5  0.1  0.1  0.3  0.2 31.2

MAX 24 HR      3/4  1.1  2.1  2.4  5.8  4.5  5.5 10.2 10.0 11.4  5.6  4.5  2.3 11.4

# DAYS GE .004   3    7    4    7    9    8   10   16   11    9    6    8    6  101

# DAYS GE .5          *    *    *    *    *    *    *    *    *    *    *    *    *

3.  SNOWFALL (INCHES)

MEAN             4    7    3    1    #    0    0    0    0    0    #    1    3   15

MAXIMUM          4   31   10    9    #    0    0    0    0    0    #    5   19   48

MAX 24 HR        4   10    6    6    #    0    0    0    0    0    #    4   11   11

# DAYS GE TRACE  3    9    5    2    #    0    0    0    0    0    *    1    4   21

# DAYS GE 1.5         *    *    *    *    0    0    0    0    0    *    *    *    *

# DAYS SNOW 

       COVER     3    7    2    #    *    0    0    0    0    0    *    *    1   11

        4.  MEAN RELATIVE HUMIDITY (%) / VAPOR PRESSURE (IN HG) / DEWPOINT ( F)

RH ( 6 LST)      1   74   75   78   81   81   82   86   87   86   85   78   76   81

RH (15 LST)      1   53   51   47   45   48   55   67   63   56   50   52   55   54

VAPOR PRESS      1  .10  .12  .17  .26  .39  .56  .75  .75  .53  .33  .20  .13  .36

DEWPOINT         1   16   20   29   40   50   61   70   70   59   46   33   22   43

5.  SURFACE WINDS 16 PT/KTS / 99.95% HIGHEST  PRESSURE ALTITUDE (FEET)

PVLG DRCTN       1 $ENE   $W   $W   $W   $W   $W   $E   $E $ENE $ENE $ENE $ENE $ENE

MEAN SPEED

(PVLG DRCTN)     1    3    6    7    7    6    5    4    4    3    3    3    3    5

MEAN SPEED

(ALL OBS)        1    3    4    4    4    4    3    4    3    3    3    3    3    3

MAX PEAK GUST  1/4   38   39   48   43   39   42   47   51   40   45   42   44   51

PRESSURE ALT          *    *    *    *    *    *    *    *    *    *    *    *    *

6. MEAN CLOUD COVER (8THS) / THUNDERSTORMS / FOG / BLOWING SAND & DUST (BNBD)

CLD COVER        1    3    3    4    4    4    4    5    4    4    3    3    3    4

DAYS TSTMS       1    0    #    #    1    2    2    4    4    1    1    1    #   15

DAYS FOG LT 7    1   22   19   23   22   22   23   23   21   23   27   24   24  274

DAYS BNBD LT 7   1    0    #    #    1    #    0    0    #    0    0    0    #    1

REMARKS:  * = DATA NOT AVAILABLE     # = LT 0.5 DAY, OR 0.05 INCH, OR 0.5%, AS

          APPLICABLE     $ = % CALM GT PVLGN DRCTN

          › = BASED ONLY ON AVAILABLE DATA, I.E. LT 24 HRS/DAY, OR LT 12 MONTH/YR

          ANNUAL TOTALS MAY NOT EQUAL THE SUM OF MONTHLY TOTALS DUE TO ROUNDING

5.5.5  Forecast techniques/Rules of Thumb

5.5.5.1  Thunderstorms

5.5.5.1.1  Airmass thunderstorms occur infrequently due to insufficient surface heating.  Exception:  With southwesterly winds at all levels throughout the day, look for convection to form after 1500L.

5.5.5.1.2  Any trough or front in the West Sea will set off isolated rainshowers along the west coast from Kunsan to Osan between 05-11L with broken low and mid level clouds. Thunderstorms are likely to develop in that area after 12L and move northeast.

5.5.5.1.3  In July, if winds are observed between 230-290 degrees at 850mb, and the temperature
difference between 850mb and 500mb levels is 23-25 degrees C, forecast thunderstorms between 14 and 18L.

5.5.5.1.4  If precipitation is occurring along the east coast and low level flow is easterly at 10-15 knots, intermittent showers and thunderstorms will advect towards the west into the Osan area around 16-18L, and dissipate over the West Sea.

5.5.5.1.5  SEVERE THUNDERSTORM THREAT INDICIES
	INDEX
	LOW
	MODERATE
	HIGH

	
	
	
	

	SSI
	>= 3
	2 to -3

	< -3

	KO
	>= 3
	2 to 0

	< 0

	      K Index
	< 26
	26 to 35
	> 35

	               LI
	> = -3
	-4 to -5
	< -5

	       SWEAT
	< 300
	300 to 400
	> 400

	               TT
	< 50
	50 to 55
	> 55

	               VT
	< 29
	29 to 32
	> 32

	XT
	< 22
	22 to 30
	> 30



Notes:

1.  LI is most reliable when significant moisture is located beneath 850mb.

2.  TT is most reliable when instability is due primarily to CAA aloft.

3.   KI with low values indicate a 700mb dry tongue.

5.5.5.2  Rain

5.5.5.2.1  When the Polar Front is situated in the vicinity of Cheju-Do during June or July, and a ridge or cell of high pressure (greater than 1010mb) appears over the East Sea on the surface, rain should be forecast to occur at Osan within 48 hours.

5.5.5.2.2  Heavy rain episodes usually occur when the 850mb flow is30 knots or greater out of the southwest.

5.5.5.2.3  In a warm airmass with a southwesterly component, cloudiness and precipitation will be abundant under cyclonic and sometimes straight flow.  Clouds and precipitation will be absent with anticyclonic flow.

5.5.5.2.4  Heavy precipitation normally occurs in those areas with temperature and dewpoint depressions of 5 degrees or less (</= 3 is ideal) from 850mb through 500mb and/or the cloud tops reach or exceed the -20 degree isotherm.

5.5.5.2.5  Skew-T Analysis

Are winds above the 500mb level from the SW through N?


Y / N

 Is the SSI and/or Fawbush Miller Index negative?



Y / N

Are the low level winds (below 850mb) advecting moisture into the area?
Y / N

Is the 850mb wind max advecting into our area 30 knots or more?

Y / N

Is the mean RH between the surface and 500mb 80% or greater?

Y / N
Number of “yes” answers guide you to the intensity of the precipitation:

	4-5
	Yes =
	RW+ / R+

	3
	Yes =
	RW / R

	2
	Yes =
	RW- / R-

	1
	Yes =
	TEMPO / VC

	0
	Yes =
	No Precipitation


5.5.5.3  Heavy rain checklist:  (Heavy rain for this checklist is defined as at least 5” in 24 hour.)  This is a very good checklist to use during monsoon season and is applicable to any location in the ROK.  It can be used with both the current analysis as well as a “prog” that is handling the situation well.


STEP

ACTION




Heavy rain limits

  1 

Draw the 300mb jet axis.


South of axis.


  2

Draw the 500mb minor trough

Between the trough and ridge




and the ridge to the east.


toward the southern portion of trough.


  3

Draw the 500mb moisture area

Within the moist zone.




where T-Td < 6(C.


  4

Draw the 850mb moisture area

Northern edge of moist tongue.




where Td > 14(C (Note: If a lower




value such as 12(C appears more useful




use it and label the analysis.


  5

Draw in fronts.



Cold air side (overrunning).


  6

Are there any common overlapping

If NO--STOP




areas to identify a Heavy rain zone?

If YES--continue to next step.


  7

Analyze the latest Skew-T (also can




use upstream or forecast sounding) and




answer the following.



A.  Are winds above 500mb from the SW-W?
YES_____   NO______



B.  Is the SSI negative (or forecast to be negative)?
YES_____   NO______



C.  Are winds below 850mb advecting moisture



     into the area?




YES_____   NO______



D.  Is the mean RH% between surface and 



      500mb > 80%?




YES_____   NO______


  8  The number of “yes” answers in step 7 determines the odds of Heavy rain occuring in the heavy rain 


      zone.  


  4 “yes” answers = +RA/+SHRA


  3 “yes” answers = RA/SHRA


  2 “yes” answers = -RA/-SHRA


  1 “yes” answer = VCRA/VCSHRA


  0 “yes” answers = no rain

5.5.6  Supported Aircraft Sensitivities:

5.5.6.1  F-16 Fighting Falcon  (Cat II)

5.5.6.1.1  Icing and turbulence:  Operations should be planned to minimize duration of icing conditions.  Turbulence may mission and aircraft performance.

5.5.6.1.2  Critical takeoff and landing elements:  Maximum allowable crosswind:  25 knots.

5.5.6.1.3  Flight minimums:  Depends on airfield minimums and pilot qualifications.

5.5.6.1.4  Airborne severe weather capability:  On board systems can depict severe weather when in ground mode.

5.5.6.2  A-10 Warthog (Cat III)

5.5.6.2.1  Icing and turbulence:  Possesses anti-icing wind screen.  Light icing may degrade mission.  Can’t operate in areas of forecasted moderate icing.  May operate in areas of light turbulence.  Avoid moderate or greater turbulence.

5.5.6.2.2  Critical takeoff and landing elements:  Maximum allowable crosswind:  25 knots.

5.5.6.2.3  Flight minimums:  Depends on airfield minimums and pilot qualifications.

5.5.6.2.4  Airborne severe weather capability:  None.

5.5.6.3  C-12 Beechcraft 200  (Cat II)

5.5.6.3.1  Icing and turbulence:  Operates in up to moderate icing.  Flight in severe or extreme icing is prohibited.  Aircraft is equipped with anti-icing and deicing equipment.  Operates in up to moderate turbulence.  Flight in severe or extreme turbulence is prohibited.

5.5.6.3.2  Critical takeoff and landing elements:  Maximum crosswind:  25 knots.

5.5.6.3.3  Flight minimums:  Depends on airfield minimums and pilot qualifications.

5.5.6.3.4  Airborne severe weather capability:  Has weather radar and storm scope.

5.5.6.4  U-2  (Cat II)

5.5.6.4.1  Icing and turbulence:  Can’t operate in areas where icing is forecast.  Induction icing thresholds are dewpoint depression < 4(C or fog present.  Will avoid all areas of more than occasional light turbulence.

5.5.6.4.2  Critical takeoff and landing elements:  Maximum crosswind:  15 knots.  RCR-specific crosswind criteria:  wet: 15 knots   Icy: 5 knots.  Visibility/RVR:  Night recovery visibility: > 1nm.  Night launch visibility: > ½ nm.  Takeoff RVR:  > 1600 (can be waived to > 1000).  Landing RVR: > 2400.

5.5.6.4.3  Significant weather:  Must avoid all thunderstorms by 10nm below FL230 and by 20nm above FL230.  Can’t launch with thunderstorms within 10nm.  Must avoid all freezing precipitation.

5.6  Kunsan AB
5.6.1  Location and topography:  Kunsan AB lies along the southwestern coast of the Republic of Korea at 35( 54’N and 126( 37’E.  Elevation of the runway is 29 feet above MSL.  The West Sea faces the base along with numerous off-shore islands.  The West Sea is a major year-round weather influence, especially in regard to sea fog, instability snow showers, and sea breeze development.  The southern flank of Kunsan faces a large inlet to the West Sea.  The terrain north of the base consists of relatively flat coastal plains and is known as the Honam Plain.  4 nm to the north, Kum-Gang (river) empties into the West Sea.  Several hilly islands with peaks up to 270 ft are located 2-3 nm northwest of the base.  A large reservoir is located 2 nm ENE and is a significant moisture source which aids in the development of radiation fog, especially during the autumn months.  The terrain NNE through ESE develops into rolling hills.  A north-south oriented range of hills is located 2 nm to the east with elevations as high as 413 ft.  A second set of hills are located 10 nm east of the base with elevations up to 728 ft.  Beyond 30 nm east, the terrain generally increases to greater than 1,000 ft as hills and mountains become more prominent.

5.6.2  Local effects:  The land-sea breeze is established when synoptic scale pressure gradients across Korea are relatively weak.  In the absence of large scale pressure gradients, surface winds at Kunsan become light and variable by midnight.  As the early morning progresses, winds will become light and east-southeasterly.  By late morning or noon, a sea breeze front forms along the coast and pushes eastward.  As the front pushes past Kunsan AB, winds will shift to northwesterly at 6-12 knots.  In the summer months, the sea breeze front is evident as a well defined arc of cumulus/cumulonimbus clouds extending from north-northwest to east to 

south-southwest of Kunsan AB.  Sea fog, usually a spring phenomena, causes dramatic decreases in ceiling and visibilities.  A bright and sunny day can give way to a 500 ft ceiling and ½ mile visibility within 5 minutes.  Limited observer visibility to the northwest makes early detection difficult.  It’s important to educate the Supervisors of Flying (SOFs) and ATC tower personnel on this event.  During each sea fog episode ceilings and visibilities can fluctuate through several categories over a short period of time.  Radiation fog, while not as prevalent as at Osan AB, does impact flight operations and can occur almost any time of the year.  However, an advection radiation fog situation which sets up mainly in the early autumn is the most challenging for observers.  Radiational cooling coupled with the warm waters of the reservoir 2 miles east of the base allow for fog development.  Depending on the strength of the land breeze, this fog may advect from the water source over the base.  Visibilities of 3-5 miles may suddenly drop to less than a miles as the fog moves in.  In late May, early June, and October, surface visibilities become restricted due to Korean farmers burning barley and rice fields.  Field burns, coupled with light land breeze (ESE) wind in the morning, can reduce visibilities often to less than 1 mile.  This problem lessens in the afternoon as the sea breeze becomes established.  Instability snow showers occur from mid-November through early February as cold air rushes in over the warmer waters of the West Sea.  Within a snow shower the ceiling and visibility fluctuates rapidly.

5.6.3  Meteorological Sensor Locaton:

                               
[image: image19.png]



5.6.4  Climatology

Operational Climatic Data for Kunsan AB
STATION:  KUNSAN AB SOUTH KOREA         STATION #: 471410             ICAO: RKJK

LOCATION: 3554N  12637E                 ELEVATION (FEET):   30        LST = GMT + 9

PREPARED BY: AFCCC/DOS, MAR 1995        PERIOD: 7301-9212

-----------------------------------------------------------------------------------

        SOURCE NO.  JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT  NOV  DEC  ANN

1.  TEMPERATURE ( F)

EXTREME MAX    1-4   57   63   72   81   91  100   99   99   94   84   75   67  100

MEAN DAILY MAX   1   38   40   48   59   69   75   82   85   78   68   55   44   62

MEAN             1   32   35   42   53   62   70   78   80   71   60   48   37   56

MEAN DAILY MIN   1   26   28   36   47   56   65   74   75   65   53   41   31   50

EXTREME MIN    1-4    3    8   17   27   42   50   61   60   46   32   19    5    4

# DAYS GE 90     1    0    0    0    0    #    #    4    7    #    0    0    0   12

# DAYS LE 32     1   28   21    9    #    0    0    0    0    0    #    5   19   80

# DAYS LE 0      1    0    0    0    0    0    0    0    0    0    0    0    0    0

2.  PRECIPITATION (INCHES)

MAXIMUM        2/4  4.8  5.0  9.2  9.3  8.6 12.8 22.0 15.5 14.1  5.1  9.6  5.2 70.3

MEAN             2  1.8  1.3  2.2  4.3  3.5  5.1  9.5  6.3  5.8  1.9  1.9  1.1 44.7

MINIMUM        2/4  0.3    #  0.2  0.9  0.4  0.7  2.9  1.1    #    #  0.6  0.8 31.0

MAX 24 HR      2/4  1.6  1.9  2.8  4.3  4.3  5.9  6.9  7.9  8.2  3.3  2.1  1.3  8.2

# DAYS GE .004   2   11    7    6    8    7   10   13   10   10    6    7   10  105

# DAYS GE .4     2    1    1    2    4    3    4    7    4    4    2    2    1   34

3.  SNOWFALL (INCHES)

MEAN             4   14    4    1    #    0    0    0    0    0    #    3   13   35

MAXIMUM          4   48   16    4    #    0    0    0    0    0    1   21   48   73

MAX 24 HR        4   12    6    3    #    0    0    0    0    0    #   10   14   14

# DAYS GE TRACE  3   13    7    2    #    0    0    0    0    0    *    1    7   30

# DAYS GE 1.5         *    *    *    *    0    0    0    0    0    *    *    *    *


4.  MEAN RELATIVE HUMIDITY (%) / VAPOR PRESSURE (IN HG) / DEWPOINT ( F)

RH ( 6 LST)      1   74   75   79   81   82   84   86   86   85   81   76   74   80

RH (14 LST)      1   62   62   62   64   65   70   75   70   65   58   59   61   64

VAPOR PRESS      1  .13  .15  .20  .30  .43  .59  .80  .82  .60  .39  .25  .17  .40

DEWPOINT         1   23   25   33   44   54   63   71   72   63   50   38   28   47

5.  SURFACE WINDS 16 PT/KTS / 99.95% HIGHEST  PRESSURE ALTITUDE (FEET)

PVLG DRCTN       1    N  NNW  NNW  $NW $WNW   $W $SSW   $E   $E    E    E    E   $E  

MEAN SPEED

(PVLG DRCTN)     1    9   11   10    9    7    5    9    4    4    4    4    4    7

MEAN SPEED

(ALL OBS)        1    7    7    7    6    5    5    5    5    5    5    6    6    6

MAX PEAK GUST  1/4   55   49   47   47   39   49   50   64   57   53   47   56   64

PRESSURE ALT          *    *    *    *    *    *    *    *    *    *    *    *    *

6. MEAN CLOUD COVER (8THS) / THUNDERSTORMS / FOG / BLOWING SAND & DUST (BNBD)

CLD COVER        1    4    4    4    4    4    4    4    3    3    3    3    4    4

DAYS TSTMS       1    #    #    #    1    1    2    3    3    1    1    1    #   13

DAYS FOG LT 7    1   16   14   19   19   18   22   20   17   19   19   16   15  213

DAYS BNBD LT 7   1    #    #    #    1    #    0    #    #    0    #    #    #    2

REMARKS:  * = DATA NOT AVAILABLE     # = LT 0.5 DAY, OR 0.05 INCH, OR 0.5%, AS

          APPLICABLE     $ = % CALM GT PVLGN DRCTN

          › = BASED ONLY ON AVAILABLE DATA, I.E. LT 24 HRS/DAY, OR LT 12 MONTH/YR

          ANNUAL TOTALS MAY NOT EQUAL THE SUM OF MONTHLY TOTALS DUE TO ROUNDING

5.6.5  Forecast Techniques/Rules of Thumb

5.6.5.1  Lake Effect Snowshowers:  Caused by cold air being advected over a warmer (sea or lake) water surface.  The heat and available moisture source causes convection to take place, which is then advected downstream by the localized wind flow.  The resultant weather is instability showers that form in bands and cause large quantities of locally heavy snow when conditions are right.  The ideal scenario is for a low pressure system to be in place generally to the east of Kunsan.  The cyclonic flow around the low produces a fetch (cold, dry winds exposed to the warm, moist sea) that causes a band of showers to form and advect inland.

5.6.5.1.1  Showers will generally form when the sea surface temperature (SST) is at least 17(C warmer than the airmass over it.  Subtract the 850mb temperature from the SST to determine the difference.  If  the difference is 20(C or more then heavy snow is likely.

5.6.5.1.2  Another factor for formation is the presence of convergence or lift.  Lake-effect will form when there is cyclonic circulation on the surface and at 850mb or when there is anticylonic circulation on the surface and cyclonic circulation at 850mb.  Lake-effect will generally not form when there is anticyclonic circulation at 850mb regardless of what is happening on the surface.  However, a neutral flow (neither cyclonic or anticyclonic) at either level is still capable of supporting the lake-effect process.

5.6.5.1.3  The fetch is important in determining where the downwind end of the instability showers will reach.  In general, the fetch follows the gradient winds and must be at least 20 knots to keep the convection process alive.

5.6.5.1.4  Kunsan receives abundant lake-effect snow.  A westerly to northwesterly fetch will result in heavy snowfall along the coast to 20 miles inland.  Lake-effect sets up best when a slow moving 500mb low is north of north Korea and spins off a series of shortwave troughs around its center.  Showers will usually begin 8-12 hours after a frontal passage, but this can change depending on how fast the cold air moves in.  An 850mb wind speed of 20 knots or more with a direction of 280-330 is optimal.

5.6.5.1.5  Snowshower activity will be nearly continuous producing prevailing conditions of 2,000ft ceilings and 1 ½ - 2 miles.  During 700mb or 500mb trough passages the ceiling and visibility will frequently fall below 500/1 and can be as low as 100/ ¼.  Less intense systems will produce prevailing conditions of 3,000/7 and tempo conditions of 500/1.
5.6.5.1.6  Thickness and temperature parameters for snow versus rain with lake-effect.

5.6.5.1.6.1  November and December: SFC-500mb thickness: 528 for all snow, 528-532 for mixed, above 532 for all rain.  NOTE:  The more northerly the 850mb flow, the higher the rain/snow thickness threshold may be.

5.6.5.1.6.2  January:  SFC-500mb thickness:  532 for all snow, 532-536 for mixed.  Each lake-effect event is different.  Therefore, use these values as guidance only.

5.6.5.1.6.3  November and December:  850mb temperature near -8(C.

5.6.5.1.6.4  January:  850mb temperature near -5(C.

5.6.5.1.6.5  Freezing level of 1200 feet for all snow, 1600 feet for mixed.  During periods of enhanced convection the freezing level may drop, temporarily changing rainshowers to snowshowers until the stronger convection ends.

5.6.5.2  Land/sea breeze.  Determine whether this will occur at 0900L using the checklist below:


1.  Temperature (F) required (table 1)


______________


2.  Maximum temperature (F) expected today

______________


3.  Is the temperature favorable?  Is the value in step 2


     is less than in step 1 enter NO.  If it is the same or

 
     greater enter Yes.





______________


4.  Wind direction at 0900L




______________


5.  Is the direction favorable?  If it is from sea to land


     enter NO.  If it is from land to sea enter Yes.

______________


6.  Wind speed, in knots, at 0900L.



______________


7.  Is speed favorable?  If it is more than 9 knots


     enter NO.  If it is 9 knots or less enter YES.

______________


8.  Will a sea breeze pass the station today.  If NO has


     been answered for any step above enter NO.  If YES


     has been answered for steps 3, 5, and 7 enter YES.
______________

5.6.5.2.1  This table was developed using the monthly mean sea surface temperature (SST) +/- 6(F.  The table does not take into account the daily variations in SSTs each month.  SSTs will normally be cooler earlier in the month and warmer later in the month.  Use with this in mind.

Coastal areas: 1 - Southern ROK-Kunsan AB, 2 - Central ROK-Yongsan AIN

Temperatures are (Fahrenheit.

	Area
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	1
	49
	47
	50
	55
	62
	69
	76
	82
	78
	71
	61
	53

	2
	45
	44
	47
	52
	60
	68
	74
	82
	77
	70
	60
	52


5.6.5.2.2  Land/sea breezes are almost nonexistent from late fall to early spring.  The sea breeze front will typically move inland about 25-30 miles.  Wind direction is usually west-southwesterly with speeds about 8-12 knots but can reach 15-20 knots.  The sea breeze front can trigger afternoon thunderstorms along the hills and ridges northeast through southeast of Kunsan.  These thunderstorms typically are stationary or drift eastward.  Thunder is heard but only the local flying patterns to the east are affected.

5.6.5.3  Sea fog/stratus.  

5.6.5.3.1  Sea fog forms over the West Sea from late March through August with the maximum occurrences in June and July.  The key to forecasting sea fog is to locate colder pockets of water and determine the low-level windflow.  If the surface dew point is higher than the sea-surface temperature sea fog is likely.

5.6.5.3.2  As the West Sea warms up during the late spring the low, dense morning stratus is replaced by thin layers at 800 to 2,000 feet.  Fog sometimes forms instead of stratus, especially if haze or dust were present at sunset the previous evening.

5.6.5.4  Radiation fog.  Most heavy fog occurs around sunrise with surface winds 090-120 and < 5kts.  This is the direction of downslope winds which should inhibit fog.  However, this event occurs because of the abundant rice paddies and ponds near the base.  When low (1,000-1,500 ft) scattered SC or flat cumulus is observed just east of Kunsan, over the adjacent hills, dense fog will occur shortly after sunset.  In winter, if there is a small difference between maximum and minimum temperatures on the same day and a steady decrease in the temperature/dew point spread, forecast fog with minimum visibility between 0700-1030L.

5.6.6  Supported Aircraft Sensitivities:

5.6.6.1  F-16 Fighting Falcon  (Cat II)

5.6.6.1.1  Icing and turbulence:  Operations should be planned to minimize duration of icing conditions.  Turbulence may mission and aircraft performance.

5.6.6.1.2  Critical takeoff and landing elements:  Maximum allowable crosswind:  25 knots.

5.6.6.1.3  Flight minimums:  Depends on airfield minimums and pilot qualifications.

5.6.6.1.4  Airborne severe weather capability:  On board systems can depict severe weather when in ground mode.

Chapter 6

Local Topography and Climatology for north Korean Locations

6.1  Anju.  Anju is located on the south bank of the Ch'ongch'ong River, 10 miles east-northeast (upstream) of its junction with the Taenyong River.  The combined rivers flow 9 miles to the southwest before emptying into Korea Bay--an arm of the West Sea.  The relatively flat coastal plains rapidly change to a series of irregular, steep ridges beyond 8 to 15 miles inland from the Korea Bay coast.  The Ch'ongch'ong River Valley is about 5 miles wide at Anju.  Mountains north of Anju rise to 2,400 feet within 7 miles;  the mountains rise to 5,770 feet, 6 miles south at Mount Madu.  Ridge orientations are generally northwest to southeast or northeast to southwest.  The plains are intensely cultivated. 

6.1.1  Semipermanent Meteorological Features.  While migratory high- and low-pressure systems control the daily weather, four semi-permanent seasonal features are predominant. 

6.1.1.1  Siberian (or Asiatic) High.  Also called the Siberian or Mongolian high, this high-pressure cell results from the intensely cold winter air of central Asia and Siberia.  Forming in September, it reaches maximum strength in January and dissipates in mid-Spring.  The mean position is in south-central Mongolia, just south of Lake Baikal.  Cold, dry air flows southward from the high as far south as the northern Philippines.    

6.1.1.2  Okhotsk High.  Sea of Okhotsk highs result from colder air forming over melting sea ice in the East Sea during spring and early summer, and in the Sea of Okhotsk in early July.  This high strengthens onshore winds along the east coast and spreads cooler, moist air throughout the peninsula.  By mid-July, the Sea of Okhotsk ice has melted and the high dissipates.  If this high pressure cell is particularly strong, and/or the polar front is relatively weak, the summertime rains and warmer temperatures will be delayed by several weeks, or fail to occur entirely.  These conditions, leading to drought in north Korea, occur about once every 5 years.

6.1.1.3  Bonin (or North Pacific) High.  This permanent high-pressure area strengthens and moves northward during the summer.  It is strongest in July, with a mean central pressure of 1027 mb.  It ushers a steady southeasterly flow of warm, moist air into Korea behind the Changma front and is the dominant summer feature after the front passes to the north.  During the fall, the Bonin High moves southeast and weakens.

6.1.1.4  Sea Currents and Temperatures.  The West Sea has its own circulation pattern.  There is a very slow counter-clockwise gyre in Korea Bay for all but the coldest months of the year.  During January and February, however, the sustained northerly and northwesterly winds maintain an offshore drift.  Speed of the current is generally less than 0.5 knot throughout the year.  Sea-surface temperatures range from near 40(F (3(C) along the immediate shoreline from December through mid-March, to just below 75(F (23(C) in August. 

6.1.2  Synoptic Controls. 

6.1.2.1  Frontal Systems.  Frontal passages occur during any season of the year. They are usually accompanied by heavy rain in summer, light snow or snow showers in winter or, if dry, dust storms.  In the winter, frontal passages are often accompanied by strong winds which may last up to several hours, rapidly clearing skies, and a rapid building of high pressure behind the front.

6.1.2.1.1  Polar/Arctic Fronts.  Both polar and arctic frontal systems pass the Anju area from late fall through early spring.  The polar front passes south of Korea by early October, marking the start of cold-air outbreaks from Siberia.  The slower moving fronts may be modified by the West Sea during winter, but bring very little precipitation to Anju.

6.1.2.1.2  Changma (or Monsoon) Front.  The Changma front is merely the northward migration of the Polar front during the summer months.  Due to the southerly reversal of wind flow associated with the building Bonin High behind the front, the Changma brings unusually heavy rainfall throughout the Korean peninsula, often causing widespread flooding.  More than 60 percent of Korea’s total precipitation falls between the end of May and the end of September.  

6.1.2.2  Low Pressure Systems.  

6.1.2.2.1  Baikal Lows.  Baikal Lows move southeast from Lake Baikal in southern Central Siberia, recurve over Anju, and recurve northeastward towards Hokkaido.  They occur all year, but are most common in Spring.  Because of their long land trajectory, they often produce major dust storms over northeastern China and northern Korea.  Very strong systems pass over the intense, but very shallow, Asiatic High. 

6.1.2.2.2  Mongolian Lows.  Mongolian lows occur year-around and are the most common type of low pressure system affecting north Korea.  They form in southern Mongolia and track eastward across north Korea.  These lows are responsible for the “yellow wind” phenomenon of late winter and early spring.  During these times, yellow dust and sand is picked up from the Gobi Desert and is carried eastward through Korea.  Much of the sand settles out over China, but the remaining dust can cause significant restrictions to visibility for up to a week at a time.

6.1.2.2.3  West Sea Lows.  These lows often form on the Polar front while it is still quasi-stationary south of Korea.  They primarily affect Anju in May and June and, occasionally, in September or early October.  They produce 18 to 30 hours of heavy rain and poor flying weather.  Considerable flooding can result. 

6.1.2.2.4  Tropical Systems.  Those affecting Korea originate mostly east of the Philippines between 140 and 155 degrees E longitude and between 5 and 20 degrees N latitude.  Storms are most prevalent from early July through early September when, on the average, one or more crosses southern Korea.  Associated layered clouds and heavy rain can affect Anju. 

6.1.3  Local Effects. 

6.1.3.1  Land/Sea and Mountain/Valley Breezes.  These winds become noticeable only when no well-defined weather systems affect Anju.  Mountain (or drainage) winds reinforce the offshore land breezes--both occur from shortly after sunset to just after sunrise.  Sea breezes reinforce the valley wind--both occur inland and upslope from mid-morning to sunset.  Sea/valley breezes may reach 8 to 12 knots; mountain/land breezes are usually 5-7 knots. 

6.1.3.2  Mountain Waves.  During winter, strong, sustained low-level northerly winds produce mountain wave turbulence south of most ridges in the Anju area.  Some “channeling” or enhancement of wind speeds may occur in the Anju area and further upstream in the Ch’ongch’ong River Valley.  Gust speeds can be as much as 1.5 times higher than that normally expected. 

6.1.3.3  “Foehn” (or Chinook) Effects.  Mountains in the Anju area are high enough to cause mild foehn conditions with northerly through southeasterly winds.  Air forced down a mountain slope dries and warms;  relative humidity at the mountain's base is considerably lower than would be expected.  In extreme cases, January temperatures rise to above freezing.  Foehn effects generally last about 6-12 hours. 

6.1.3.4  Sea Conditions.  Sustained periods of late spring, summer, and fall onshore flow can produce heavy rains and Ch’ongch’ong River flooding;  this is most likely in summer during the monsoon, or when a rare tropical storm affects western Korea. 

6.1.4  Winter (late November-March).  The Siberian High builds throughout the winter season, reaching its maximum strength in January.  Shallow streams will often freeze completely to the bottom, while deeper streams will freeze to a depth of 2 to 3 feet.  A very reliable rule of thumb during the winter is Korea’s, “3 cold and 4 warm-day” cycle.  This time-tested axiom states the tendency for a 3-day cold spell to be followed by 4 days of milder weather.

6.1.4.1  Winds.  From November through February, winds from late morning through late afternoon are westerly to northwesterly at 8-15 knots with occasional gusts to 25 knots.  Afternoon gusts can exceed 30 knots during a fresh cold-air outbreak.  Night and early morning winds reflect mountain/land breeze influences.  Directions vary from northeast through southeast at 5-10 knots.  With weak low-level flow, early morning winds may become calm.  Strong winds are rare at Anju due to the sheltering effect of the river valley.  However, winds ahead of frontal systems, especially in March, may have southwesterly gusts exceeding 30 knots.  Speeds have reached 47 knots. 

6.1.4.2  Clouds.  Except during strong frontal passages, the only significant cloudiness forms over the mountains south of Anju and develops back northward over Anju with bases between 2,500 and 3,000 feet.  Skies clear by late afternoon.  Layered clouds accompany strong frontal systems; bases in the rare heavy snow shower may fall below 1,000 feet.  

6.1.4.3  Visibility.  Morning fog and/or smoke occurs about half of the mornings with   worst visibilities usually occurring between 0900 and 1100L.  By early afternoon, visibilities are usually above 7 miles.   

6.1.4.4  Precipitation.  From late November through early March, almost all precipitation falls as snow; accumulations are generally light, with monthly averages of less than 1.0 inch.  Daytime highs in November and March can be warm enough for precipitation to fall as rain.  Monthly precipitation totals average about 1.5 inches.  Greatest recorded 24-hour precipitation ranges from 0.4 inches in January to 1.5 inches in November. 

6.1.4.5  Snow Cover.  Snow cover is patchy.  Even in December and January, there is snow cover on only half the days.  Extreme snow depths are estimated to be slightly less than 12 inches. 

6.1.4.6  Significant Weather.  Thunderstorms are rare.  The greatest problems are mountain-wave-associated turbulence and low wind-chill temperatures that drop into the “very cold” range (<-25(F/-32(C) on 1 day in 3;  Wind chills in the “bitterly cold” range  (<-70(F/-60(C) have been recorded in each month from December through February. 

6.1.4.7  Temperatures.  Mean highs fall to 25(F (-4(C) in January;  mean lows in the same month reach 6(F 

(-14(C).  Extreme high readings have reached 40(F (5(C); extreme lows, -18(F (-28(C). 

6.1.4.8  Humidity.  Morning relative humidity is generally around 75 percent and decreases to around 55 percent by afternoon.

6.1.5  Spring (April-May).  By late-May, the Asiatic High disappears as the Changma front passes northward across the peninsula, producing on-shore winds, clouds, rain, and drizzle.  

6.1.5.1  Winds.  Winds generally range from southwesterly through westerly at 8-16 knots from late morning through late afternoon, with some gusts exceeding 20 knots.  These winds reflect the Ch’ongch’ong River Valley orientation and onshore sea/valley breezes.  Night and early morning winds are light and variable, or northeasterly through southeasterly at 4-7 knots under the influence of mountain/land breezes.  Winds associated with low-pressure systems and their associated fronts have reached 33 knots. 

6.1.5.2  Clouds.  Layered cloud decks begin to appear as frontal systems and lows become more common over southern Korea.  However, bases rarely drop below 1,500 feet.  Tops may exceed 35,000 feet, particularly associated with thunderstorms.  Outside of frontal systems, onshore flow causes low cloud decks (bases between 2,000 and 2,500 feet) to form on windward mountain slopes. 

6.1.5.3  Visibility.  Nocturnal fog and/or smoke is still common, occurring 1 night out of 2.  Onshore flow ensures high relative humidities at night and in the early morning.  Late morning and afternoon visibilities are normally above 3 miles.  Dust may still lower visibilities ahead of cold fronts extending southwestward from low-pressure centers crossing Manchuria. 

6.1.5.4  Precipitation.  Precipitation totals increase steadily, reflecting increasing numbers of West Sea low-pressure centers crossing central Korea.  On rare occasions, early April precipitation may still be snow, but the average last snowfall date is March 30.  Rain falls on 1 day out of 3 in May, boosting monthly rainfall totals to 3.5 inches for the month.  Twenty-four hour rainfall amounts have reached 1.7 inches. 

6.1.5.5  Significant Weather.  Isolated thunderstorms can occur in both months, but they are normally confined to the surrounding mountain ridges.  They occur only with strong fronts or low pressure systems. 

6.1.5.6  Temperatures.  Temperatures rise dramatically.  Even extreme low temperatures fall below freezing only in the first half of March.  Mean highs increase to 68(F (20(C) in May; mean lows to 51(F (10(C).  The absolute low, recorded in early March, is 25(F (-4(C).  The extreme high, reflecting an early incursion of tropical air, is 88(F (31(C). 

6.1.5.7  Humidity.  Morning relative humidity averages 80-85 percent while mean afternoon humidity is generally around 60-65 percent.

6.1.6  Summer (June-early September).  This is the rainy season.  The Changma front passes over the area and Anju experiences warm, moist southwesterly and southerly winds, extensive cloud cover, and heavy rains. 

6.1.6.1  Winds.  Southwesterly 8-16-knot winds prevail throughout summer afternoons.  Night and morning winds reflect mountain drainage; directions are northeasterly through southeasterly with speeds from 4 to 8 knots. 

6.1.6.2  Clouds.  Cloud cover increases steadily through July, then slowly decreases in September.  Persistent warm, moist onshore winds drop ceilings to 2,000-2,500 feet almost 2 days out of 3 in July.  By early September, such conditions occur on only 1 day out 3.  Worst conditions are generally from 0600 to 1200L.  About 3 days per month, ceilings drop below 1,000 feet immediately after sunrise but improve by mid-morning.  Strong, moist, southwesterly and southerly low-level flow normally precede these events.  Ceilings can drop below 500 feet with heavier showers or thundershowers. 

6.1.6.3  Visibility.  Visibilities between 3 and 5 miles occur much of the time through the month due to rain.  Heavier rain, especially thundershowers, and nocturnal fog decrease visibilities to as low as 1/2 mile.  Afternoon visibilities rise above 7 miles on only 1 day in 2. 

6.1.6.4  Precipitation.  Average amounts range from 3.7 inches in June to 12.4 inches during the height of the rainy season in July.  August totals drop to 9.8 inches as the Changma front passes north.  Maximum 24-hour rainfall has reached 23.4 inches.  This maximum occurred with an extremely rare passage of the remains of a typhoon recurving northeastward over northwestern Korea.  Rain occurs on half the days in July, and on one-third of the days in June and August.  Thunderstorms, although still rare, reach their yearly peak in July.  Occurring on only 1 day in 10, they are primarily an evening phenomenon associated with strong low-level southerly flow. 

6.1.6.5  Significant Weather.  Flooding, mud slides, and almost impassable unpaved roads are common.  Specific Ch'ongch'ong River flood information is not available;  however, the relatively flat river bed and winding river course indicate that, unless extensive flood control works have been built, severe floods can occur during July and August at Anju.  Aircraft operations are greatly hindered by the extensive cloud decks and mountain obscuration. 

6.1.6.6  Temperatures.  Because of the clouds and rain, temperatures are mild with very little change from day to night.  Mean highs range from the upper 70s to low 80’s(F (mid-20s(C) in August.  Mean lows increase from 69(F (20(C) in June to 74(F ( 23(C) in both July and August.  Extremes, occurring during clear weather, have reached 95(F (35(C) in July and 61(F (16(C) in early June.  

6.1.6.7  Humidity.  Relative humidities are high, averaging above 80 percent day and night. 

6.1.7  Fall (mid-September - early November).  As the Asiatic High builds, the polar front moves southward across Korea by late October.  Passage over Anju normally occurs during early to mid-October.  By mid-November, the cold, northerly winter winds have begun. 

6.1.7.1  Winds.  Late morning and afternoon winds remain predominantly southwesterly at 8-16 knots.  Nighttime winds are generally \northeasterly through southeasterly at 4-8 knots.  Gusts have exceeded 27 knots with low-pressure systems passing close to Anju during September and October, and in the rare thunderstorm. 

6.1.7.2  Clouds.  Cloud cover slowly diminishes after the polar front moves southward across the region.  Clouds are confined to patchy afternoon layers between 2,500 and 3,000 feet and are generally found on the north side of ridges south of Anju. 

6.1.7.3  Visibility.  Visibilities are usually between 3 and 5 miles in rain and fog 1 day out of 3 during September. Only after the polar front passes does visibility improve dramatically.  Even then, night and early morning visibilities drop to as low as 2 miles in ground fog or smoke on 1 morning in 3. 

6.1.7.4  Precipitation.  Rainfall is still fairly frequent through October, falling as often as 1 day in 4.  Thunderstorms, become almost nonexistent by early November.  Monthly rainfall ranges from 5.5 inches in September to 2.2 inches in October.  Isolated snow showers have occurred in late October with an unusually early, strong Siberian air outbreak. 

6.1.7.5  Significant Weather.  Very heavy rains occur with either low-pressure centers moving northeast along the polar front or the remains of typhoons moving northeastward across northwestern Korea.  These can cause significant Ch'ongch'ong River flooding and mud slides, making unpaved roads impassable except to four-wheel drive or tracked vehicles.  Aircraft operations are still greatly hampered by mountain-obscuring cloud layers through mid-October. 

6.1.7.6  Temperatures.  Temperatures, although falling, remain mild.  Mean highs drop from 73(F (22(C) in September to near 55(F (13(C) in early November.  Mean lows drop from   56(F (13(C) to near 35(F (3(C) during the same period.  Extreme highs range from 90(F (32(C) in September to 80(F (27(C) in October.  Extreme lows range from 37(F (3(C) to 24(F (-4(C). 

6.1.7.7  Humidity.  Morning relative humidity remains near 90 percent, while afternoon humidity drops to around 60 percent.

6.2  Haeju.  Haeju lies on the extreme southwest coast of north Korea at the head of Haeju Bay.  A narrow, relatively clear channel extends south from Haeju to the West Sea; otherwise the bay is largely mudflats.  Tides generally range from 15 to 20 feet; worst cases occur with a strong low-pressure systems moving north through the West Sea at high tide.  Hilly terrain surrounds the bay with a peak elevation up to 3,100 feet, 4 miles north of Haeju.  Ridges are steep, and small reservoirs are scattered throughout the hills.  

6.2.1  Semipermanent Meteorological Features.  While migratory high- and low-pressure systems control the daily weather, four semi-permanent seasonal features are predominant.

6.2.1.1  Siberian (or Asiatic) High.  This high-pressure cell is formed by the intensely cold winter air over the Asian land mass.  With an average central pressure of 1,036 mb, the high is usually centered in south-central Mongolia, near 43 degrees north, 107 degrees east.  Its cold, dry air dominates the winters with northerly to northwesterly winds that extend to 10,000 feet.   

6.2.1.2  Okhotsk High.  Sea of Okhotsk highs result from colder air forming over melting sea ice in the East Sea during spring and early summer, and in the Sea of Okhotsk in early July.  This high strengthens onshore winds along the east coast and spreads cooler, moist air throughout the peninsula.  By mid-July, the Sea of Okhotsk ice has melted and the high dissipates.  If this high pressure cell is particularly strong, and/or the polar front is relatively weak, the summertime rains and warmer temperatures will be delayed by several weeks, or fail to occur entirely.  These conditions, leading to drought in north Korea, occur about once every 5 years.

6.2.1.3  Bonin (or North Pacific) High. This high-pressure cell causes the southeasterly summer flow on the east coast of Asia.  It is strongest in July, with a mean central pressure of 1027 mb and is the dominant feature affecting the peninsula after the northward passage of the Changma front.   During the fall, the cell moves southeast and weakens.

6.2.1.4  Sea Currents and Temperatures.  The West Sea has its own circulation pattern.  There is a very slow counter-clockwise gyre in Korea Bay for all but the coldest months of the year.  During January and February, however, the sustained northerly and northwesterly winds maintain an offshore drift.  Speed of the current is generally less than 0.5 knot throughout the year.  Sea-surface temperatures range from near 40(F (3(C) along the immediate shoreline from December through mid-March, to just below 75(F (23(C) in August. 

6.2.2  Synoptic Controls.

6.2.2.1  Frontal Systems.  Frontal passages occur during any season of the year.  They are usually accompanied by heavy rain in summer, light snow or snow showers in winter or, if dry, dust storms.    In the winter, frontal passages are often accompanied by strong winds which may last up to several hours, rapidly clearing skies, and a rapid building of high pressure behind the front.     

6.2.2.1.1  Polar/Arctic Fronts.  Both polar and arctic frontal systems pass the Haeju area from late fall through early spring.  The polar front passes south of Korea by early October, marking the start of cold-air outbreaks from Siberia.  The slower moving fronts may be modified by the West Sea during winter, but bring very little precipitation to Haeju.

6.2.2.1.2  Changma (or Monsoon) Front.  The Changma front is merely the northward migration of the polar front during the summer months.  Due to the southerly reversal of wind flow associated with the building Bonin High behind the front, the Changma brings unusually heavy rainfall throughout the Korean peninsula, often causing widespread flooding.  More than 60 percent of Korea’s total precipitation falls between the end of May and the end of September.  

6.2.2.2  Low Pressure Systems.  

6.2.2.2.1  Baikal Lows.  Baikal Lows move southeast from the Lake Baikal region and recurve over northwestern north Korea before heading northeastward toward Hokkaido.  They are primarily a springtime phenomena.  With their extremely long continental trajectories, they can cause strong dust storms further inland. Very strong systems pass over the intense, but very shallow, Asiatic High. 

6.2.2.2.2  Mongolian Lows.  Mongolian lows occur year-around and are the most common type of low pressure system affecting north Korea.  They form in southern Mongolia and track eastward across north Korea.  These lows are responsible for the “yellow wind” phenomenon of late winter and early spring.  During these times, yellow dust and sand is picked up from the Gobi Desert and is carried eastward through Korea.  Much of the sand settles out over China, but the remaining dust can cause significant restrictions to visibility for up to a week at a time.

6.2.2.2.3  West Sea Lows.  These lows often form on the Polar front while it is still quasi-stationary south of Korea.  They primarily affect Haeju in May and June and, occasionally, in September or early October.  They produce 18 to 30 hours of heavy rain and poor flying weather.  Considerable flooding can result. 

6.2.2.2.4  Tropical Systems.  Tropical systems are possible from late June through September, but they affect north Korea mostly in August and September.  Storms travel from the south or southwest through the West Sea and curve northeastward or eastward across the Korean peninsula. There is a 30 percent probability that Haeju will be affected by a tropical storm or typhoon in any given year.  Typhoons have usually weakened considerably by the time they reach north Korea, but  they are still capable of causing heavy precipitation.  

6.2.3  Local Effects.  

6.2.3.1  Mountain Waves. Although the hills and mountains near Haeju shelter it from the strong northwesterly flow during the winter, some peaks are high enough to produce turbulence and strong downslope lee-side winds under strong northwesterly flow.  

6.2.3.2  Land-Sea Breeze.  In the absence of any defined synoptic flow, land-sea breezes dominate Haeju. Night and early morning winds are usually northerly at 3-6 knots and become southerly at 6-10 knots in the afternoon.   The land breeze keeps fog at a minimum.    

6.2.3.3  Sea Conditions.  High waves affect the immediate waterfront only during periods of  strong onshore winds and are especially noticeable when combined with high tide.  Tidal ranges can exceed 15 feet.  Normal current circulation is a counter-clockwise flow along the coast at 1 to 2 knots.  Sea surface temperatures range from the lower 40s(F to the middle 60s(F in late summer and early fall.  Patchy shore ice may form on the coast in January.  

6.2.4  Winter (November-March).  The Siberian High builds throughout the winter season, reaching its maximum strength in January.  Shallow streams will often freeze completely to the bottom, while deeper streams will freeze to a depth of 2 to 3 feet.  A very reliable rule of thumb during the winter is Korea’s, “3 cold and 4 warm-day” cycle.  This time-tested axiom states the tendency for a 3-day cold spell to be followed by 4 days of milder weather.

6.2.4.1  Winds.  Haeju’s lee-side location shelters it from strong northwesterly winter flow.  Only when strong winds are westerly do they reach the city.  In the absence of Siberian outbreaks, winds are often determined by local topography and follow a diurnal pattern.  Northerly drainage winds from the hills north of Haeju occur at night and in the early morning.  By late morning, a weak sea breeze causes winds to become southerly.  Average wind speeds under such conditions are light, usually around 5 knots or less.  Winds greater than 25 knots occur with strong Siberian outbreaks sweeping across the area behind cold fronts.  Speeds may reach as high as 45 knots when channeled through the valley, west of the city.  

6.2.4.2  Clouds.  Winter skies are clear about 60 percent of the time, with January being the clearest.

6.2.4.3  Visibility.  Daytime visibility is excellent throughout the winter as morning fog is rare.  Visibility can drop below 3 miles in snow showers as a West Sea low crosses the Korean coast north of 39 degrees north.  

6.2.4.4  Precipitation.  Precipitation, normally light, can be heavy under sustained southwesterly flow.  Precipitation occurs on 10 days in November, increasing to 13 days in December and then decreasing steadily through the rest of the winter.  During November, about 25 percent of the precipitation falls as snow.  Precipitation is almost all snow in January; by March, it is mostly rain or drizzle.  Precipitation averages less than 1 inch a month through February; March averages 1.1 inches.  Snow falls on about 5 days a month from December through March.  The average date of the first snowfall at Haeju is mid-November and the last snowfall of the season is usually early in March.  

6.2.4.5  Snow Cover.  Snow remains on the ground on more than half the days during December and January and less than half of the days in February. 

6.2.4.6  Significant Weather.  Winter thunderstorms are extremely rare.  Aircraft icing can be a problem in snow showers.  Turbulence is common over the hills.  

6.2.4.7  Temperatures.  Haeju temperatures range from 48(F to -2(F (9 to -19(C) in January.  The average January high is 31(F (-1(C); the average low, 17(F (-8(C).  Temperatures average below freezing from early December through late March.  The average freeze date  for the soil in the Haeju area is early December and the average thaw date is around mid-February.  Average highs are 44 to 49(F (7 to 9(C) in November and March and about 35(F (3(C) in December and February.  Average lows are about 33(F (1(C) during November and March and 23(F (-5(C) in December and February.  

6.2.4.8  Humidity.  Relative humidities average 76 percent in the morning and 60 percent in the afternoon.  

6.2.5  Spring (April).  The Asiatic High weakens as the Asian land mass warms.  

6.2.5.1  Winds.  In the absence of major storm systems, surface winds at Haeju are light and variable much of the time, with northeasterly winds less than 5 knots prevailing during night and morning and southerly winds less than 5 knots prevail in the afternoon.  With major storms passing to the south, easterly winds greater than 25 knots may occur.   

6.2.5.2  Clouds.  Clouds increase as moist southerly flow becomes established over Korea.  Skies are clear about 40 percent of the time; overcast skies occur with about the same frequency.  Southerly winds bring ceilings between 1,500 and 2,500 feet, first forming against the mountains to the north and then building southward toward Haeju.  

6.2.5.3  Visibility.  Visibility remains generally good as fog remains rare.  Visibility can be reduced to 2 to 3 miles in occasional showers associated with passing low pressure systems.  

6.2.5.4  Precipitation.  Precipitation averages 2 inches over a period of 8 days in April, falling mostly as rain or drizzle.  Although the average date for the last snowfall is the end of March, it has occurred in early April.  

6.2.5.5  Significant Weather.  Thunderstorms are rare, but possible and may contain hail.  Increased moisture aloft increases the probability of aircraft icing.  Turbulence occurs in the vicinity of thunderstorms and over ridges.  

6.2.5.6  Temperatures. April temperatures range from 27 to 76(F (-3 to 23(C).  Average lows and highs are 42 and 55(F (5 to 13(C), respectively.  

6.2.5.7  Humidity.  Relative humidity averages 79 percent in the morning and 57 percent in the afternoon.  

6.2.6  Summer (May-September).  Warm, moist southerly flow over Korea is maintained by the Bonin High.  The Changma front begins to affect Haeju in early July.  Major storms associated with this frontal system move through Korea causing heavy precipitation, mainly during July, August, and September.  Tropical storms may affect the area from July through September.  

6.2.6.1  Winds.  Local topography still plays a major role in surface wind patterns.  However, the sustained southerly winds associated with the monsoon produce predominantly southerly to southeasterly winds, with speeds averaging 5 to 10 knots.  Winds over 25 knots are not uncommon, usually caused by extratropical lows or, in September, the remains of a typhoon.  Winds as high as 45 knots have occurred in such situations.  

6.2.6.2  Clouds.  Summers are cloudy.  June and July are the cloudiest months of the year, with mostly cloudy skies occurring more than 60 percent of the time and overcast conditions reported 45 percent of the time.  In July, the worst month,  ceilings below 3,000 feet occur nearly 60 percent of the time and ceilings below 1,500 feet, nearly 30 percent of the time.  Worst conditions occur in the early morning. Cloudiness decreases steadily toward the end of the season as the Changma front passes northward.  

6.2.6.3  Visibility. Fog forms on 11 days a month during July, which is the height of the rainy season.  Most fog occurs with heavy rains associated with the Changma front and associated low pressure systems.  The worst visibility generally occurs  between 0600 and 0800L.  

6.2.6.4  Precipitation.  Almost all precipitation this time of year is caused by frontal systems and extratropical cyclones.  During May, Haeju averages 3.5 inches, increasing in July and August to nearly 12.0 inches, and decreasing again in September to 5 inches.  Very heavy rain from the passage of a tropical cyclone can yield as much as 15 inches of rain in a 24-hour period, causing flooding and making roads impassable.  Unpaved roads become mostly mud.   

6.2.6.5  Significant Weather.  Thunderstorms occur on 1 to 2 days a month.  Hail is rare due to high freezing levels.  Tropical storms that track across the West Sea can affect Haeju from early July through September, bringing torrential rains and high winds.  However, most typhoons that affect the area occur in August and September.  A typhoon affects Haeju about once every 2 years.  

6.2.6.5  Temperatures.  Average highs range from 64(F (18(C) in May to 80(F (26(C) in August.  Extreme highs of 93(F (34(C) have been reported in both July and August.  Average lows range from 51(F (11(C) in May to 69(F (20(C) in August.  Extreme lows of  35(F (2(C) have occurred in May.  

6.2.6.6  Humidity.  Relative humidities average 90 to 93 percent in the morning from July to September.  Afternoon humidities are 62 to 81 percent.  

6.2.7  Fall (October).  The Bonin High moves southeast and weakens.  Cooling of the Asian land mass causes the Siberian High to redevelop.  The Polar Front moves south of Haeju, ushering in cooler temperatures and lower relative humidities.  

6.2.7.1  Winds.  Local topography continues to control winds, which are generally northeasterly at 5 knots at night and early morning, switching to light southerly winds in the afternoon.  Maximum speeds peak at around 20 knots with the first of the Siberian outbreaks.   

6.2.7.2  Clouds.  Cloudiness decreases during October.  Skies are clear about 45 percent of the time, and overcast about 26 percent of the time. 

6.2.7.3  Visibility.  Visibilities are good most of the time except for the early morning.  Fog occurs on 5 days of the month, usually from 0600 to 1000L.  Visibility in fog is usually reduced to 2-3 miles.   

6.2.7.4  Precipitation.  Monthly precipitation of 2.0 inches is about half what it was in September and is spread over a period of 5 days, mostly during the first half of the month.  Most precipitation falls as rain or drizzle, but snow can fall toward the end of the month.  

6.2.7.5  Significant Weather.  Thunderstorms occur an average of 1 day during October.  

6.2.7.6  Temperatures.  As the Asiatic High strengthens, temperatures drop, ranging from an extreme high of 79(F (26(C) to an extreme low of 30(F (-1(C).  The average high is 63(F (17(C) and the average low, 47(F 

(8(C).   

6.2.7.7  Humidity.  Relative humidities average 83 percent in the morning and 58 percent in the afternoon.  

6.3  Hamhung.  Hamhung is located on the central east coast of North Korea.  It lies about 6 miles (10 km) upstream of the mouth of the Tongsonchon River on Hamhung Bay, which opens to the East Sea.  The river flows northwest to southeast through Hamhung. The Nangnim Mountain range lies north and west of the study; ridge orientation is north-northeasterly to south-southwesterly and parallel to the East Sea coast.  The highest peak in the area is the crest of a hill at 2,033 feet about 6 miles east of Hamhung.  The rest of the area consists of flat coastal plains to the south and southwest.  Several streams and rivers empty into Hamhung Bay.  The area was once heavily forested, but much of it is has been cleared.

6.3.1  Semipermanent Meteorological Features.  While migratory high- and low-pressure systems control the daily weather, four semi-permanent seasonal features are predominant.

6.3.1.1  Siberian (or Asiatic) High.  This high pressure cell is formed by the intensely cold winter air over the Asian land mass.  With a central pressure of 1036 mb, the high is usually centered in south-central Mongolia near 43 degrees N, 107 degrees E.  Its cold, dry air dominates the winters with northerly to northwesterly winds that extend to 10,000 feet.

6.3.1.2  Okhotsk High.  Sea of Okhotsk highs result from colder air forming over melting sea ice in the East Sea during spring and early summer, and in the Sea of Okhotsk in early July.  This high strengthens onshore winds along the east coast and spreads cooler, moist air throughout the peninsula.  By mid-July, the Sea of Okhotsk ice has melted and the high dissipates.  If this high pressure cell is particularly strong, and/or the polar front is relatively weak, the summertime rains and warmer temperatures will be delayed by several weeks, or fail to occur entirely.  These conditions, leading to drought in north Korea, occur about once every 5 years.

6.3.1.3  Bonin (or North Pacific) High.  This high-pressure cell causes the southeasterly summer flow on the east coast of Asia.  It is strongest in July, with a mean central pressure of 1027 mb and is the dominant feature affecting the peninsula after the northward passage of the Changma front.   During the fall, the cell moves southeast and weakens.  

6.3.1.3  Sea Currents and Temperatures.  The cold Liman current flows along the east coast of north Korea.  The cold water modifies warm air above and produces heavy sea fog.  In January, the average sea surface temperature is 38 to 43(F (3 to 6(C).  Average July sea-surface temperatures range from 64 to 70(F 

(18 to 21(C).

6.3.2  Synoptic Controls.

6.3.2.1  Frontal Systems.  Frontal passages occur during any season of the year. They are usually accompanied by heavy rain in summer, light snow or snow showers in winter or, if dry, dust storms.  In the winter, frontal passages are often accompanied by strong winds lasting several hours, rapidly clearing skies, and a rapid building of high pressure behind the front.  

6.3.2.1.1  Polar/Arctic Fronts.  Both polar and arctic frontal systems pass the Hamhung area from late fall through early spring.  The polar front passes south of Korea by early October, marking the start of cold-air outbreaks from Siberia.  The slower moving fronts may be modified by the East Sea during winter, but bring very little precipitation to Hamhung.

6.3.2.1.2  Changma (or Monsoon) Front.  The Changma front is merely the northward migration of the polar front during the summer months.  Due to the southerly reversal of wind flow associated with the building Bonin High behind the front, the Changma brings unusually heavy rainfall throughout the Korean peninsula, often causing widespread flooding.  More than 60 percent of Korea’s total precipitation falls between the end of May and the end of September.  

6.3.2.2  Low Pressure Systems. 

6.3.2.2.1  Baikal Lows.  Baikal Lows move southwest from the Lake Baikal region and recurve over northwestern north Korea before heading northeastward toward Hokkaido.  They are primarily spring phenomena.  With their extremely long continental trajectories, they can cause strong dust storms.  

6.3.2.2.2  Mongolian Lows.  Mongolian Lows may pass at any time of year and are the most common type of low in the region.   They follow a path through northern China and north Korea to northern Japan and cause widespread dust storms.

6.3.2.2.3  West Sea Lows.  These lows often form on the Polar front while it is still quasi-stationary south of Korea.  They primarily affect Hamhung in May and June and, occasionally, in September or early October.  They produce 18 to 30 hours of heavy rain and poor flying weather.  Considerable flooding can result. 

6.3.2.2.4  Tropical Systems.  Tropical Systems, although rare, are possible from late June through September, but they affect north Korea mostly in August and September.  Storms travel from the south or southwest through the West Sea and curve northeastward or eastward across the Korean peninsula.  There is a 30 percent probability that Hamhung will be affected by a tropical storm or typhoon in any given year.  Typhoons have usually weakened by the time they reach north Korea, but  they are still capable of causing heavy precipitation.

6.3.3  Local Effects.  

6.3.3.1  Land/Sea Breeze.  This circulation is most noticeable in summer.  The sea breeze brings cool air inland along the immediate coast from 1000 or 1100L to sunset.  The circulation extends as high as 3,000 to 4,000 feet and normally penetrates 3 to 5 miles inland. Speeds can be as high as 10 knots. In the fall, sea-breeze onset can be delayed several hours due to a lower angle of incidence.  Since Hamhung is on the southwest shore of Hamhung Bay and immediately backed by mountains, the sea-breeze circulation is complex; local winds vary considerably from pure onshore-offshore flow.  Southeast winds will become stronger in the afternoon with a sea breeze, but weaker at night with the offshore land breeze.  Wind speed differences enhanced by the sea breeze can be 4-10 knots stronger than what might otherwise be expected.

6.3.3.2  Mountain Waves.  With northwesterly winds, the Nangnim mountains produce strong downslope winds on seaward slopes.  These winds are most common with a strong offshore pressure gradient and a stable lower atmosphere.  Winds are even stronger under such conditions immediately seaward of mountain passes and over Hamhung Bay.  Speeds can be up to three times greater in these areas.  Gust speeds on the lee side may be double the prevailing speed.

6.3.3.3  “Foehn” (or Chinook) Effects.  The Nangnim range is high enough to cause mild foehn conditions; that is, the successive adiabatic cooling, drying, and warming of air lifted over mountains.  Primarily a winter phenomenon, the foehn results in a temperature increase, a relative humidity decrease, and a cloudiness decrease.  Relative humidity can drop 20 percent.  In many cases it raises winter temperatures to above freezing.  The duration, however, is short, averaging 6-12 hours.

6.3.4  Winter (November-March).  The Siberian High builds throughout the winter season, reaching its maximum strength in January.  Shallow streams will often freeze completely to the bottom, while deeper streams will freeze to a depth of 2 to 3 feet.  A very reliable rule of thumb during the winter is Korea’s, “3 cold and 4 warm-day” cycle.  This time-tested axiom states the tendency for a 3-day cold spell to be followed by 4 days of milder weather.

6.3.4.1  Winds.  Winds are primarily (28 percent of the time) from the northwest to northeast at 5 to 12 knots.  Calm winds occur with about the same frequency, mainly during evening and night.  Winds above 25 knots occur 1-2 percent of the time, caused by frontal systems and the resulting strong Siberian outbreaks that follow them.  Winds as high as 62 knots have been reported at Hamhung.  Truck transport through exposed mountain passes may be hindered by high winds.  Ship movements in and out of Hamhung Bay and loading/unloading operations at the port are also hindered by such winds. 

6.3.4.2  Clouds.  Winter skies are clear over 60 percent of the time.  January nights are clear about 75 percent of the time.  On very rare occasions, clouds occur behind a low in the East Sea; bases are 5,000 feet; tops to 12,000 feet.

6.3.4.3  Visibility.  Daytime visibility is excellent throughout the winter, but haze caused by pollution occurs in the immediate area of Hamhung on winter mornings from 0900 to 1100L.  Fog lowers visibility to less than 1 mile on 25 to 30 percent of winter days, with the greatest chance from 0900 to 1100L.  Blowing snow occurs with wind speeds above 18 knots, especially with new snowfalls; visibilities range from 1/16 to 1 mile.  Ice fog can lower visibility to 1/16 -1/8 miles with temperatures of -10 degrees F or colder in Hamhung during December and January.  Above 6,500 feet AGL, visibilities are almost always unrestricted.

6.3.4.4  Precipitation.  Precipitation is uncommon, occurring only with intense lows that travel along the coast of the East Sea.  The rare heavy shower occurs with these systems.  The average date of the first snowfall is 22 November.  Expect precipitation on 7 days a month through the winter with almost all falling as snow in December through February.  Most of the coastal precipitation in November falls as rain.  In March about half the precipitation falls as snow and half as rain or drizzle. Most inland precipitation is snow.  Maximum November and March 24-hour precipitation is 2.0 inches.  November and March maximum 24-hour totals are 1.3 inches.  Mean monthly precipitation is less than an inch.  The least precipitation falls in January when the Asiatic high is strongest.

6.3.4.5  Snow Cover.  Snow cover is relatively common from the beginning of December through March inland and at higher elevations along the coast; some higher locations may be snow-covered through April.  Maximum snow depth at Hamhung is about 13 inches.  Snow covers the ground 4-6 days of the month except for December, when the ground is covered half the month.

6.3.4.6  Significant Weather.  Thunderstorms occur only once every 5 winters. Due to the extreme cold and dryness, aircraft icing is not a winter problem.  With the almost constant strong northerly winds, mountain turbulence can be severe within 150 miles downwind of mountain peaks.  Seas off shore under such conditions become rough;  ship traffic in and out of Hamhung Bay and other harbors becomes difficult.  Wind chills fall into the "very cold" range on over half the days in December through February (<-25(F/-32(C); extreme conditions from December through February have dropped into the “bitterly cold” category (<-70(F/-60(C).

6.3.4.7  Temperature.  Hamhung temperatures range from 60 to -l6(F (16 to -27(C) in January, with a normal maximum and minimum of 32(F (0(C) and 14(F (-10(C), respectively.  Freezing temperatures occur nearly every day from mid-November until the third week in March.  Expect above freezing conditions during a foehn.  The surrounding mountains protect Hamhung from the intensely cold Siberian airmasses.  Wind chills inland of the immediate coast can drop to well below -50(F (-45(C) during strong northwest or northerly winds.

6.3.4.8  Humidity.  Morning relative humidity averages 70 percent, while afternoon humidity is generally around 45 percent.

6.3.5  Spring (April-May).  The Asiatic High weakens as the land warms.  

6.3.5.1  Winds.  Winds are light and variable or northerly at 5 knots at night.  By afternoon, onshore winds from the south average  7 to 10 knots.  Winds in excess of 25 knots are rare, occurring 1 percent of the time. Frontal passages cause strong, gusty winds.  The maximum speed is 47 knots. 

6.3.5.2  Clouds.  As onshore winds become better established, skies become cloudier.  Overcast skies, with southerly winds, are more frequent than clear skies, which occur with northerly winds.  Skies are cloudy to overcast half the time.  Skies are obscured about 8 percent of the time in dense sea fog.  Tops of obscurations are below 5,000 feet.

6.3.5.3  Visibility.  Fog frequency increases to 7 days a month or 10 to 20 percent of the time from 0300 to 0900L.  Dense fog, with a visibility of less than 1 mile, forms 4 days in April and May.  Occurrence of haze and smoke, with 1/2-mile visibilities, increases in the spring.  Visibility in drizzle is generally less than 1/4 mile.

6.3.5.4  Precipitation.  Nearly all precipitation falls as rain or drizzle. The average date of the last snowfall is 6 April.  It typically rains about 10 days during April and May, but only 2 days a month have more than 0.40 inches of precipitation.  Maximum 24-hour precipitation is 2.2 inches; it falls from frontal systems that hug the coast.  Average precipitation is increases from 1.6 inches in April to 2.4 inches in May.

6.3.5.5  Significant Weather.  As the air warms and clouds increase, the probability of severe aircraft icing increases. Thunderstorms are very rare, but expect turbulence and hail in the vicinity.   As the air becomes less stable and wind speeds decrease, mountain-wave turbulence becomes more widespread but less intense.

6.3.5.6  Temperatures.  Temperature extremes in April range from a low of 20(F to a high of 83(F (-7 to 28(C).  In May, extremes increase to a low of 30(F (-1(C) and high of 93(F (34(C).  Average highs in May reach 50 to 69(F (10 to 21(C) with average lows of 45-55(F (7-13(C).  

6.3.5.7  Humidity.  Morning relative humidities average 80 percent; afternoon, 48 percent.

6.3.6  Summer (June-September).  Warm, moist, on-shore winds bring extensive low clouds, rain, and drizzle.  Major storms moving through northern Korea and into the East Sea bring heavy rains.  An occasional typhoon moving northeast through the East Sea sometimes causes torrential rains and high winds.

6.3.6.1  Winds.  Surface winds are predominantly southerly.  Hamhung winds are strongest during the early part of the afternoon, averaging 6 to 10 knots.  Winds tend to be calm at night or northerly at 5-6 knots. A true land/sea breeze circulation is generally not established until late in the season due to relatively small land/water temperature contrast.  Gusts associated with both extratropical storms and typhoons have reached as high as 47 knots.

6.3.6.2  Clouds.  The onset of southerly flow leads to significant cloudiness. During June and July, Hamhung is cloudy to overcast 75 percent of the time. The predominantly low clouds have bases between 1,000 and 3,000 feet, but bases below 200 feet are common in rainshowers and dense sea fog. The low cloud deck is often fairly solid to 10,000 feet with broken altocumulus decks above. Toward the end of the season, the heavy overcast decreases as the monsoon boundary passes north.  Nangnim mountain tops are often obscured above 2,000 feet.

6.3.6.3  Visibility.  Moist southeasterly flow increases the occurrence of fog and haze.  Fog normally forms after midnight and lasts to late morning on 14 days a month; it is most frequent (30-40 percent of the time) from 0600 to 0800L. Haze restricts afternoon visibility  30-40 percent of the time; it is less frequent at night. Visibilities in fog are usually 2 to 3 miles, but fog can obscure visibility to less than 1 mile on up to 8 days in early summer.  For the rest of the season, visibilities less than 1 mile in fog can be expected an average of 6 days a month.  During mid-summer, fog may be thick enough to totally obscure the sky, but much of it is shallow; elevations above 500 feet MSL are usually above the fog.  Ships in Hamhung Bay occasionally have navigation problems due to fog; similar problems affect air traffic.  Land transportation, except in the higher mountains, is not affected.

6.3.6.4  Precipitation.  Precipitation, almost all rain or drizzle, occurs 15 to 25 percent of the time in July and August over an average of 15-20 days a month.  Very heavy rain falls in a short period of time with the passage of a tropical cyclone (in one instance, 7.5 inches   in a single 24-hour period). During June, Hamhung averages 3.3 inches, increasing to 8 inches in July and August as the monsoon front tracks across the region. 

6.3.6.5  Significant Weather.  Thunderstorms are rare, averaging 1 to 3 days a month.  Hail is also rare.  Tropical storms passing near Hamhung take one of two tracks.  The most common is through the Tsushima Strait and into the western East Sea.  The second is through the West Sea, recurving to follow the trough through the Hamhung area.  Conditions favoring either of these two tracks are present from mid-July through September.

6.3.6.6  Temperatures.  Hamhung temperatures remain moderate through the summer due to the moderating effects of surrounding waters and the near continuous presence of cloud cover.  During July and August, daily highs reach about 80(F (27(C); daily lows fall only to 66(F (19(C).  Extreme highs reach 100(F (38(C) at Hamhung during July and August; the extreme low, 45(F (7(C).  In September, extreme lows reach the 

mid-30s(F (2(C) as the cloud cover decreases and the southerly flow weakens. 

6.3.6.7  Humidity.  Both morning and afternoon relative humidity averages above 80 percent during the summer months.

6.3.7  Fall (October).  The Pacific High moves southeast and weakens.  Frontal passages become more frequent.  Sea temperatures remain warm.  Decreasing cloudiness and moderate temperatures make fall pleasant. 

6.3.7.1  Winds.  Winds are generally southerly in the afternoon and northerly overnight and in  the morning, with average speeds of 5-6 knots. Maximum winds, occurring with strong cold Siberian air surges, have been as high as 47 knots.  

6.3.7.2  Clouds.  Cloud amounts decrease rapidly.   Skies are virtually clear by month's end. 

6.3.7.3  Visibility.  Fog occurs an average of 5 days per month, mainly between 0600 and 1100L.  Haze and smoke restrict visibility to 2-3 miles about 20 to 30 percent of the time, generally between 0900 and 1800L.  Dust storms occur inland during frontal passage reducing visibility as low as 1/16 to 3/16 mile for short periods. Heavy snowstorms, are very rare but can occur in late October.  Visibility in heavy drizzle is generally less than 1/4 mile. 

6.3.7.4  Precipitation.  Although snow can occur in late October, most precipitation falls as rain or drizzle on 8 days early in the month.  Monthly precipitation totals average 1.4 inches, but can be as high as 5.4 inches.  Maximum daily precipitation is 5.1 inches.

6.3.7.5  Significant Weather.  Thunderstorms become almost non-existent by mid- month over the coast, but a few may occur over higher ridges inland with frontal passages.  Wind gusts associated with these thunderstorms can reach 50 knots.  Cooling temperatures and moist conditions increase potential for moderate to severe icing above the freezing level.  With strengthening northwesterly winds, likelihood of mountain-wave turbulence increases.

6.3.7.6  Temperatures.  Temperatures drop rapidly towards winter values with increasingly colder northerly winds.  Extreme temperatures range from 23 to 85(F (-5 to 29(C).  Mean high is 63(F (17(C); mean low, 44(F (7(C).

6.3.7.7  Humidity.  Morning relative humidity is generally around 70 percent while afternoon humidity drops to about 55 percent.

6.4  Pyonggang.  Pyonggang lies 8 miles north of the Demilitarized Zone (DMZ) in a north-northeast to south-southwest valley that is the northward extension of the Chorwan Corridor.  The valley begins at a small east-west ridge 8 miles north of Pyonggang and widens to approximately 8 miles just south of Pyonggang.  Rugged mountains surround the valley on all sides.  Elevations reach a maximum of 3,445 feet, 9 miles east-northeast at Namm-bong.  Side canyons not draining into the Pyonggang area run predominately north-south.  Terrain around Pyonggang is steep.  

6.4.1  Semipermanent Meteorological Features.  While migratory high- and low-pressure systems control the daily weather, three semi-permanent seasonal features are predominant.

6.4.1.1  Siberian (or Asiatic) High.  This high-pressure cell is formed by the intensely cold winter air over the Asian land mass.  With a mean central pressure of 1,036 mb, the high is usually centered in south-central Mongolia near 43 degrees N, 107 degrees E.  Its cold, dry air dominates the winters with northerly to northwesterly winds that extend to 10,000 feet.

6.4.1.2  Okhotsk High.  Sea of Okhotsk highs result from colder air forming over melting sea ice in the East Sea during spring and early summer, and in the Sea of Okhotsk in early July.  This high strengthens onshore winds along the east coast and spreads cooler, moist air throughout the peninsula.  By mid-July, the Sea of Okhotsk ice has melted and the high dissipates.  If this high pressure cell is particularly strong, and/or the polar front is relatively weak, the summertime rains and warmer temperatures will be delayed by several weeks, or fail to occur entirely.  These conditions, leading to drought in north Korea, occur about once every 5 years.

6.4.1.3  Bonin (or North Pacific) High.  This high-pressure cell causes the southeasterly summer flow on the east coast of Asia.  It is strongest in July, with a mean central pressure of 1027 mb and is the dominant feature affecting the peninsula after the northward passage of the Changma front.   During the fall, the cell moves southeast and weakens.  

6.4.2  Synoptic Controls.

6.4.2.1  Frontal Systems.  Frontal passages occur during any season of the year.  They are usually accompanied by heavy rain in summer, light snow or snow showers in winter or, if dry, dust storms.  In the winter, frontal passages are often accompanied by strong winds which can last up to several hours, rapidly clearing skies, and rapidly building high pressure behind the front.  

6.4.2.1.1  Polar/Arctic Fronts.  Both polar and arctic frontal systems pass the Pyonggang area from late fall through early spring.  The polar front passes south of Korea by early October, marking the start of cold-air outbreaks from Siberia.  Due to its inland location, these fronts bring little precipitation to Pyonggang.

6.4.2.1.2  Changma (or Monsoon) Front.  The Changma front is merely the northward migration of the polar front during the summer months.  Due to the southerly reversal of wind flow associated with the building Bonin High behind the front, the Changma brings unusually heavy rainfall throughout the Korean peninsula, often causing widespread flooding.  More than 60 percent of Korea’s total precipitation falls between the end of May and the end of September.  

6.4.2.2  Low Pressure Systems.

6.4.2.2.1  Baikal Lows.  Baikal Lows southeast from the Lake Baikal region and recurve over northwestern north Korea before heading northeastward toward Hokkaido.  They are primarily a springtime phenomena.  With their extremely long continental trajectories, they can cause strong dust storms, especially over inland areas.  Very strong low-pressure systems may pass through or over the Asiatic high.

6.4.2.2.2  Mongolian Lows.  Mongolian Lows form year around and are the most common type of low in the region.  They follow a path through northern China and north Korea to northern Japan and cause widespread dust storms.  If they track south of the Beijing area and across the Shantung Peninsula, they form West Sea Lows.  These systems bring the worst conditions to central Korea of any extratropical lows.

6.4.2.2.3  West Sea Lows.  These lows often form on the Polar front while it is still quasi-stationary south of Korea.  They primarily affect Pyonggang in May and June and, occasionally, in September or early October.  They produce 18 to 30 hours of heavy rain and poor flying weather.  Considerable flooding can result. 

6.4.2.2.4  Tropical Systems.  Tropical systems are possible from late June through September, but they affect central Korea mostly in August and September.  Storms travel from the south or southwest through the West Sea and curve northeastward or eastward across the Korean peninsula.  There is a 30 percent probability that Pyonggang will be affected by a tropical storm or typhoon in any given year.  Typhoons have usually weakened considerably by the time they reach central Korea, but they are still capable of causing heavy precipitation.  

6.4.3  Local Effects.

6.4.3.1  Mountain/Valley Breeze.  This circulation is most noticeable in the transition seasons and in late summer under the Bonin High, after the Changma front has passed to the north.  The mountain breeze brings cool air into valleys during nights and early mornings.  Valley breezes force warm air upslope during days.  In the spring and fall, valley breezes, which normally begin shortly after sunrise, can be delayed several hours.  The circulation extends as high as 3,000 to 4,000 feet and speeds are generally around 5 knots.  Since Pyonggang has several valleys opening into it, the circulation is complex.  As a result, Pyonggang wind speeds may differ markedly from synoptic scale wind flow.

6.4.3.2  Mountain Waves.  Under northwesterly to northeasterly flow, the local mountains produce strong downslope winds on leeward slopes.  These winds are most common with a strong north-south pressure gradient and a stable lower atmosphere.  North winds are enhanced under such conditions as they blow directly down the valley.  Speeds can be up to three times greater in these areas.  Gust speeds on the lee side may be double the prevailing speed.

6.4.3.3  “Foehn” (or Chinook) Effects.  Mountain ridges surrounding Pyonggang are high enough to cause mild foehn conditions; that is, the successive adiabatic cooling, drying, and warming of air lifted over mountains.  Primarily a winter phenomenon, the foehn results in a temperature increase, a relative humidity decrease, and a cloudiness decrease.  Relative humidity can drop 20 percent.  In many cases, it raises winter temperatures to above-freezing.  The duration, however, is fairly short, averaging 6-12 hours.

6.4.4  Winter (November through March).  The Siberian High builds throughout the winter season, reaching its maximum strength in January.  Shallow streams will often freeze completely to the bottom, while deeper streams will freeze to a depth of 2 to 3 feet.  A very reliable rule of thumb during the winter is Korea’s, “3 cold and 4 warm-day” cycle.  This time-tested axiom states the tendency for a 3-day cold spell to be followed by 4 days of milder weather.

6.4.4.1  Winds.  Winds are generally northerly to northwesterly due to the strong influence of the Siberian High over the area.  Average afternoon speeds are generally 5-10 knots, but may gust to around 45 knots during strong Siberian outbreaks.  Nighttime winds are usually light and variable.

6.4.4.2  Clouds.  Skies remain partly cloudy through much of the winter, except for the occasional show shower which may occasionally bring a ceiling of around 3,000 feet to the area.

6.4.4.3  Visibility.  Visibility is generally excellent throughout the winter, restricted only occasionally by a passing snow shower.  Smoke from housing heating units may occasionally restrict visibility near sunrise, if the winds are light.  Due to it’s inland location, fog is generally not a problem.

6.4.4.4  Precipitation.  Snow becomes the predominant precipitation type by mid-December; occurring on 1 day in 5 in December and 1 day in 3 in January.  Precipitation amounts average less than an inch per month during the winter.

6.4.4.5  Snow Cover.  Since high temperatures average below freezing in January and February, patchy snow remains on the ground for extended periods during these months. 

6.4.4.6  Significant Weather.  Thunderstorms are virtually nonexistent this time of year.  Occasional show showers restrict visibility for short periods.

6.4.4.7  Temperatures.  Mean highs are in the low 30s(F (-1(C) in December and February and in the mid-20s(F (-4(C) in January with average lows in the upper-teens (F (-8(C).  Extreme low temperatures may drop to near 

-15(F (-26(C).  Wind chills have reached below -40(F (-40(C).

6.4.4.8  Humidity.  Morning relative humidity is around 82 percent while afternoon relative humidity decreases to around 60 percent.

6.4.5  Spring (April and May).  The Siberian High weakens rapidly by early June.  The sustained northwesterly flow of dry air disappears, replaced by increasingly warm, moist air flowing off the West Sea.

6.4.5.1  Winds.  Northerly winds become more southwesterly during the transition between the winter and summer monsoons.  Average speeds are 5-10 knots in the afternoon.  Winds are generally light and variable overnight through mid-morning.

6.4.5.2  Clouds.  Increasing night and morning low clouds, drizzle, and fog restrict air operations below 3,000 feet 1 day out of 3.  Afternoon and evening showers reduce ceilings and visibilities below 1,000 feet on 1 day out of 10.  Low ceilings, rain, and fog increase toward the end of May. 

6.4.5.3  Visibility.  Visibility remains generally good, except during periods of rain associated with migratory low pressure systems transiting the area.  Morning fog can restrict visibility considerably when evening skies clear after a significant rain event.

6.4.5.4  Precipitation.  Monthly rainfall amounts increase to around 3 to 4 inches in late spring, mainly due to West Sea Lows, which occur an average of 3-4 times per month.

6.4.5.5  Significant Weather.  Isolated thundershowers occur after early May, averaging 1-2 days per month.

6.4.5.6  Temperatures.  Average daily highs warm to the upper 50s to mid-60s(F (15 to 19(C) by mid-May while morning lows are in the upper 30s to lower 40s(F (3 to 6(C).

6.4.5.7  Humidity.  Morning relative humidity approaches 85 percent and afternoon humidity is generally around 50 percent.

6.4.6  Summer (June through September).  The Changma front moves northward becoming quasi-stationary in southern Manchuria by mid-August.  Northward flow of warm, moist, unstable air result in extensive clouds and rain.  Ceilings and visibilities are at their worst, with conditions less than 3,000 feet/3 miles prevailing 69 percent of the time in July and 57 percent of the time in August.  Worst ceiling and visibility generally occur between 0600 and 0800L, being reduced to less than 1,000 feet/2 miles approximately 26 percent of the time in July and 17 percent of the time in August.

6.4.6.1  Winds.  Winds switch to a southwesterly direction as the Changma front moves over the area.  Average wind speeds are around 6-8 knots in the afternoon, but may gust in excess of 20 knots as West Sea lows develop and move along the frontal boundary.

6.4.6.2  Clouds.  Skies are mostly cloudy or cloudy about 60 percent of the time as the Changma front passes from south to north across Korea.  The Changma usually begins to affect the Pyonggang area between 25 June and 5 July.  Ceilings are frequently reduced to less than 3,000 feet during periods of moderate to heavy rain, with ceilings less than 1,000 feet common over higher terrain. 

6.4.6.3  Visibility.  Visibility less than 3 miles occurs about 10 days per month due to moderate to heavy rain and fog.  

6.4.6.4  Precipitation.  Most of Korea’s annual precipitation is attributed to the summer monsoon.  Roughly 10 inches of precipitation per month falls in July and August associated with the Changma Front.  As much as 16 inches of rain in 24-hours has been recorded.

6.4.6.5  Significant Weather.  Thunderstorms occur an average of 3-4 days per month, usually associated with West Sea Lows moving along the frontal boundary.  Korea experiences its greatest rainfall associated with these systems with widespread flooding possible.

6.4.6.6  Temperatures.  Due to mainly cloudy conditions, daily temperature changes are relatively small with daily highs in the upper 70s(F (26(C) and mean daily lows in the mid-60s(F (19(C).  Extreme high temperatures of 91(F (33(C) and 94(F (34(C) have been recorded in July and August, respectively, with extreme lows of 52(F (11(C) and 47(F (8(C) recorded during the same period.

6.4.6.7  Humidity.  Morning relative humidities average 92 percent, while afternoon relative humidities are generally around 70 percent.

6.4.7  Fall (October).  The polar front moves southward out of Korea as the Asiatic High forms and intensifies.  Precipitation decreases rapidly, occurring only 1 day in 4.  Ceilings and visibilities below 3,000 feet and/or 3 miles occur on only 1 day out of 8.  

6.4.7.1  Winds.  Winds are generally southwesterly and become northwesterly as the polar front pushes south of the area in early October and the Siberian High begins to dominate the area.  Average afternoon wind speeds are around 8 knots.  Winds are usually light and variable from around midnight to mid-morning.

6.4.7.2  Clouds.  Cloud cover gradually decreases from early to late fall as the Siberian High becomes more dominant.  Ceilings and visibilities below 3,000 feet/3 miles are still reported roughly 33 percent of the time, most of which are associated with passage of the polar front.

6.4.7.3  Visibility.  Visibility improves gradually from early to late fall as the polar front pushes south of the area.  Fog restricts visibility to less than 2 miles roughly 10 percent of the time between 0600 and 0800L.

6.4.7.4  Precipitation.  Rainfall occurs an average of 6 days in October, most of which occur near the beginning of the month associated with the migration of the polar front to its mean location south of the peninsula.

6.4.7.5  Significant Weather.  Thunderstorms occur an average of 1 day per month in October.

6.4.7.6  Temperatures.  Average daily highs cool to 61(F (16(C) while average lows are generally around 42(F (6(C).  Extreme October temperatures range from a high of 82(F (28(C) to a low of 21(F (-6(C).

6.4.7.7  Humidity.  Morning relative humidities are around 89 percent, while afternoon humidity is generally 51 percent.

6.5  Sonbong/Unggi.  This study covers an area of about 200 square miles bounded by latitudes 42 degrees 15 minutes to 42 degrees 30 minutes N and longitudes 130 degrees 15 minutes to 130 degrees 30 minutes E.  Sonbong at 42 degrees 19 minutes N, 130 degrees 24 minutes E, lies on the west coast of Unggi Bay, about 1 mile south of Unggi City.  Unggi Bay opens southeastward into Chosan Bay.  The Chinese-Russian-North Korean border is 12 miles northeast.  The Sonjing Mountain Range lies just north of Unggi.  Ridges are oriented from north-northeast to south southwest.  Except for narrow, short valleys associated with streams, the mountains fall steeply into the East Sea.  The only flat terrain of any size consists of two short, narrow valleys associated with the two streams that flow into Unggi Bay.  A large hill with a crest over 650 feet is less than a mile west of Sonbong.  The highest elevation in the study area is 3,740 feet, located slightly over 9 miles northwest.  All slopes are steep; coastal capes and headlands fall dramatically to the sea.  

6.5.1  Semipermanent Meteorological Features. While migratory high- and low-pressure systems control the daily weather, four semi-permanent meteorological features are predominant.

6.5.1.1  Siberian (or Asiatic) High.  This high-pressure cell is formed by the intensely cold winter air of the Asian land mass.  With a mean central pressure of 1,036 mb, the high is usually centered in south-central Mongolia near 43 degrees N, 107 degrees E.  Its cold, dry air dominates the winters with northerly-to-northwesterly winds that extend to 10,000 feet.

6.5.1.2  Okhotsk High.  Sea of Okhotsk highs result from colder air forming over melting sea ice in the East Sea during spring and early summer, and in the Sea of Okhotsk in early July.  This high strengthens onshore winds along the east coast and spreads cooler, moist air throughout the peninsula.  By mid-July, the Sea of Okhotsk ice has melted and the high dissipates.  If this high pressure cell is particularly strong, and/or the polar front is relatively weak, the summertime rains and warmer temperatures will be delayed by several weeks, or fail to occur entirely.  These conditions, leading to drought in north Korea, occur about once every 5 years.

6.5.1.3  Bonin (or North Pacific) High.  This high-pressure cell causes the southeasterly summer flow on the east coast of Asia.  It is strongest in July, with a mean central pressure of 1027 mb and is the dominant feature affecting the peninsula after the northward passage of the Changma front.   During the fall, the cell moves southeast and weakens.

6.5.1.4  Sea Temperatures.  The cold Liman current flows along the East Sea coast.  The cold water modifies warmer air above and produces heavy sea fog.  In January, the average sea surface temperature is 30 to 32 F (-1 to 0 C).  Unggi Bay is partially frozen in winter, usually from December to March.  The port and a channel to the open sea may be kept open by icebreakers.  The pack ice limit is about 5 miles south of the bay.  Sea ice is present from December to April to a line about 20 miles offshore.  Average July sea-surface temperature is about 64 F (18 C).

6.5.2  Synoptic Controls. 

6.5.2.1  Frontal Systems.  Frontal passages occur during any season of the year.  They are usually accompanied by heavy rain in summer, light snow or snow showers in winter or, if dry, dust storms.  In the winter, frontal passages are often accompanied by strong winds which can last up to several hours, rapidly clearing skies, and rapidly building high pressure behind the front.  

6.5.2.1.1  Polar/Arctic Fronts.  Both polar and arctic frontal systems pass the Sonbong/Unggi area from late fall through early spring.  The polar front passes south of Korea by early October, marking the start of cold-air outbreaks from Siberia.  Although they can be modified by the East Sea, these frontal systems bring relatively small amounts of precipitation to the area.

6.5.2.1.2  Changma (or Monsoon) Front.  The Changma front is merely the northward migration of the polar front during the summer months.  Due to the southerly reversal of wind flow associated with the building Bonin High behind the front, the Changma brings unusually heavy rainfall throughout the Korean peninsula, often causing widespread flooding.  More than 60 percent of Korea’s total precipitation falls between the end of May and the end of September.  

6.5.2.2  Low Pressure Systems.  

6.5.2.2.1  Baikal Lows.  Baikal Lows move southeast from the Lake Baikal region and recurve over northwestern north Korea before heading northeastward toward Hokkaido.  They may occur year around, but occur most often in the spring.  With the extremely long continental trajectory, these lows can cause strong dust storms, especially at inland locations.  Very strong low-pressure systems may pass through or over the Asiatic high.

6.5.2.2.2  Manchurian Lows.  Manchurian Lows form near the Amur river basin about 700 miles north of Sonbong.  They travel south, recurve near the western north Korean-Chinese border, then move out to sea.  About eight of these lows a year affect the area, primarily from August to November.

6.5.2.2.3  Mongolian Lows.  Mongolian Lows also occur year around.  They follow a roughly east-west path through northern China and north Korea to northern Japan.  They cause widespread dust storms in the Sonbong/Unggi study area.

6.5.2.2.4  West Sea Lows.  These lows often form on the Polar front while it is still quasi-stationary south of Korea.  They primarily affect the Sonbong/Unggi area in May and June and, occasionally, in September or early October.  They produce 18 to 30 hours of heavy rain and poor flying weather.  Considerable flooding can result. 

6.5.2.2.5  Tropical Systems.  Tropical systems are possible from late June through early September, but affect this area mainly in August.  Storms travel from the south or southeast along the Korean shore before turning out to sea.  There is a 30 percent probability that Sonbong will be affected by a tropical storm or typhoon in any given year.

6.5.3  Local Effects.

6.5.3.1  Land/Sea Breeze.  This circulation is most noticeable in summer.  The sea breeze brings cool air inland along the immediate coast from 1000 or 1100L to sunset.  In the fall, sea-breeze onset can be delayed several hours.  The circulation extends as high as 3,000 to 4,000 feet and normally penetrates 3 to 5 miles inland. Speeds may be as high as 10 knots.  Since Sonbong is on the southwest shore of Unggi Bay and immediately backed by mountains, the sea-breeze circulation is complex; local winds vary considerably from pure onshore - offshore flow.  Large-scale flow patterns may override land/sea breezes.  Winds are weaker or stronger when their directions coincide with the land/sea breeze circulation.  For example, summer southeast winds become stronger in the afternoon with a sea breeze, but weaker at night with the offshore land breeze.  Wind speed differences can be 4-10 knots different than what might otherwise be expected.

6.5.3.2  Mountain Waves.  Under northerly flow, the Sonjing mountains produce strong downslope winds on seaward slopes.  These winds are most common with a strong offshore pressure gradient and a stable lower atmosphere.  Speeds may be up to three times greater immediately seaward of mountain passes and over Unggi Bay under such conditions.  Eastward-facing slopes of the Sonjing mountains are steep, with many cliffs.  Gusts on the lee side of these ridges may double the prevailing speed.

6.5.3.3  “Foehn” (or Chinook) Effects.  The Sonjing range is high enough to cause mild foehn conditions; that is, the successive adiabatic cooling, drying, and warming of air lifted over mountains.  Primarily a winter phenomenon, the foehn results in a temperature increase, a relative humidity decrease, and a cloudiness decrease.  Relative humidity can drop 20 percent.  In many cases it raises winter temperatures to above-freezing.  The duration, however, is short, averaging 6-12 hours.

6.5.3.4  Dry Winds.  Dry winds blow from April to October when a high forms in the East Sea with a low to the north or west.  The resulting southwest winds are cold and dry.  The greatest number of occurrences is in April and May.  They occasionally strengthen to produce dust storms or “black storms.”  The strongest storms have 45- to 50-knot winds with gusts to 85 knots, visibilities of less than 1/16 mile, and relative humidities of 30 percent.

6.5.4  Winter (November-March).  The Siberian High builds throughout the winter season, reaching its maximum strength in January.  Shallow streams will often freeze completely to the bottom, while deeper streams will freeze to a depth of 2 to 3 feet.  A very reliable rule of thumb during the winter is Korea’s, “3 cold and 4 warm-day” cycle.  This time-tested axiom states the tendency for a 3-day cold spell to be followed by 4 days of milder weather.

6.5.4.1  Winds.  Winds are primarily (80 percent of the time) from the northwest at 12-17 knots.  Afternoon gusts can exceed 25 knots.  Winds are generally calm  at night in inland mountain valleys.  Winds above 30 knots are usually caused by frontal systems and the resulting strong Siberian outbreaks that follow them.  Truck transport through exposed mountain passes may be hindered by high winds.  Ship movements in and out of Unggi Bay and loading/unloading operations at the port are also affected.

6.5.4.2  Clouds.  Winter skies are mostly clear, with only occasional thin cirrus over the port.  In the afternoons (1300 to 1500L), small, isolated altocumulus forms over the Sonjing Mountains with 7,000-foot bases and 12,000-foot tops.  On very rare occasions, thicker clouds occur behind a low in the East Sea; bases are 5,000 feet, with tops to 12,000 feet.

6.5.4.3  Visibility.  Daytime visibility is excellent throughout the winter, but haze caused by pollution occurs in the immediate area of Sonbong on winter mornings from 0900 to 1100L.  Fog lowers visibility to less than 1 mile on 25-30 percent of winter days with worst conditions occurring 0900 to 1100L.  Blowing snow occurs with wind speeds above 18 knots, especially with newly-fallen snow; visibilities can be as low as 1/16 mile.  Ice fog can lower visibility to 1/16-1/8 mile with temperatures of -10 F or lower in Sonbong and Unggi proper in December and January.  Above 6,500 feet AGL, visibilities are almost always unrestricted.

6.5.4.4  Precipitation.  Precipitation is uncommon, occurring only with intense lows that travel along the coast of the East Sea.  The rare snow shower, producing heavy precipitation, occurs with these systems.  Mean first snowfall date is 1 November.  Expect precipitation less than 2 days a winter month; almost all precipitation falls as snow in December through February.  About half the coastal precipitation in November and March falls as rain, while most inland precipitation falls as snow throughout the winter.  Maximum 24-hour precipitation is about 2.0 inches in  November and March.  December and January maximum 24-hour totals are between 0.4 and 1.1 inches.  Mean monthly precipitation is less than an inch. Expect the least precipitation when the Asiatic high is most intense.

6.5.4.5  Snow Cover.  Snow cover is relatively common from the beginning of December through March along the coast; inland and higher locations may have snow cover through April.  Maximum snow depth at Sonbong is slightly over 16 inches.  Snow cover is present on 1 day out of 5.

6.5.4.6  Significant Weather.  Thunderstorms occur only once every five winters.  Due to the extreme cold and dryness, aircraft icing is not a winter problem.  With the almost constant strong northerly winds, mountain turbulence can be severe within 150 miles downwind of mountain peaks.  Seas offshore under such conditions become rough;  ship traffic in and out of Unggi Bay and other harbors becomes difficult.  Wind chills fall into the “very cold” range (<-25(F/-32(C) on 1 day in 4; extreme conditions from December through February drop into the “bitterly cold” (<-70(F/-60(C) category.

6.5.4.7  Temperatures.  Extreme Sonbong/Unggi temperatures range from 42 to -12(F (6 to -24(C) in January.  Normal high and low is 22(F and 9(F (-6 and -13(C) respectively.  Expect above-freezing conditions during a foehn.  The surrounding mountains usually protect Sonbong from the intensely cold Siberian airmasses.  Wind-chill temperatures along the coast can be as low as -30(F (-34(C) in January, but average from 10(F to -5(F 

(-12 to -21(C).  Wind chills inland of the immediate coast can drop to well below -50(F (-45(C) with strong northwest or northerly winds.  

6.5.4.8  Humidity.  Morning relative humidity is around 80 percent, while afternoon humidity averages 55 percent.

6.5.5  Spring (April).  The Asiatic High weakens as the land warms.  The transition from winter to summer is typically 3 weeks.  

6.5.5.1  Winds.  Winds become more variable.  Wind speeds are lower in the spring than in winter, averaging 8-12 knots.  Frontal passages can cause strong, gusty winds in excess of 30 knots.  Prevailing directions are southeasterly and northwesterly.  Enhanced winds below mountain passes and in Unggi Bay diminish slightly, but remain a problem.

6.5.5.2  Clouds.  As onshore winds become better established, skies become cloudier.  Overcast skies generally occur with southerly winds and as clear skies occur with northerly winds.  Expect lowest ceilings in the latter part of the month. Skies are obscured about 8 percent of the time in dense sea fog.  Tops of obscurations are usually less than 5,000 feet.

6.5.5.3  Visibility.  Fog frequency increases, with average morning visibility reduced to less than 2 miles.  Fog occurs about 40 percent of the time between 2100 and 0900L.  Dense fog, with visibilities less than 1 mile, occurs an average of 4 days in April.  Visibility in drizzle is usually less than 1/4 mile.  Blowing snow is very rare in April but blowing dust or sand occurs an average of 3 days at inland locations.  

6.5.5.4  Precipitation.  About 67 percent of precipitation falls as rain or drizzle, 14 percent as snow, and 19 percent mixed.  Mean date of last snowfall is 17 April.  While it typically rains or snows an average of 7 days in April, Sonbong only experiences more than 0.40 inches of precipitation on 1 day.  Maximum 24-hour precipitation is 1.4 inches.  

6.5.5.5  Significant Weather.  As the air warms and the clouds increase, the probability of severe aircraft icing increases.  Although rare, thunderstorms and hail can occur in April.    As the air becomes less stable and wind speeds decrease, mountain-wave turbulence becomes more widespread but less severe.  Wind chills in early April can still reach the “very cold” (<-25(F/-32(C) category.

6.5.5.6  Temperatures.  Extreme temperatures in April range from 74 to 19(F (23 to -7(C).  Average highs and lows are 50 and 35(F (10 and 2(C) respectively.  The broad range reflects the transition and increasing onshore coastal winds.  

6.5.5.7  Humidity.  Coastal relative humidity increases, averaging from 80 percent in the morning to around 65 percent in the afternoon.

6.5.6  Summer (May-September).  Warm and moist onshore flow brings extensive low clouds, rain, and drizzle.  Major storms moving through northern Korea and into the East Sea bring heavy rains.  An occasional typhoon moving through the East Sea sometimes causes torrential rains and high winds. 

6.5.6.1  Winds.  Surface winds are predominantly southeasterly, persisting to heights of 3,500 to 7,000 feet.  Sonbong winds are strongest during the early part of the afternoon, reaching speeds of 18-20 knots.  Wind speeds tend to be lower at night, averaging 9-12 knots.  A true land/sea breeze circulation is generally not established until late in the season.  Gusts associated with both extratropical storms and typhoons have reached 85 knots. 

6.5.6.2  Clouds.  The onset of southerly flow leads to significant cloudiness.  During June and July, Sonbong is overcast nearly two-thirds of the time.  Low cloud bases are generally between 1,000 and 3,000 feet, but bases below 200 feet are common in heavier rainshowers and dense sea fog.  The low cloud deck is often fairly solid to 10,000 feet, with broken altocumulus decks above.  Toward the end of the season, the heavy overcast decreases as the region transitions to fall.  Sonjing mountain tops are often obscured above 2,000 feet. 

6.5.6.3  Visibility.  Moist, southeasterly flow increases the occurrence of fog, which normally establishes itself after midnight and does not dissipate until late morning.  During June and July, Sonbong reports up to 19 days of fog which restricts visibility below 3 miles; fog obscures visibility to less than 1 mile an average of 8 days.  In may, August, and September, visibilities less than 1 mile in fog can be expected on about 6 days a month.  

6.5.6.4  Precipitation.  Most precipitation occurring this time of year is associated with the Changma front.  Very heavy rain can fall in a short period of time with the passage of a tropical cyclone--in one instance, 8 inches fell in a single 24-hour period.  During May, Sonbong averages 2.8 inches of precipitation.  This increases to 7.9 inches in August as the storm track crosses the region.  Rain causes deep mud in unpaved areas. 

6.5.6.5  Significant Weather.  Thunderstorms are rare, averaging 2-3 days a month.  Hail is also rare, due to high freezing levels.  Tropical storms passing near Sonbong take one of two tracks.  The most common is through the Tsushima Strait and into the East Sea.  The second is through the West Sea, recurving to follow the trough through the Sonbong area. Conditions favoring either of these two tracks are present from mid-July through September.

6.5.6.6  Temperatures.  Sonbong temperatures remain low through the summer due to the moderating effects of surrounding waters and the nearly continuous presence of heavy cloud cover.  High temperatures for May average 58(F (14(C), while mean lows are 42(F (6(C).  During August, daily highs reach the middle 70s(F (mid-20s(C); daily lows fall only into the middle 60s(F (18(C).  The extreme high recorded at Sonbong was 

98(F (37(C).

6.5.6.7  Humidity.  Relative humidity averages around 90 percent in the morning and 75 percent in the afternoon.

6.5.7  Fall (October).  The Pacific High moves southeast and weakens and frontal passages become more frequent.  Seas remain relatively warm.

6.5.7.1  Winds.  Winds vary between southeasterly in the afternoon to northwesterly at night and early morning.  Afternoon wind direction shifts to northwesterly as the Siberian outbreaks begin.  Afternoon wind speeds are 12-16 knots from either direction.  Night winds average 12-16 knots, with occasional gusts to 25 knots, reflecting strong drainage winds and Siberian systems.  Maximum winds, occurring with strong late October Siberian surges, are 40-45 knots with gusts as high as 66 knots.

6.5.7.2  Clouds.  Cloud amounts decrease rapidly.  Skies are virtually clear by month’s end.

6.5.7.3  Visibility.  Fog, smoke, and haze occur about 10 percent of the time from 0900 to 1100L; average visibility is 2-3 miles.  Dust storms occur inland during frontal passage with short periods of 1/16-3/16-mile visibilities.  Snowstorms, with visibilities reduced to less than 1/16 mile are very rare but they can occur in late October.  Visibility in heavy drizzle is usually less than 1/4 mile.  Fog, dust, and snow can cause significant sea, air, and land transportation problems.

6.5.7.4  Precipitation.   Although snow can occur in late October, most precipitation falls as rain or drizzle and is spread over 4 to 5 days early in the month.  Monthly amounts range from 0.1 to 7.2 inches with an average of 2.4 inches.  Maximum 24-hour precipitation is 3.4 inches.

6.5.7.5  Significant Weather.  Thunderstorms become almost non-existent by mid-month over the coast, but a few may occur over higher ridges inland, associated with frontal passages.  Favored time for thunderstorm development is from 1500 to 2100L.  Lowering temperatures and moist conditions make moderate to severe icing likely above the freezing level.  With strengthening wind speed, mountain-wave turbulence increases.  By the end of October, wind chills can approach the “very cold” (-25(F/-32(C) category.

6.5.7.6  Temperatures.  Temperatures drop rapidly as the strengthening Asiatic High intensifies.  Extreme temperatures range from 77 to 20(F (24 to -7(C).  Mean high is 59(F (15(C);  mean low, 42(F (6(C).

6.5.7.7  Humidity.  Morning relative humidity is near 80 percent and afternoon humidity averages 60 percent.

6.6  Sinuiju.  Sinuiju lies on the southeast bank of the Yalu River.  Dandong, China, its sister (and somewhat larger) city lies directly across the Yalu.  One of the few major highway/railway bridges across the Yalu connects the two.  The Yalu runs northeast-southwest, emptying into the West Sea some 15 miles to the southwest.  Forested hills reach elevations of nearly 1,700 feet within 5 miles of Sinuiju, north of the Yalu river in China.  Northeast-to-southwest oriented ridges peak at nearly 3,000 feet to the east.  All have relatively narrow, steep canyons and stream beds.  The Yalu delta begins in the immediate Sinuiju area and extends south and southwestward to the West Sea.  

6.6.1  Semipermanent Meteorological Features.  While migratory high- and low-pressure systems control the daily weather, four semi-permanent seasonal features are predominant.

6.6.1.1  Siberian (or Asiatic) High.  This high-pressure cell is formed by the intensely cold winter air over the Asian land mass.  With a mean central pressure of 1,036 mb, the high is usually centered in south-central Mongolia near 43 degrees N, 107 degrees E.  Its cold, dry air dominates the winters with northerly to northwesterly winds that extend to 10,000 feet.

6.6.1.2  Okhotsk High.  Sea of Okhotsk highs result from colder air forming over melting sea ice in the East Sea during spring and early summer, and in the Sea of Okhotsk in early July.  This high strengthens onshore winds along the east coast and spreads cooler, moist air throughout the peninsula.  By mid-July, the Sea of Okhotsk ice has melted and the high dissipates.  If this high pressure cell is particularly strong, and/or the polar front is relatively weak, the summertime rains and warmer temperatures will be delayed by several weeks, or fail to occur entirely.  These conditions, leading to drought in north Korea, occur about once every 5 years.

6.6.1.3  Bonin (or West Pacific) High. This high-pressure cell causes the southeasterly summer flow on the east coast of Asia.  It is strongest in July, with a mean central pressure of 1027 mb and is the dominant feature affecting the peninsula after the northward passage of the Changma front.   During the fall, the cell moves southeast and weakens.

6.6.1.4  Sea Currents and Temperatures.  The West Sea has its own circulation pattern.  There is a very slow counter-clockwise gyre in Korea Bay for all but the coldest months of the year.  During January and February, however, the sustained northerly and northwesterly winds maintain an offshore drift.  Speed of the current is generally less than 0.5 knot throughout the year.  Sea-surface temperatures range from near 40(F (3(C) along the immediate shoreline from December through mid-March, to just below 75(F (23(C) in August. 

6.6.2  Synoptic Controls.

6.6.2.1  Frontal Systems. Frontal passages occur during any season of the year.  They are usually accompanied by heavy rain in summer, light snow or snow showers in winter or, if dry, dust storms.  In the winter, frontal passages are often accompanied by strong winds which can last up to several hours, rapidly clearing skies, and rapidly building high pressure behind the front.  

6.6.2.1.1  Polar/Arctic Fronts.  Both polar and arctic frontal systems pass Sinuiju from late fall through early spring.  The polar front passes south of Korea by early October, marking the start of cold-air outbreaks from Siberia.  Although they can be modified by the West Sea, these frontal systems bring relatively small amounts of precipitation to the area.

6.6.2.1.2  Changma (or Monsoon) Front.  The Changma front is merely the northward migration of the polar front during the summer months.  Due to the southerly reversal of wind flow associated with the building Bonin High behind the front, the Changma brings unusually heavy rainfall throughout the Korean peninsula, often causing widespread flooding.  More than 60 percent of Korea’s total precipitation falls between the end of May and the end of September.  

6.6.2.2  Low Pressure Systems. 

6.6.2.2.1  Baikal Lows.  Baikal Lows southeast from the Lake Baikal region and recurve over northwestern north Korea before heading northeastward toward Hokkaido.  They are primarily a springtime phenomena.  With their extremely long continental trajectories, they can cause strong dust storms.  Very strong low-pressure systems may pass through or over the Asiatic high.

6.6.2.2.2  Mongolian Lows.  Mongolian Lows form year around and are the most common type of low in the region. They follow a path through northern China and north Korea to northern Japan and can cause widespread dust storms.

6.6.2.2.3  West Sea Lows.  These lows often form on the Polar front while it is still quasi-stationary south of Korea.  They primarily affect Sinuiju in May and June and, occasionally, in September or early October.  They produce 18 to 30 hours of heavy rain and poor flying weather.  Considerable flooding can result. 

6.6.2.2.4  Tropical Systems.  Tropical Systems are possible from late June through September, but they affect north Korea mostly in August and September.  Storms travel from the south or southwest through the West and curve northeastward or eastward across the Korean peninsula.  There is a 30 percent probability that Sinuiju will be affected by a tropical storm or typhoon in any given year.  Typhoons have usually weakened substantially by the time they reach north Korea, but they are still capable of causing heavy precipitation. 

6.6.3  Local Effects.

6.6.3.1  Mountain Waves.  Although the hills and mountains near Sinuiju shelter it from the strong northwesterly winds during the winter, some peaks are high enough to produce turbulence and strong downslope lee-side winds with strong northwesterly flow.

6.6.4  Winter (November-March).  The Siberian High builds throughout the winter season, reaching its maximum strength in January.  Shallow streams will often freeze completely to the bottom, while deeper streams will freeze to a depth of 2 to 3 feet.  A very reliable rule of thumb during the winter is Korea’s, “3 cold and 4 warm-day” cycle.  This time-tested axiom states the tendency for a 3-day cold spell to be followed by 4 days of milder weather.

6.6.4.1  Winds.  Sinuiju's lee-side location shelters it from strong northwesterly winter flow.  In the absence of Siberian outbreaks, winds are often determined by local topography and follow a diurnal pattern. Northeasterly drainage winds from the hills north and east of Sinuiju occur at night and in the morning. By late morning, solar heating causes them to switch to the south.  Average wind speeds under such conditions are generally light, usually 5 knots or less.  Winds greater than 25 knots occur with strong Siberian outbreaks.  Winds may gust as high as 45 knots in extreme cases.

6.6.4.2  Clouds.  Winter skies are clear about 60 percent of the time, with January being the clearest month.  

6.6.4.3  Visibility.  Daytime visibility is excellent throughout the winter.  Morning fog restricts visibility from 0600L to 1100L, 40 to 60 percent of the time.  Visibility usually drops to less than 3 miles near sunrise when fog is present.  Fog usually dissipates by afternoon.

6.6.4.4  Precipitation.  Precipitation is usually light.  It occurs on an average of 7 days in November, decreasing to only 5 to 6 days a month from December through February. During November, only about 25 percent of monthly precipitation falls as snow. From December through February, snow accounts for 80 percent of the precipitation, and falls over a period of 5 days.  Only about 50 percent of precipitation falls as snow by March.  Precipitation averages less than 1 inch a month from December through February, with 1.1 inches falling in March.  The average date of the first snowfall at Sinuiju is mid-November.   The last snowfall is usually at the end of March.

6.6.4.5  Snow Cover.  Snow remains on the ground on more than half the days during December and January.

6.6.4.6  Significant Weather.  Winter thunderstorms are extremely rare.  Aircraft icing is rarely a problem.  Turbulence can be expected over the surrounding hills during strong Siberian outbreaks. 

6.6.4.7  Temperatures.  Sinuiju temperatures range from 48(F to -10(F (9(C to -23( C) in January.  The average January high is 26(F (-3(C) and the average low, 11(F (-11(C). Freezing temperatures occur every day from early December through late March.  The average freeze date for the soil in the Sinuiju area is late November; the average thaw date is early March.  Average highs are 43 to 45(F (6 to 7(C) in November and March and about 32(F (0(C) in December and February.  Average lows are about 30(F (-1(C) during November and March and 17(F (-8(C) in December and February. 

6.6.4.8  Humidity.  Relative humidities average 72 percent in the morning and 49 percent in the afternoon.  

6.6.5  Spring (April).  The Asiatic High weakens as the Asian land mass warms.

6.6.5.1  Winds.  Surface winds at Sinuiju are similar to winter.  Winds in the absence of Siberian outbreaks are light and variable much of the time, but northeasterly winds less than 5 knots prevail during night and morning.  Southerly winds less than 5 knots prevail in the afternoon.  Winds greater than 25 knots are rare, but winds as high as 40 knots have been recorded.

6.6.5.2  Clouds.  Clouds increase as moist southerly flow becomes established over Korea.  Skies are clear about 40 percent of the time; overcast skies occur with about the same frequency.  

6.6.5.3  Visibility.  Fog occurs on 15 days in April and is most prevalent from 0600L to 1100L, but  usually dissipates by afternoon.  Visibility is generally reduced to 2 to 3 miles in fog, but can be less than 1 mile about 5 percent of the time.

6.6.5.4  Precipitation.  Precipitation averages 2 inches and is spread over 9 days in April; most falls as rain or drizzle.  Although the average date for the last snowfall is near the end of March, it has occurred in early April.

6.6.5.5  Significant Weather.  Thunderstorms are rare, but hail is possible in and around them.   Increased moisture aloft increases the probability of aircraft icing.  

6.6.5.6  Temperatures.  April temperatures range from 81 to 27(F (27 to -3(C).  Average highs and lows are 57 and 41(F (14 and 5(C) respectively.

6.6.5.7  Humidity.  Relative humidity averages 79 percent in the morning and 41 percent in the afternoon.

6.6.6  Summer (May-September).  Warm and moist southerly flow over Korea is maintained by the North Pacific High.  Major storms move along the Changma front through Korea and into the East Sea, causing heavy precipitation, mainly during July, August, and September.

6.6.6.1  Winds.  Local topography still dominates surface winds.  Winds in summer are mostly northeasterly during night and morning and southwesterly during the afternoon, with an average speed of 4 knots.  Winds over 25 knots are rare, and are usually caused by extratropical lows or the remains of a typhoon.  Winds as high as 45 knots have occurred, almost always associated with tropical systems.

6.6.6.2  Clouds.  Summers are cloudy.  June and July are the cloudiest months, with skies being mostly cloudy more than 60 percent of the time and overcast 45 percent of the time.  Ceilings are reported below 3,000 feet 35 to 40 percent of the time and below 1,500 feet about 25 percent of the time.  Worst conditions occur in the early morning. Cloudiness decreases toward the end of the season.

6.6.6.3  Visibility.  Fog forms on 13-21 days a month during summer.  Much of the fog is associated with the heavy rains occurring with the Changma front and associated low pressure systems. July is the worst month for fog.  Radiation fog forms around midnight and lasts until late morning or early afternoon with the worst conditions occurring between 0600 and 0800L.  Visibility is usually around 2-3 miles in fog, but can decrease to less than 1/2 mile at dawn nearly 15 percent of the time.

6.6.6.4  Precipitation.  Almost all precipitation is caused by frontal systems and extratropical cyclones.  During May, Sinuiju averages 3.4 inches, increasing in July and August to nearly 11.0 inches as the Changma front crosses north Korea, and decreases to 4.1 inches in September.  Very heavy rain caused by the passage of a tropical cyclone can yield as much as 12 inches of rain in a 24-hour period, causing flooding and making roads impassable.  

6.6.6.5  Significant Weather.  Thunderstorms occur on 1 to 2 days a month, but hail is rare due to high freezing levels.  Tropical storms can affect Sinuiju from early July through September, with the greatest chance of occurrence in August or September. A typhoon affects north Korea about once every 2 years.

6.6.6.6  Temperatures.  Average highs range from 67(F (20(C) in May to 82(F (27(C) in August.  Extreme summer highs reach 97(F (36(C) during August.  Average lows range from 52(F (11(C) in May to 69(F (20(C) in July and August.  Extreme summer lows fall to 37(F (3(C) in May.

6.6.6.7  Humidity.  Relative humidities average 90-93 percent in the morning from July to September with afternoon humidities of 55-74 percent.

6.6.7  Fall (October).  The North Pacific High moves southeast and weakens.   Cooling of the Asian land mass causes the Asian or Siberian High to re-develop.  The Polar front moves south of Sinuiju, bringing cooler temperatures and lower relative humidities.

6.6.7.1  Winds.  Local topography continues to control local winds, which are northeasterly at 5 knots at night and in the morning and light southerly in the afternoon.  Maximum speeds only reach 20 knots with the earliest of the Siberian outbreaks.

6.6.7.2  Clouds.  Cloudiness decreases during October with clear skies reported about 45 percent of the time (usually near the end of the month), and overcast conditions about 26 percent of the time (usually at the beginning of the month).    

6.6.7.3  Visibility.  Visibilities are good most of the time except for the early morning.  Fog occurs on 13 days of the month, usually from 0600 to 1200L.  Visibility in fog is usually around 2-3 miles.

6.6.7.4  Precipitation.  October precipitation of 2.1 inches is about half the amount that  accumulates in September.  It falls on 7 days a month, mostly during the first half.  Most precipitation falls as rain or drizzle, but snow can fall toward the end of the month.

6.6.7.5  Significant Weather.  Thunderstorms occur an average of one day in October.

6.6.7.6  Temperatures.  As the Asiatic High strengthens, temperatures begin to drop.  Extreme temperatures range from 83(F (28(C) to 25(F (-4(C).  The average high is 61(F (16(C) and the average low, 44(F (7(C).

6.6.7.7  Humidity.  Relative humidities average 79 percent in the morning and 50 percent in the afternoon.

6.7  Supung.  Supung lies on the southeast bank of the Yalu River, 25 miles upstream from the West Sea.  Nearby terrain consists of mountains and hills, with the highest peaks to the east of Supung.  Heights gradually decrease to the southwest toward the West Sea.  The highest peaks at 5,606 feet and 4,836 feet are about 54 miles and 21 miles east of Supung, respectively.  One hill of 1,856 feet lies 3 miles south-southwest and a second of 1,925 feet lies 6 miles east-southeast.  Hills north of the Yalu River in China range in height from over 1,900 feet to almost 3,000 feet.  To the west and southwest, the hills decrease in height to 1,400 to 2,000 feet.

6.7.1  Semipermanent Meteorological Features.  While migratory high- and low-pressure systems control the daily weather, three semi-permanent seasonal features are predominant.

6.7.1.1  Siberian (or Asiatic) High.  This high-pressure cell is formed by the intensely cold winter air over the Asian land mass.  With an average central pressure of 1036 mb, the high is usually centered in south-central Mongolia near 43 degrees N, 107 degrees E.  Its cold, dry air dominates the winters with northerly to northwesterly winds that extend to 10,000 feet.

6.7.1.2  Okhotsk High.  Sea of Okhotsk highs result from colder air forming over melting sea ice in the East Sea during spring and early summer, and in the Sea of Okhotsk in early July.  This high strengthens onshore winds along the east coast and spreads cooler, moist air throughout the peninsula.  By mid-July, the Sea of Okhotsk ice has melted and the high dissipates.  If this high pressure cell is particularly strong, and/or the polar front is relatively weak, the summertime rains and warmer temperatures will be delayed by several weeks, or fail to occur entirely.  These conditions, leading to drought in north Korea, occur about once every 5 years.

6.7.1.3  Bonin (or North Pacific) High.  This high-pressure cell causes the southeasterly summer flow on the east coast of Asia.  It is strongest in July, with a mean central pressure of 1027 mb and is the dominant feature affecting the peninsula after the northward passage of the Changma front.   During the fall, the cell moves southeast and weakens.

6.7.2  Synoptic Controls.

6.7.2.1  Frontal Systems.  Frontal passages occur during any season of the year.  They are usually accompanied by heavy rain in summer, light snow or snow showers in winter or, if dry, dust storms.  In the winter, frontal passages are often accompanied by strong winds which can last up to several hours, rapidly clearing skies, and rapidly building high pressure behind the front.  

6.7.2.1.1  Polar/Arctic Fronts.  Both polar and arctic frontal systems pass the Supung area from late fall through early spring.  The polar front passes south of Korea by early October, marking the start of cold-air outbreaks from Siberia.  Although they can be modified by the West Sea, these frontal systems bring relatively small amounts of precipitation to the area.

6.7.2.1.2  Changma (or Monsoon) Front.  The Changma front is merely the northward migration of the polar front during the summer months.  Due to the southerly reversal of wind flow associated with the building Bonin High behind the front, the Changma brings unusually heavy rainfall throughout the Korean peninsula, often causing widespread flooding.  More than 60 percent of Korea’s total precipitation falls between the end of May and the end of September.  

6.7.2.2  Low Pressure Systems.  

6.7.2.2.1  Baikal Lows.  Baikal Lows move southeast from the Lake Baikal region and recurve over northwestern north Korea before heading northeastward toward Hokkaido.  They are primarily a springtime phenomena.  With their extremely long continental trajectories, they can cause strong dust storms, particularly at inland locations.  Very strong low-pressure systems may pass through or over the Asiatic high.

6.7.2.2.2  Mongolian Lows.  Mongolian Lows form year around and are the most common type of low in the region.  They follow a path through northern China and north Korea to northern Japan and can cause widespread dust storms.

6.6.2.2.3  West Sea Lows.  These lows often form on the Polar front while it is still quasi-stationary south of Korea.  They primarily affect Supung in May and June and, occasionally, in September or early October.  They produce 18 to 30 hours of heavy rain and poor flying weather.  Considerable flooding can result. 

6.7.2.2.3  Tropical Systems.  Tropical Systems are possible from late June through September, but they affect north Korea mostly in August and September.  Storms travel from the south or southwest through the West Sea and curve northeastward or eastward across the Korean peninsula.  There is a 30 percent probability that Supung will be affected by a tropical storm or typhoon in any given year.  Typhoons have usually weakened considerably by the time they reach north Korea, but they are still capable of producing heavy precipitation. 

6.7.3  Local Effects. 

6.7.3.1  Mountain Waves.  Although the hills and mountains near Supung shelter it from the strong northwesterly winds during the winter, some peaks are high enough to produce turbulence and strong downslope lee-side winds with strong northwesterly flow.

6.7.4  Winter (November-March).  The Siberian High builds throughout the winter season, reaching its maximum strength in January.  Shallow streams will often freeze completely to the bottom, while deeper streams will freeze to a depth of 2 to 3 feet.  A very reliable rule of thumb during the winter is Korea’s, “3 cold and 4 warm-day” cycle.  This time-tested axiom states the tendency for a 3-day cold spell to be followed by 4 days of milder weather.

6.7.4.1  Winds.  Supung’s lee-side location shelters it from strong northwesterly winter flow.  Winds at Supung are primarily determined by local topography and follow a diurnal pattern.  Southerly drainage winds from the hills south of Supung occur at night and in the morning.  By late morning, a valley breeze causes them to switch to the north. Average wind speeds are generally light, usually 5 knots or less.  Winds greater than 25 knots are rare, but winds as high as 45 knots have occurred at Supung.

6.7.4.2  Clouds.  Winter skies are clear about 60 percent of the time with January being the clearest month.

6.7.4.3  Visibility.  Daytime visibility is excellent throughout the winter.  Morning fog restricts visibility an average of 4-6 days per month, with worst conditions occurring between 0600L and 1100L.  Visibility drops to less than 1 mile for short periods.  Fog usually dissipates by afternoon.

6.7.4.4  Precipitation.  Precipitation occurs on 9 days in November, decreasing to only 4 to 5 days a month from January through March.  During November, only about 25 percent of the monthly precipitation total falls as snow.  Snow accounts for 80 percent of the precipitation in December and 90 percent in January and February.  By March, only 50 percent of the monthly precipitation falls as snow.  Precipitation averages less than 1 inch a month throughout the winter, with January and February averaging less than 0.5 inch.  Snow, usually light, falls on about 5 days a month from December through March.  The average date of the first snowfall at Supung is mid-November; the last snowfall is usually the end of March.

6.7.4.5  Snow Cover.  Snow covers the ground on more than half the days during December and January.

6.7.4.6  Significant Weather.  Winter thunderstorms are extremely rare.  Aircraft icing is usually not a problem because of the extremely cold and dry air.

6.7.4.7  Temperatures.  Supung temperature extremes range from 43(F to -21(F (6(C to -29(C) in January.  The average January high is 24(F (-4(C) and the average low is 5(F (-15(C).  Freezing temperatures occur every day from about the second week of November through almost the end of March.  The average freeze date for the soil in the Supung area is mid-November; the average thaw date is mid-March.  Average highs are 43 to 45(F 

(6 to 7(C) in November and March and about 30(F (-11(C) in December and February.  Average lows are about 26(F (-3(C) during November and March and 13(F (-11(C) in December and February.

6.7.4.8  Humidity.  Relative humidities average 75 percent in the morning and 48 percent in the afternoon. 

6.7.5  Spring (April).  The Asiatic High weakens as the Asian land mass warms.

6.7.5.1  Winds. Surface winds at Supung are similar to winter; topography is still the controlling factor.  Winds are light and variable much of the time, but southerly winds less than 5 knots  prevail during night and morning.  Northerly winds less than 5 knots prevail in the afternoon.  Winds greater than 25 knots are rare, but have been recorded as high as 40 knots.

6.7.5.2  Clouds.  Clouds increase as moist southerly flow becomes established over Korea.  Skies are generally clear about 40 percent of the time while overcast skies occur with about the same frequency.

6.7.5.3  Visibility.  Fog obstructs visibility on roughly 4 days in April with worst conditions occurring between 0600L and 1100L, but it usually dissipates by afternoon. Visibility is generally 2 to 3 miles in fog, but can be reduced to less than 1 mile about 5 percent of the time.

6.7.5.4  Precipitation.  Precipitation averages 2 inches and occurs on 9 days in April with most falling as rain or drizzle.  April averages 1 day with snowfall.

6.7.5.5  Significant Weather.  Although thunderstorms are rare, occurring on only 1 day in April, they can be accompanied by hail.  Increased moisture aloft also increases the probability of aircraft icing.  

6.7.5.6  Temperatures.  Extreme April temperatures range from 80 to 23(F (27 to -5(C). Average highs and lows are 59 and 38(F (15 and 3(C), respectively.

6.7.5.7  Humidity.  Relative humidity averages 78 percent in the morning and 40 percent in the afternoon. 

6.7.6  Summer (May-September).  Warm, moist southerly flow over Korea is maintained by North Pacific High.  Major storms associated with the Changma front move through north Korea and into the East sea causing heavy precipitation, mainly during July and August.

6.7.6.1  Winds.  Local topography still dominates surface winds.  Winds in summer are mostly light and variable, but southerly during night and morning and northerly during the afternoon, with an average speed of 4 knots.  Winds over 25 knots are rare, and are usually caused by extratropical storms.  Winds as high as 45 knots have occurred in August and September associated with such systems .

6.7.6.2  Clouds.  Summers are cloudy.  July is the cloudiest month of the year, with mostly cloudy skies reported more than 70 percent of the time, and overcast conditions occurring 50 percent of the time.  Ceilings are below 3,000 feet 25 to 30 percent of the time and below 1,500 feet about 10 percent of the time.  Cloudiness decreases toward the end of the season.

6.7.6.3  Visibility.  Fog forms on 11-15 days a month during summer with July being the worst month.  Radiation fog forms around midnight 35-40 percent of the time and lasts until late morning or early afternoon. Visibility is usually 2-3 miles, but can decrease to less than 1/2 mile 10-16 percent of the time. The worst visibility usually occurs between 0600 and 0800L.

6.7.6.4  Precipitation.  During May, Supung averages 3.5 inches, increasing to 7.9 inches in July and August as the Changma front crosses north Korea.  Precipitation amounts decrease to 3.9 inches in September Very heavy rain associated with the passage of a tropical cyclone can produce as much as 10 inches of rain in a 24-hour period, causing flooding and making roads impassable.

6.7.6.5  Significant Weather.  Thunderstorms occur on an average of 4 to 5 days a month, but hail is rare due to high freezing levels.  Tropical storms that move from the south and southwest across the West Sea can affect Supung from late June through September, but are most likely in August and September.  A typhoon affects north Korea about once every 2 years.

6.7.6.6  Temperatures.  Average highs range from 71(F (22(C) in May to 81(F (27(C) in July and August.  Extreme highs reach 100(F (38(C) during July and August.  Average lows range from 50(F (10(C) in May to 67(F (19(C) in July.  Extreme lows fall to 35(F (2(C) in May and September.

6.7.6.7  Humidity.  Relative humidities average 90-94 percent in the morning from July to September; afternoon humidities are 55-70 percent. 

6.7.7  Fall (October).  The North Pacific High moves southeast and weakens.  Cooling of the Asian land mass causes the Asian or Siberian High to re-develop.  The Polar front moves south of Supung; the result is a pleasant month with moderate temperatures.

6.7.7.1  Winds.  Local topography continues to control local winds, which are southerly at 5 knots at night and in the morning and light northerly in the afternoon.  Maximum speeds only reach 20 knots.

6.7.7.2  Clouds.  Cloudiness decreases during October.  Skies are clear about 45 percent of the time (primarily at the end of the month), and overcast about 26 percent of the time.

6.7.7.3  Visibility.  Visibilities are good most of the time.  Fog occurs on 8 days of the month and is at its worst from 0600 to 1400L.  Visibility in fog is usually restricted to 2-3 miles.

6.7.7.4  Precipitation.  Monthly precipitation of about 2 inches is roughly half September’s total.  It is spread over 8 days, occurring mostly in the first half of the month.  Most precipitation falls in the form of rain, but snow falls an average of 1 day in October.

6.7.7.5  Significant Weather.  Thunderstorms occur an average of 2 days in October, usually toward the beginning of the month.

6.7.7.6  Temperatures.  As the Asiatic High strengthens, temperatures drop, ranging from 79(F (26(C) to 23(F (-5(C).  The average high is 61(F (16(C) and the average low is 41(F (5(C). 

6.7.7.7  Humidity.  Relative humidities average 82 percent in the morning and 46 percent in the afternoon.

6.8  Kaech’on/Pakch’on.  The center of the study area (39 degrees 47' 08" N 125 degrees 45' 02" E) is located in north Korea’s North P’yongan province in the extreme northwestern portion of the Korean peninsula.  The point lies on a branch of the Ch’ongch’ong River, with the Taenyong River located 12 miles to the west.  A small stream also flows into the Ch’ongch’ong River from the northwest at the point.  The small town of Un-dong is within a mile of the point to the west-southwest.  The larger town of Kaech’on is located 10 miles to the southeast.  The site is 35 miles east of Korea Bay and 52 miles north of the capital, Pyongyang.  The point sits at the southeastern edge of a swampy area, which extends approximately 6 miles east to west and four miles north to south. The region is surrounded by woods, with wooded areas abutting the point to the east and south.  The swampy area is flat, about 300 feet above sea level.  Some hills (elevation: 1,600 feet) are located within a mile of the point to the northeast.  Some higher peaks are within 15 miles north-northwest of the point, with Hyangjok Mountain rising to 2,566 feet MSL and Paekpyok Mountain at 2,959 feet MSL.  The entire area is on the western edge of the Myohang Mountain Range that has peaks between 5,000 and 6,000 feet MSL.  The area southwest of the region is interspersed with low, rolling hills and some trees.  Further to the southwest the area opens up into a marshy region which gently slopes downward to the confluence of the Ch'ongch’ong and Taenyong Rivers near Korea Bay.

6.8.1  Semi-permanent Meteorological Features.  While migratory high- and low-pressure systems control the daily weather, three semi-permanent seasonal features are predominant.

6.8.1.1  Siberian (or Asiatic) High.  This high pressure cell is formed by the intense cooling of the Asian land mass in late fall and winter.  With a mean central pressure of 1036 mb, the high is usually centered in south-central Mongolia near 43 degrees N, 107 degrees E.  It’s cold, dry air dominates the winters with northerly to northwesterly winds that extend to 10,000 feet.  

6.8.1.2  Okhotsk High.  Sea of Okhotsk highs result from colder air forming over melting sea ice in the East Sea during spring and early summer, and in the Sea of Okhotsk in early July.  This high strengthens onshore winds along the east coast and spreads cooler, moist air throughout the peninsula.  By mid-July, the Sea of Okhotsk ice has melted and the high dissipates.  If this pressure cell is particularly strong, and/or the polar front is relatively weak, the summertime rains and warmer temperatures will be delayed by several weeks, or fail to occur entirely.  These conditions, leading to drought in north Korea, occur about once every 5 years.

6.8.1.3  Bonin (or North Pacific) High.  This high-pressure cell causes the southeasterly summer flow on the east coast of Asia.  It is strongest in July, with a mean central pressure of 1027 mb and is the dominant feature affecting the peninsula after the northward passage of the Changma front.   During the fall, the cell moves southeast and weakens.

6.8.2  Synoptic Controls.  

6.8.2.1  Frontal Systems.  Frontal passages occur during any season of the year.  They are usually accompanied by heavy rain in summer, light snow or snow showers in winter or, if dry, dust storms.  In the winter, frontal passages are often accompanied by strong winds which can last up to several hours, rapidly clearing skies, and rapidly building high pressure behind the front.  

6.8.2.1.1  Polar/Arctic Fronts.  Both polar and arctic frontal systems pass the Kaech’on/Pakch’on area from late fall through early spring.  The polar front passes south of Korea by early October, marking the start of cold-air outbreaks from Siberia.  Although they can be modified by the West Sea, these frontal systems bring relatively small amounts of precipitation to the area.

6.8.2.1.2  Changma (or Monsoon) Front.  The Changma front is merely the northward migration of the polar front during the summer months.  Due to the southerly reversal of wind flow associated with the building Bonin High behind the front, the Changma brings unusually heavy rainfall throughout the Korean peninsula, often causing widespread flooding.  More than 60 percent of Korea’s total precipitation falls between the end of May and the end of September.  

6.8.2.2  Low Pressure Systems.

6.8.2.2.1  Baikal Lows.  Baikal Lows move southeast from Lake Baikal in southern Central Siberia, recurve over the area, and track northeastward towards Hokkaido.  They occur all year, but are most common in Spring.  Because of their long land trajectory, they often produce major dust storms over northeastern China and northern Korea.  Very strong systems pass over the intense, but very shallow, Asiatic High. 

6.8.2.2.2  Mongolian Lows.  Mongolian lows occur year-around and are the most common type of low pressure system affecting north Korea.  They form in southern Mongolia and track eastward across north Korea.  These lows are responsible for the “yellow wind” phenomenon of late winter and early spring.  During these times, yellow dust and sand is picked up from the Gobi Desert and is carried eastward through Korea.  Much of the sand settles out over China, but the remaining dust can cause significant restrictions to visibility for up to a week at a time.

6.8.2.2.3  West Sea Lows.  These lows often form on the Polar front while it is still quasi-stationary south of Korea.  They primarily affect the Kaech’on/Pakch’on area in May and June and, occasionally, in September or early October.  They produce 18 to 30 hours of heavy rain and poor flying weather.  Considerable flooding can result. 

6.8.2.2.4  Tropical Systems.  Tropical systems are possible from late June through early September, but affect this area mainly in July and August.  Storms travel from the south or southwest across the East Sea and recurve northeastward or eastward across the Korean peninsula.  Typhoons have usually weakened considerably by the time they reach north Korea, but they are still capable of causing heavy precipitation.  There is a 30 percent probability that the Kaech’on/Pakch’on area will be affected by a tropical storm or typhoon in any given year.

6.8.3  Local Effects.

6.8.3.1  Foehn (or Chinook) Effects.  The Myohang mountains to the east of the Kaech’on/Pakch’on area are high enough to produce mild foehn conditions; that is, the successive adiabatic cooling, drying, and warming of air lifted over mountains.  Primarily a late-winter to early-spring, the foehn results in a temperature increase, a relative humidity decrease, and a decrease in cloud cover.  Relative humidity can drop 20 percent or more in short periods.  In many cases, it raises temperatures to above freezing.  The duration, however, is short, averaging 6-12 hours.

6.8.4  Winter (November-March).  The Siberian High builds throughout the winter season, reaching its maximum strength in January.  Shallow streams will often freeze completely to the bottom, while deeper streams will freeze to a depth of 2 to 3 feet.  A very reliable rule of thumb during the winter is Korea’s, “3 cold and 4 warm-day” cycle.  This time-tested axiom states the tendency for a 3-day cold spell to be followed by 4 days of milder weather.

6.8.4.1  Winds.  Winds are generally calm, especially during the morning.  Winds are northwesterly at 5 knots during the afternoon.  Winds greater than 30 knots may occur with an intense Siberian outbreak.

6.8.4.2  Clouds.  Winter skies are mostly clear, especially during January and February.  During these 2 months, skies usually remain scattered throughout the entire day.

6.8.4.3  Visibility.  Visibility is at its best during winter.  The very dry air is not conducive to fog formation, especially at inland locations.  Some visibility restrictions due to smoke from wood or peat fires are possible.  Late in the season, this area may experience reduced visibility due to a “yellow wind” blowing out of China.  These winds pick up yellow dust and sand from the Gobi Desert and carry it eastward over the Korean peninsula.  During a yellow wind outbreak visibilities below 3 miles may exist for 3 to 5 days at a time.

6.8.4.4  Precipitation.  Snowfall is extremely light at the location; higher amounts fall on the mountains to the east.  Total monthly amounts average less than 1 inch.  Since snowfall is light and intermittent, there is generally little or no snow cover for most of the season.  The mean first day of snow is November 14.  The mean date for the last snow is on March 27.  January averages 7 days of snowfall, and December, February, and March average 6 snowfall days.  On extremely cold nights, light snow flurries are possible at the location with a westerly or northwesterly wind.  Freezing precipitation is extremely rare.

6.8.4.5  Significant Weather.  Due to extreme dryness, thunderstorms do not occur during the winter.  Turbulence is common around the surrounding mountains during strong Siberian outbreaks.  Also, wind chills may plunge to the “very cold” (<-25(F/-32(C) category associated with such systems.

6.8.4.6  Temperature.  The location experiences extremely cold temperatures throughout the long winter season.  By December, daily high temperatures average only 31(F (-1(C), with a mean low temperature of 15(F (-9(C).  January is the coldest month of the year with average daily highs around 25(F (-4(C) and lows around 7(F 

(-14(C).  An extreme minimum temperature of -16(F (-27(C) has been recorded in the area.  Temperatures warm slowly through February and by March, the mean daily high temperature is 45(F (7(C), with a mean low of 27(F (-3(C).  

6.8.4.7  Humidity.  Relative humidities average in the low to mid-70s for the morning hours while afternoon relative humidities fall to near 50 percent.

6.8.5  Spring (April - May).  Spring is the transition season, separating the cold, dry winter from the hot, humid summer.  As the Asian land mass warms, the Siberian High begins to weaken and retreat northwestward.  At the same time, the Bonin (or North Pacific) High is building north and westward.  The polar front moves northward (as the Changma Front) from its wintertime position near the Philippines.  As it does, incursions of warm, moist air over the peninsula becomes more common.  Spring is marked by increasing temperature and relative humidity.  Precipitation amounts for April are double those for March, and the first thunderstorms of the year usually occur during April.  Low cloud ceilings occur more frequently in spring than in winter.

6.8.5.1  Wind.  Due to increasing temperature contrast between the warmer air to the south and the cold air over Siberia, mean wind speeds are higher during spring than at any other time of the year.  From around midnight through mid-morning, winds are predominantly calm.  By afternoon, average wind speeds increase to 8 knots, predominantly from the southwest.  Gusty winds are common, especially with frontal passage.  As high pressure builds in behind the front, afternoon winds blow northwesterly at 12 to 15 knots, with occasional gusts to 22 knots.  This location is also susceptible to foehn winds.  These warm, dry winds -- generally less than 15 knots -- move down from the Myohang Mountain Range to the east, particularly during early spring.

6.8.5.2  Clouds.  Cloud cover increases during spring.  Broken cloudiness exists more than 50 percent of the time during April and 60 percent of the time during May.  There is a decided preference for morning and afternoon cloudiness, with scattered conditions usually occurring after sunset.  Ceilings below 3,000 feet occur on approximately 20 percent of the mornings and 15 percent of the afternoons.  Ceilings below 1,000 feet are uncommon.  When they do occur, they are usually associated with sea fog lifting to form a stratus deck.  This happens during the morning, usually around sunrise.

6.8.5.3  Visibility.  Fog is the major obstruction to visibility.  Visibilities will begin to decrease in the early morning hours, with the worst conditions occurring at sunrise.  Visibilities below 6 miles occur on approximately 40 percent of the mornings during spring with visibilities below 2 miles occurring on 10 percent of those mornings.  Given the site’s location in a swampy area between two rivers, visibility below one-half mile is not uncommon.  Fog will linger through mid-morning with denser fog lasting through early afternoon.  During early spring, this location is also susceptible to “yellow winds” blowing out of China.  Strong winds will pick up yellow dust and sand from the Gobi Desert and carry it eastward across the Korean peninsula.  Dust may be carried as high as 15,000 feet.  During yellow wind outbreaks, visibilities below 3 miles may exist for 3 to 7 days at a time.

6.8.5.4  Precipitation.  Precipitation amounts increase markedly from winter to spring.  April’s rainfall of 2 inches exceeds that of the previous three months combined.  Rainfall during May averages 3.1 inches.  Precipitation tends to be showery, falling with the 3 to 4 storms transiting the area during these months, rather than being of the continuous nature of summertime rains.  There are an average of 7 days with precipitation during April and 9 precipitation days during May.  Snow is still a possibility during April, occurring on an average of 1 day, with an accumulation of less than 0.5 inch. 

6.8.5.5  Significant Weather.  Thunderstorms occur on an average of 1 day in April and 3 days in May.  Bases for the thunderstorms are generally around 1,500 feet AGL, with tops near 45,000 feet MSL in the worst of storms.  Small hail (Generally less than 1/2 inch) may accompany some thunderstorms.  

6.8.5.6  Temperature.  Temperatures warm steadily throughout the season.  Average daily 

high temperatures during April are in the upper 50s(F (15(C), while daily low temperatures fall to the lower 

30s(F (1(C).  By May, average daily high temperatures reach the upper 60s(F (20(C) with daily low temperatures in the mid-40s(F (7(C).  As the Changma front moves northward, incursions of warm, moist air becomes more common.  As a result, extreme high temperatures may reach into the low 90s(F (33(C) and relative humidity increases markedly. The mean date for the last frost is April 20, but freezing temperatures can occur as late as the first week in May, especially if a migratory high settles over Korea.

6.8.5.7  Humidity. Morning relative humidity rises to 81 percent in April and 85 percent in May.  Afternoon relative humidity is 44 percent in April and 47 percent in May.

6.8.6  Summer (June - August).  Summer is marked by significant precipitation and low cloudiness as the Changma front makes its way northward across Korea.  The Bonin (or North Pacific) High builds in behind the Changma front, producing fair skies and warm, humid conditions.  About once every 5 years, an abnormally strong Okhotsk High over the area delays the onset of the rainy season, leading to an extended period of drought conditions over north Korea.  Tropical systems affect north Korea about once a year.  While gusty winds are possible with such systems, the major threat is from flooding due to heavy rainfall.

6.8.6.1  Winds.  Surface winds are predominantly calm, especially from around midnight to  mid-morning.  By afternoon, winds are predominantly southwesterly at 5 knots.  Gusty surface winds may be experienced as a result of a thunderstorm, or from an intense tropical system, but seldom will these winds exceed 30  knots.

6.8.6.2  Clouds.  Summer is the cloudiest time of year with mean cloud cover averaging 6/8ths.  Unlike the other seasons there is very little diurnal variation in summer cloud cover --skies tend to be cloudy all day.  Ceilings below 3,000 feet occur approximately 30 percent of the time during June and almost 50 percent of the time during July and August.  Ceilings below 1,000 feet are less common (about 5 percent of the time) and are mostly associated with sea fog advecting inland from Korea Bay.

6.8.6.3  Visibility.  Low visibility is a greater problem during summer than at any other time of year.  High humidity combined with calm winds at night are conducive to fog formation.  Visibility is restricted by fog on 50 percent of the mornings with the lowest visibilities occurring around sunrise.  Visibilities below 2 miles occur on approximately 25 percent of summer  mornings and approximately 5 percent of those mornings will have visibility below 1/2 mile.  The fog normally begins to dissipate by mid-morning, but may linger  well into the afternoon hours in some cases.  Heavy rains can also reduce visibility to less than 1/2 mile, but these  occurrences are generally brief.

6.8.6.4  Precipitation.  Precipitation is heavy during summer, with the Kaech’on/Pakch’on area receiving 60 percent of its annual amount during these three months.  An average of 4 inches falls in June, with about 10 inches falling in both July and August as the Changma front transits the area.  The heaviest rains usually fall in a 3-week period beginning in late July and continuing into mid-August.  The exact timing of this rainfall depends on the strength of the 0khotsk High and the polar front.  Until the Changma front moves over the area completely, rainfall will be intermittent, occurring roughly every 2 days, persisting for a day or more.  With the front, light rain or drizzle will continue almost unabated for a week or more; heavier rain will fall when a disturbance moves along the front.  A large amount of rain may also result from a dying tropical storm moving through the area.  As much as 9.5 inches of rain fell in one 24-hour period at a nearby location, associated with the remnants of a tropical storm.

6.8.6.5  Significant Weather.  Thunderstorms occur an average of three days per month during the summer, the highest frequency of the year.  They will  tend to build in the hills and mountains to the east of the location.  Bases of thunderstorms are usually around 1,500 feet AGL, with tops near 50,000 feet MSL in extreme cases.  Although extremely rare, small  hail (usually less than 1/2 inch) can accompany the largest storms.  

6.8.6.6  Temperature.  With the approach of the Changma front from the south, warm, moist conditions prevail over the area.  Under the influence of the Okhotsk High, June temperatures remain relatively cool, with high temperatures in the mid-70s(F (23(C) and daily lows near 60(F (16(C).  With passage of the Changma front, average high temperatures for July climb to 80(F (27(C), with a low near 68(F (20(C).  By August, the daily high temperature averages 85(F (29(C), with lows remaining near 68(F (20(C).  On at least one day in July and August, the temperature climbs above 90(F (32(C).  

6.8.6.7  Humidity.  Morning relative humidities average 90 percent or better for each of the three summer months.  Afternoon relative humidity for June is 60 percent, rising to 67 percent in July and August.

6.8.7  Fall (September - October).  The most pleasant weather of the year occurs during Fall.  The polar front moves southward in late September as the Siberian High begins to build.  There is a significant decrease in precipitation and cloudiness from the summertime.  Most days generally begin with a light fog, burning off by mid-morning.  The rest of the  day normally gives way to fair skies and pleasant temperatures.

6.8.7.1  Wind.  Winds are predominantly calm, especially from around midnight to mid-morning.  By afternoon the winds are predominantly from the northwest at 5 knots.  Late in the season the location is susceptible to foehn winds.  These warm, dry, winds -- generally less than 15 knots -- move out of the Myohang mountain range to the east of the site.

6.8.7.2  Clouds.  There is a noticeable decrease in cloud cover from summer to fall.  Low cloud ceilings below 3,000 feet occur only about 25 percent of the time, half the frequency of summer.  Most of these ceilings occur early in the season, associated with the southward migration of the polar front.  There is still a noticeable frequency (about 6 percent) of ceilings below 1,000 feet.  These occurrences are generally confined to the period around sunrise, as the fog lifts to form a cloud deck.  Afternoon skies are generally scattered with only a few fair-weather cumulus clouds.

6.8.7.3  Visibility.  Visibility is generally good.  Fog restricts visibility to less than 2 miles on about 15 percent of the mornings.  These lower visibilities generally occur for a brief period around sunrise.  The remainder of the day is generally free of any restrictions to visibility.

6.8.7.4  Precipitation.  Precipitation decreases markedly during fall.  September averages 4.1 inches of rainfall and October averages just under 2 inches.  Rainfall occurs on only 7 days per month in both September and October.  A week or more of fair weather usually exists between rainfall events.

6.8.7.5  Significant Weather.  Thunderstorm frequency decreases to 2 days per month during fall.  Small hail (less than 1/2 inch) can occur with thunderstorms.

6.8.7.6  Temperatures.  Temperatures cool as the polar front pushes south of the area.  Daily high temperatures average 74(F (23(C) during September and only 62(F (17(C) during October.  Low temperatures average 55(F (13(C) in September and cool to 42(F (6(C) in October.  

6.8.7.7  Humidity.  Morning relative humidity remains near 90 percent while afternoon relative humidity drops to around 50 percent.

Chapter 7

Local Climatology for Korean Demilitarized Zone and Invasion Corridors

7.1  Central Korean Peninsula Weather and Operational Effects.  This brief study focuses on the weather occurring within 50 miles either side of the Korean Demilitarized Zone (DMZ) and the resulting effects on both ground and air operations.  All information is based on climatology.  Under each season, “weather” is discussed, followed by “operational effects.”   

7.1.1  Spring (April and May).

7.1.1.1  General Weather.  The Siberian High weakens rapidly and disappears by early June.  The sustained northwesterly flow of dry air disappears, replaced by increasingly warm, moist air flowing off the West Sea.  The storm track moves northward towards northern Manchuria and southern Siberia.  Increasing night and morning low clouds, drizzle, and fog restrict air operations below 3,000 feet MSL over valleys and below 2,500 feet MSL over mountains 1 day out of 3.  Afternoon and evening showers reduce ceilings below 1,000 feet and visibilities below 1 mile on 1 day of 10.  Low ceilings, rain or showers, and fog increase towards the end of May.  Isolated thundershowers occur after early May.

7.1.1.2  Operational Effects.  Air operations below 3,000 feet MSL become increasingly difficult towards the end of the period, especially over higher mountains.  Mountain rivers and streams may temporarily flood; unpaved roads and valley areas temporarily become mud.  Precipitation and fog increasingly degrades electro-optical weapon systems effectiveness. 

7.1.2  Summer (June through September).

7.1.2.1  General Weather.  The Changma (monsoon) Front moves northward becoming quasi-stationary in southern Manchuria by August.  Northward flow of moist, warm, unstable air results in extensive clouds and rain.  An average of one typhoon per year reaches the DMZ.  Clouds and rain reduce ceilings and visibilities below 3,000 and/or 3 miles from one day in 3 in the west to 1 day in four in the east.  Worst times are late night and early morning.  Mountain obscuration begins as low as 1,500 feet MSL.  Heavy showers, thunderstorms, and rain are common.  Precipitation amounts can be extremely high--more than 16 inches in 24 hours.   The most favored period for onset of layered clouds and heavy precipitation is from June 25 to July 5.

7.1.2.2  Operational Effects.  Air operations below 3,000 feet MSL are difficult except during late morning and early evening.  Most mountains above 2,500 feet are obscured.  River valley flooding becomes common, especially after periods of very heavy rain.  Electro-optical weapon systems effectiveness degrades to fair; during heavy rain, it becomes poor.  Bridges and paved roads may wash out.  Unpaved areas become, and remain, mud.

7.1.3  Fall (October).

7.1.3.1  General Weather.  The Polar Front moves southward out of Korea as the Asiatic High forms and intensifies.  Both cloud cover and precipitation decrease rapidly, occurring only 1 day in 6.  Ceilings and visibilities below 3,000 and/or 3 miles occur increasingly rarely, averaging only 1 day out of 8.  Ground rapidly dries.  Mountains are only briefly obscured below 3,000 feet MSL.

7.1.3.2  Operational Effects.  Air operations below 3,000 feet MSL are normally possible.  River valley flooding occurs only after a rare heavy thundershower.  Electro-optical weapon systems effectiveness increases dramatically, degrading only in heavy showers or early morning valley fog.  Unpaved areas dry and become increasingly passable.

7.1.4  Winter (November through March).

7.1.4.1  General Weather.  Snow becomes predominant by mid-December;  however it occurs only on 1 day out 5 even in January.  Except for the occasional snow squall, ceilings and visibilities are excellent.  Smoke from housing heating units restricts valley visibilities near dawn if winds are light.  Winds may gust up to 45 knots during Siberian cold air outbreaks, bringing moderate to severe turbulence over the mountains.  First freeze date ranges from near Christmas on either coast to December 1 in the interior; thawing from late 

February to early March, respectively.  Rivers freeze over from mid-December to late February.

7.1.4.2  Operational Effects.  Except during snow showers, air operations are hindered only by turbulence associated with fresh Siberian outbreaks.  Ground operations are primarily hindered by cold temperatures from December through February; Camp Page has recorded -12(F.   Wind chills have reached below -40(F.

7.2  Kaesong-Munsan Corridor.  This brief study focuses on the weather occurring within 10 miles either side of the corridor from Kaesong to Munsan and the resulting effects on both ground and air operations.  All information is based on climatology.  Under each season, "weather" is discussed, followed by "operational effects." 

7.2.1  Special Features.  This corridor crosses the Imjin River via a multi-lane highway bridge.  The river valley at that point is slightly over 1.5 NM wide.  The main river bed (and the bridge) is on the extreme west side of the Imjin.  During heavy rains (the Southwest Monsoon season, and tropical storms), this river rises dramatically, covers the entire valley, and has reached depths of over 44 feet near the DMZ.  In the absence of bridges, it poses a major invasion barrier under these conditions.  However, the Imjin freezes over from mid-November through mid-March--ice can be up to 15 inches thick.  Rice paddies from Kaesong to the DMZ also flood during the Southwest Monsoon.

7.2.2  Spring (April and May).

7.2.2.1  General Weather.  The Siberian High weakens rapidly and disappears by early June.  The sustained northwesterly flow of dry air disappears, replaced by increasingly warm, moist air flowing off the West Sea.  The storm track moves northward towards northern Manchuria and southern Siberia.  Increasing night and morning low clouds, drizzle, and fog restrict air operations below 3,000 feet MSL over valleys and below 2,500 feet MSL over mountains 1 day out of 3.  Afternoon and evening showers reduce ceilings and visibilities below 1,000 feet and 1 mile on 1 day of 10. Low ceilings, rain or showers, and fog increase towards the end of May.  Isolated thundershowers occur after early May.

7.2.2.2  Operational Effects.  Air operations below 3,000 feet MSL become increasingly difficult towards the end of the period, especially over higher mountains.  Mountain rivers and streams may temporarily flood; unpaved roads and valley areas temporarily become mud.  Precipitation and fog increasingly degrades electro-optical weapon systems effectiveness.

7.2.3  Summer (Jun through Sep).

7.2.3.1  General Weather.  The Changma Front moves northward becoming quasi-stationary in southern Manchuria by August.  Northward flow of moist, warm, unstable air results in extensive clouds and rain.  An average of one typhoon per year reaches the DMZ.  Clouds and rain reduce ceilings and visibilities below 3,000 and/or 3 miles from one day in 3 in the west to 1 day in four in the east.  Worst times are late night and early morning.  Mountain obscuration begins as low as 1,500 feet MSL.  Heavy showers, thunderstorms, and rain are common.  Amounts can be extremely high--over 16 inches in 24 hours.   The most favored period for onset of layered clouds and heavy precipitation is from 25 Jun to 5 Jul.

7.2.3.2  Operational Effects.  Air operations below 3,000 feet MSL are difficult except during late morning and early evening. Most mountains above 2,500 feet are obscured.  Imjin River valley flooding becomes common, especially after periods of very heavy rain.  Runoff becomes especially heavy on the outskirts of Kaesong and Munsan due to the large areas of paving, building, et al.  Electro-optical weapon systems effectiveness degrades to fair; during heavy rain, it becomes poor.  Bridges and paved roads may wash out.  Unpaved areas become, and remain, mud.  Landslides are common on steep hillsides.

7.2.4  Fall (Oct).

7.2.4.1  General Weather.  The Polar Front moves southward out of Korea as the Asiatic High forms and intensifies.  Both cloud cover and precipitation decrease rapidly, occurring only 1 day in six. Ceilings and visibilities below 3,000 and/or 3 miles occur increasingly rarely, averaging only 1 day out of 8. Ground rapidly dries.  Mountains are only briefly obscured below 3,000 feet MSL.

7.2.4.2  Operational Effects.  Air operations below 3,000 feet MSL are normally possible. River valley flooding occurs only after a rare heavy thundershower.  Electro-optical weapon systems effectiveness increases dramatically, degrading only in heavy showers or early morning valley fog.  Unpaved areas dry and become increasingly passable.

7.2.5  Winter (Nov through Mar).

7.2.5.1  General Weather.  Snow becomes predominant by mid-December; however, it occurs only on 1 day out 5 even in January.  Except for the occasional snow squall, ceilings and visibilities are excellent.  Smoke from housing heating units restricts valley visibilities near dawn if winds are light.  Winds may gust up to 45 knots during Siberian cold air outbreaks, bringing moderate to severe turbulence over the mountains.  First soil freeze date ranges from mid-to late-December depending of the severity of the winter.  Thawing occurs between 15 and 25 February.  The Imjin River freezes over from mid-December to late February.

7.2.5.2  Operational Effects.  Except during snow showers, air operations are hindered only by turbulence associated with fresh Siberian outbreaks.  Ground operations are primarily hindered by cold temperatures from December through February;  temperatures have fallen below  -6(F (-21(C).   Wind chills have reached below -40(F (-40(C)   Maximum snow depth is 8 inches (19cm). 

7.3  The Seoul-Kimpo Corridor.  This brief study focuses on the weather and climate of metropolitan Seoul from Kimpo (Seoul International) upstream (eastward) along the Han River to highway K43--the easternmost of the two limited-access highways leading south-southeast to Taegu and Pusan.  All information is based on climatology.  Under each season, "weather" is discussed, followed by "operational effects." 

7.3.1  Special Features.  The entire area is heavily urbanized and, in fact, part of metropolitan Seoul. The 8 NM (13km) eastward from Kimpo area in the steadily narrowing Han River Valley is surrounded by mountains.  East of the city center, a rectangular plain some 6 NM (9km) wide by 8 NM (13 km) long extends north from the Han towards Uijongbu.  Mountains east of this valley reach elevations up to 2,900 feet (870 meters).  Mountains south of the Han reach just over 2,000 feet (680 meters).  Numerous bridges cross the Han throughout the area connecting the south and north banks.  Accordingly, precipitation runoff is extremely high; almost all of the water reaches the Han.  As a result, urban and urban stream flooding is a common problem during any heavy or prolonged rain, especially during the summer rainy season or with tropical storms/typhoons.  The Han rises rapidly as a result; known greatest river depths at Seoul are over 35 feet (10.7 meters).  Temperatures in the city average 2 to 5(F (1 to 3(C) higher than those recorded at either Kimpo or Seoul AB.

7.3.2  Spring (April and May).

7.3.2.1  General Weather.  The Siberian High weakens rapidly and disappears by early Jun.  The sustained northwesterly flow of dry air disappears, replaced by increasingly warm, moist air flowing off the West Sea.  The storm track moves northward towards northern Manchuria and southern Siberia.  Increasing night and morning low clouds, drizzle, and fog restrict air operations below 3,000 feet MSL over valleys and below 2,500 feet MSL over mountains 1 day out of 3.  Afternoon and evening showers reduce ceilings and visibilities below 1,000 feet and 1 mile on 1 day of 10.  Low ceilings, rain or showers, and fog increase towards the end of May.  Isolated thundershowers occur after early May.

7.3.2.2  Operational Effects.  Air operations below 3,000 feet MSL become increasingly difficult towards the end of the period, especially over higher mountains.  Mountain rivers and streams may temporarily flood; unpaved roads and valley areas temporarily become mud.  Precipitation and fog increasingly degrades electro-optical weapon systems effectiveness.

7.3.3  Summer (Jun through Sep).

7.3.3.1  General Weather.  The Changma Front moves northward becoming quasi-stationary in southern Manchuria by August.  Northward flow of moist, warm, unstable air results in extensive clouds and rain.  An average of one typhoon per year reaches the DMZ.  Clouds and rain reduce ceilings and visibilities below 3,000 and/or 3 miles from one day in 3 in the west to 1 day in four in the east.  Worst times are late night and early morning. Mountain obscuration begins as low as 1,500 feet MSL.  Heavy showers, thunderstorms, and rain are common.  Amounts can be extremely high--over 16 inches in 24 hours.   The most favored period for onset of layered clouds and heavy precipitation is from 25 Jun to 5 Jul.

7.3.3.2  Operational Effects.  Air operations below 3,000 feet MSL are difficult except during late morning and early evening. Most mountains above 2,500 feet are obscured.  Imjin River valley flooding becomes common, especially after periods of very heavy rain.  Runoff becomes especially heavy into the Han due to urban effects.   Electro-optical weapon systems effectiveness degrades to fair;  during heavy rain, it becomes poor.  Bridges and paved roads may wash out.  Unpaved areas become, and remain, mud.  Landslides are common on steep hillsides.

7.3.4  Fall (Oct).

7.3.4.1  General Weather.  The Polar Front moves southward out of Korea as the Asiatic High forms and intensifies.  Both cloud cover and precipitation decrease rapidly, occurring only 1 day in six. Ceilings and visibilities below 3,000 and/or 3 miles occur increasingly rarely, averaging only 1 day out of 8. Ground rapidly dries.  Mountains are only briefly obscured.

7.3.4.2  Operational Effects.  Air operations below 3,000 feet MSL are normally possible. River valley flooding occurs only after a rare heavy thundershower.  Electro-optical weapon systems effectiveness increases dramatically, degrading only in heavy showers or early morning valley fog.  Unpaved areas dry and become increasingly passable.

7.3.5  Winter (Nov through Mar).

7.3.5.1  General Weather.  Snow becomes predominant by mid-Dec; however, it occurs only 1 day in 5 even in Jan.  Except for the occasional snow squall, ceilings and visibilities are excellent.  Urban smoke and pollution causes extremely poor visibility near dawn if winds are light.  Winds may gust up to 45 knots during Siberian cold air outbreaks, bringing moderate to severe turbulence over the mountains. First soil freeze date ranges from mid-to late-December depending of the severity of the winter. Thawing occurs between 15 and 25 February.  The Han River freezes over from mid-December to late February.

7.3.5.2  Operational Effects.  Except during snow showers, air operations are hindered only by turbulence associated with fresh Siberian outbreaks.  Ground operations are primarily hindered by cold temperatures from Dec through Feb;  temperatures have fallen below -9(F (-23(C).   Wind chills have reached below -40(F 

(-40(C).  Maximum snow depth is 7 inches (18cm).

7.4  The Chorwan Corridor.  This brief study focuses on the weather occurring within 10 miles either side of the Chorwan Corridor from Pyonggang south to Uijongbu and the resulting effects on both ground and air operations.  All information is based on climatology.   Under each season, "weather" is discussed, followed by "operational effects."  

7.4.1  Spring (April and May).

7.4.1.1  General Weather.  The Siberian High weakens rapidly and disappears by early June.  The sustained northwesterly flow of dry air disappears, replaced by increasingly warm, moist air flowing off the West Sea.  The storm track moves northward towards northern Manchuria and southern Siberia.  Increasing night and morning low clouds, drizzle, and fog restrict air operations below 3,000 feet MSL over valleys and below 2,500 feet MSL over mountains 1 day out of 3.  Afternoon and evening showers reduce ceilings and visibilities below 1,000 feet on 1 day of 10.  Low ceilings, rain or showers, and fog increase towards the end of May.  Isolated thundershowers occur after early May.

7.4.1.2  Operational Effects.  Air operations below 3,000 feet MSL become increasingly difficult towards the end of the period, especially over higher mountains.  Mountain rivers and streams may temporarily flood; unpaved roads and valley areas temporarily become mud.  Precipitation and fog increasingly degrades electro-optical weapon systems effectiveness.

7.4.2  Summer (Jun through Sep).

7.4.2.1  General Weather.  The Changma Front moves northward becoming quasi-stationary in southern Manchuria by August.  Northward flow of moist, warm, unstable air result in extensive clouds and rain.  An average of one typhoon per year reaches the DMZ.  Clouds and rain reduce ceilings and visibilities below 3,000 and/or 3 miles from one day in 3 in the west to 1 day in four in the east.  Worst times are late night and early morning. Mountain obscuration begin as low as 1,500 feet MSL.  Heavy showers, thunderstorms, and rain are common.  Amounts can be extremely high--over 16 inches in 24 hours.   The most favored period for onset of layered clouds and heavy precipitation is from 25 Jun to 5 Jul.

7.4.2.2  Operational Effects.  Air operations below 3,000 feet MSL are difficult except during late morning and early evening.  Most mountains above 2,500 feet are obscured.  River valley flooding becomes common, especially after periods of very heavy rain.  Electro-optical weapon systems effectiveness degrades to fair; during heavy rain, it becomes poor.  Bridges and paved roads may wash out.  Unpaved areas become, and remain, mud.

7.4.3  Fall (Oct).

7.4.3.1  General Weather.  The Polar Front moves southward out of Korea as the Asiatic High forms and intensifies.  Both cloud cover and precipitation decrease rapidly, occurring only 1 day in six. Ceilings and visibilities below 3,000 and/or 3 miles occur increasingly rarely, averaging only 1 day out of 8. Ground rapidly dries.  Mountains are only briefly obscured below 3,000 feet MSL.

7.4.3.2  Operational Effects.  Air operations below 3,000 feet MSL are normally possible. River valley flooding occurs only after a rare heavy thundershower.  Electro-optical weapon systems effectiveness increases dramatically, degrading only in heavy showers or early morning valley fog.  Unpaved areas dry and become increasingly passable.

7.4.4  Winter (Nov through Mar).

7.4.4.1  General Weather.  Snow becomes predominant by mid-Dec; however it occurs 1 day in 5 even in Jan.  Except for the occasional snow squall, ceilings and visibilities are excellent.  Smoke from housing heating units restricts valley visibilities near dawn if winds are light. Winds may gust up to 45 knots during Siberian cold air outbreaks, bringing moderate to severe turbulence over the mountains. First freeze date are near 15 December;. thawing occurs from late February to early March. Rivers freeze over from mid-December to late February.  Snow depths have reached 15 inches (38 cm).

7.4.4.2  Operational Effects.  Except during snow showers, air operations are hindered only by turbulence associated with fresh Siberian outbreaks.  Ground operations are primarily hindered by cold temperatures from Dec through Feb; Camp Page has recorded -12(F (-24(C).  Wind chills have reached below -40(F (-40(C).

7.5  The East Coast from the Demilitarized Zone to Kangnung.  This brief study covers the weather and climate of the narrow east coastal plain from the Demilitarized Zone (DMZ) to Kangnung and its affects on military operations.  All information is based on climatology.   The discussion is divided into four seasons:  Spring Transition (April and May);  Southwest Monsoon (Jun through Sep);  Fall Transition (Oct);  and Northwest Monsoon (Nov through Mar).  Under each season, "weather" is discussed, followed by "operational effects."  

7.5.1  Special Features.

7.5.1.1  Terrain.  This coast consists of a narrow, 1 to 4 NM (2 to 6km) coastal plain immediately backed by rapidly rising series of mountains cut by deep streams and small river valleys.  Several of these valleys lead deep into the mountainous interior.  While narrow, these valleys provide ready-made invasion routes.  Within 5NM (8km) of Kangnung, the coastal plains widens to about 7NM (11km).  Mountains are steep and wooded.  Valleys are narrow and winding.  

7.5.1.2  Land/Sea Breeze.  This circulation is most noticeable in summer.  The sea breeze brings cool air inland along the immediate coast from 1000 or 1100L to sunset.  In the fall, sea-breeze onset can be delayed several hours.  The circulation extends as high as 3,000 to 4,000 feet (915 to 1220 meters) and normally penetrates 3 to 5 miles (6 to 9 km) inland.  Speeds are as high as 10 knots (5 m/s).  The sea-breeze circulation is complex;  local winds vary considerably from pure onshore-offshore flow.  Large-scale flow patterns may override land/sea breezes.  Winds are weaker or stronger when their directions coincide with the land/sea-breeze circulation.  For example, summer southeast winds become stronger in the afternoon with a sea breeze, but weaker at night with the offshore land breeze.  Wind speed differences can be 4-10 knots (2-5 m/s) from what might otherwise be expected.

7.5.1.3  Mountain Waves.  With westerly winds, the coastal mountains produce strong downslope winds on seaward slopes.  These winds are most common with a strong offshore pressure gradient and a stable lower atmosphere.  Winds are even stronger under such conditions immediately seaward of canyon mouths.  Speeds can be up to three times greater in these areas.  Gust speeds on the lee side may be double the prevailing speed.

7.5.1.4  "Foehn" Effects.  The coastal ranges are high enough to cause mild foehn conditions; that is, the successive adiabatic cooling, drying, and warming of air lifted over mountains.  Primarily a winter phenomenon, the foehn results in a temperature increase, a relative humidity decrease, and a cloudiness decrease.  Relative humidity can drop 20%.  In many cases it raises winter temperatures to above-freezing.  The duration, however, is short, averaging 6-12 hours.

7.5.2  Spring (April-May).

7.5.2.1  General Weather.  Weather deteriorates as storm tracks penetrate the East Sea.  Conditions ahead of these systems are relatively good;  however, the strong onshore flow behind them shrouds the coastal mountains in low clouds, rain, and fog.  Winds with such systems can exceed 25 knots.  Seas offshore may exceed 10 feet.  Mountain tops are often obscured.  Between systems, conditions are relatively good except for low cloud decks and occasional dense sea fog moving onshore in the afternoon and early evening.

7.5.2.2  Operational Impacts.  Air operations below 3,000 feet MSL become increasingly difficult towards the end of the period, especially over higher mountains.  Mountain rivers and streams may temporarily flood; unpaved roads and valley areas temporarily become mud.  Precipitation and fog increasingly degrades electro-optical weapon systems effectiveness.   Seas offshore during storms hamper small boat operations.

7.5.3  Summer (Jun through Sep).

7.5.3.1  General Weather.  The Changma Front moves northward becoming quasi-stationary in southern Manchuria by August.  Heavy showers, thunderstorms, and rain are common, especially early in the period.  Northward flow of moist, warm, unstable air results in extensive clouds and rain.  An average of one typhoon per year reaches eastern Korea, although flow behind those crossing Kyushu or Honshu may also affect this coast.  Low clouds and fog are common in late afternoon and early evening, obscuring mountains as low as 1,500 feet MSL.  Rainfall amounts can be extremely high--over 16 inches in 24 hours.   The most favored period for onset of layered clouds and heavy precipitation is in late June and early July.

7.5.3.2  Operational Effects.  Air operations below 3,000 feet MSL are difficult except during late morning and early evening.  Most mountains above 2,500 feet are obscured.  River valley flooding becomes common, especially after periods of very heavy rain.  Electro-optical weapon systems effectiveness degrades to fair; during heavy rain, it becomes poor.  Bridges and paved roads may wash out.  Unpaved areas become, and remain, mud.

7.5.4  Fall (Oct).

7.5.4.1  General Weather.  The Polar Front moves southward out of Korea as the Asiatic High forms and intensifies.  Both cloud cover and precipitation decrease rapidly, occurring only 1 day in six. Ceilings and visibilities below 3,000 and/or 3 miles occur increasingly rarely, averaging only 1 day out of 8. Ground rapidly dries.  Mountains are only briefly obscured below 3,000 feet MSL.  Mountain waves and turbulence become increasingly common over coastal mountains.

7.5.4.2  Operational Effects.  Air operations below 3,000 feet MSL are normally possible. River valley flooding occurs only after a rare heavy thundershower.  Electro-optical weapon systems effectiveness increases dramatically, degrading only in heavy showers or early morning valley fog.  Unpaved areas dry and increasingly become passable.

7.5.5  Winter (Nov through Mar).

7.5.5.1  General Weather.  Snow becomes predominant by mid-Dec;  and occurs on 1 day out of 2 in February.  Except for the occasional snow squall and associated low ceilings and visibilities with onshore flow from the East Sea, flying conditions are excellent.  Smoke from housing heating units restricts coastal plain visibilities near dawn if winds are light. Winds may gust up to 45 knots during Siberian cold air outbreaks, bringing moderate to severe turbulence over the mountains.  First freeze dates are near 31 December;. thawing occurs in early February.  Streams freeze over from early January to late February.  Snow depths have reached 15 inches (38 cm), with the greatest snowfalls occurring in February with onshore winds behind East Sea lows.

7.5.5.2  Operational Effects.  Except during low clouds and poor visibilities associated with snow showers, air operations are hindered only by turbulence associated with fresh Siberian outbreaks.  Ground operations are primarily hindered by cold temperatures from December through February.  Temperatures have fallen as low as -4(F (-20(C).  Wind chills have reached below -40(F (-40(C).

7.6  Monthly Climatology and Weather Impacts on Operations.

7.6.1  Introduction.  This brief study focuses on the weather occurring in the Cheolwan Corridor, plus 10 miles on either side, from Pyonggang south to Uijongbu and the resulting affects on both ground and air operations.  The narrative applies to the Kaesong-Munsan and Seoul-Kimpo Corridors as well.  The section on Trafficability provides specifics about the latter two corridors.  All information is based on climatology. 

7.6.2  January.

Winter is firmly established and the Asiatic high is at its most intense.  The polar front is well south of  the Korean peninsula, and cold, dry, continental polar air flows southward from Siberia. Temperatures are cold, with mean daily temperatures in the mid teens to the mid 30s(F (-9 to 2(C).  Strong surges of cold air from the Asiatic high reach the area about 3-4 times during the month and sharply lower temperatures.  Temperatures  as low as -10 to -15(F (-23 to -26(C) have been reported.  Temperatures in metropolitan Seoul average 4-5 Fahrenheit degrees warmer than in less populated or industrialized areas.

Average sky condition is scattered (2/8 to 3/8).  Visibility is generally good, except for early 

morning ground fog and smoke/haze pollution.  This is especially true in sheltered valley areas and around larger cities and populated areas.  These conditions (visibility as low as 1 mile) usually last until mid morning, when conditions improve to 5 to 7 miles.  Heavy snow showers will occasionally reduce ceilings to a few hundred feet, and visibility to near zero. 

Snow falls on about 5-7 days, usually with little accumulation.  However, snowfalls of up to 12 inches or more have been reported in January.  These heavy snowfalls are in association with weather systems moving in from the West Sea.  

The prevailing wind is from the northwest, at a mean speed of about 6-8 knots.  The wind is  frequently calm near dawn.  During cold outbreaks from the Asiatic high, winds may gust up to 45-50 knots.  Winds aloft are mainly from the west to northwest up to approximately  30,000 feet.  Above that, they are westerly.  Speeds average 20 knots at about 5,000 feet, 45 knots at about 10,000 feet, and 60 knots at about 18,000 feet.   

7.6.2.1  Operational Impacts. 

7.6.2.1.1  Air.  Ceiling and/or visibility is less than 3000 feet/3 miles about 20 percent of the time, less than 1000 feet/2 miles about 14  percent of the time, and less than 200 feet/1/2 mile only about 7 percent of the time.  Operations are impacted more often due to poor visibility than low ceilings.  Smoke from home heating and cooking units restricts valley visibility  most often around sunrise when the winds are light or calm.  Generally, air operations are hindered only by  mechanical turbulence as winds move over the rugged hills and mountains in the area.

Occasionally, a migratory low-pressure system in the West Sea will bring extensive layered  cloud cover, snow, and/or rain.  Rain is less common, and freezing rain is even more rare.  Cloud bases can be as low as 100-200 feet with tops up to 12,000 feet.  Higher terrain is often obscured and visibility can drop to near zero in heavy snow.  The strong winds brought by these systems cause moderate-to-severe turbulence over the rugged hills and mountains, up to 150 miles downwind.  Wind speeds can be up to three times stronger than the prevailing wind speed in areas prone to funneling.

Although primarily a spring phenomena, "yellow winds" or dust suspended in the atmosphere, caused by  extensive dust storms over Mongolia and China can affect the area.  This dust can extend as high as 15,000 feet and reduce in-flight visibility to as low as 2 miles.  Slant range visibility may be 1 mile or less.  This condition rarely lasts more than 1 or 2 days.  This dust can cause severe damage to turbine blades and propellers.

7.6.2.1.2  Ground.  Cold temperatures are the primary hindrance to ground operations.  Low wind chill temperatures can severely hinder troop movement and activity.  With winds of only 6-8 knots, a temperature of 0(F (-18(C) produce a wind chill temperature of -20 to -25(F (-29 to -32(C).  Flesh may freeze within one minute during these conditions.  The ground is mostly frozen, which improves trafficability.  Emplacement of any weapons or equipment that require ground anchoring may be nearly impossible without the use of explosives to break the frozen soil.  Rivers are usually solidly frozen throughout the month.  

During the passage of a migratory low, with its accompanying extensive cloudiness and precipitation, rain may still fall and freeze on exposed surfaces, especially vehicles and communications aerials.  An ice glaze on roads may make driving extremely hazardous.  At ground level, visibility may decrease to near zero during  heavy snow squalls.. 

7.6.3  February.

The Asiatic high remains very strong.  The polar front is well south of the peninsula, and cold, dry, continental polar air flows southward from Siberia. Temperatures moderate slightly from those of January, but are still cold, with mean daily temperatures in the low 20s to low 30s(F (-6 to 1(C).  Strong surges of cold air from  the Asiatic high reach the area about 3-4 times during the month and sharply lower temperatures.  Temperatures  as low as -8 to -14(F (-22 to -26(C) have been reported.  Temperatures in metropolitan Seoul average 4-5 Fahrenheit degrees warmer than in less populated or industrialized areas.

Mean cloud cover averages scattered (2/8 to 3/8).  Visibility is generally good, except for early morning ground fog and smoke/haze pollution.  This is especially true in sheltered  valley areas and around larger cities and population areas.  Early morning visibilities of 1-3 miles usually improves to 5-7 miles by mid morning.  Heavy snow showers will occasionally reduce ceilings to a few hundred feet, and visibility to near zero. 

Snow falls on about 4-6 days, usually with little accumulation.  However, snowfalls of 8 to 12 inches  have been reported in February.  

The prevailing wind is from the west to northwest, at a mean speed of about 6-8 knots.  The wind is  frequently calm near dawn.  During cold outbreaks from the Asiatic high, winds may gust up to 45-50 knots.  Winds aloft are mainly from the west to northwest up to approximately 30,000 feet; above that, they are westerly.  Speeds average 20 knots at about 5,000 feet, 45 knots at about 10,000 feet, and 60 knots at about 18,000 feet.   

7.6.3.1  Operational Impacts.  

7.6.3.1.1  Air.  Ceiling and visibility usually have little impact on air operations.  Ceiling and/or visibility is less than 3000 feet/3 miles about 20 percent of the time, less than 1000 feet/2 miles about 14  percent of the time, and less than 200 feet/1/2 mile only about 7 percent of the time.  Operations are restricted more often by reduced visibilities than low ceilings.  Smoke from home heating and cooking units restricts valley visibility most often near sunrise when the winds are light or calm.  Generally, air operations are hindered only by  mechanical turbulence as winds move over the rugged hills and mountains in the area.

Occasionally, a migratory low-pressure system in the West Sea will bring extensive layered  cloud cover and snow.  Cloud bases can be as low as 100-200 feet with tops up to 12,000 feet.  Mountain tops are often obscured and visibility can drop to near zero during heavy  snow.  The strong winds brought by these systems cause moderate-to-severe turbulence over the rugged  hills and mountains, up to 150 miles downwind.  In areas prone to funneling, winds can be up to three times stronger than the prevailing wind speed. 

Although primarily a spring phenomena, "yellow winds" or dust suspended in the atmosphere, caused by  extensive dust storms over Mongolia and China, can affect the area.  This dust can extend as high as 15,000 feet and reduce  in-flight visibility to as low as 2 miles.  Slant range visibility may be 1 mile or less.  This condition rarely lasts more than 1 or 2 days.  Engine turbines and propellers can be severely damaged by this dust.   

7.6.3.1.2  Ground.  Cold temperatures are the primary hindrance to ground operations.  Low wind chill temperatures can severely hinder troop movement and activity.  With winds of only 6-8 knots, a temperature of 0(F (-18(C) will produce a wind chill temperature of -20 to -25(F (-29 to -32(C).  Flesh may freeze within one minute during these conditions.  The ground is frozen, which improves trafficability.  Emplacement of any weapons or equipment that require ground anchoring may be nearly impossible without the use of explosives to break the frozen soil.  Rivers are usually solidly frozen throughout the month.  

During the passage of a migratory low, with its accompanying extensive cloudiness and precipitation, rain may still fall and freeze on exposed surfaces, especially vehicles and communications aerials.  An ice glaze on roads may make driving extremely hazardous.  At ground level, visibility may decrease to near zero during heavy snow squalls.

7.6.4  March.

The area remains under the influence of cold continental air from the Asiatic high, but, at the surface and lower levels, warmer, more moist air begins to invade the region.  The high may still send colder surges across the area, but not as frequent nor as intense as in January or February.  Migratory lows begin to move through more regularly.      

Temperatures moderate, with mean daily temperatures in the mid 30s to low 40s(F (2-6(C).    Temperatures  as low as  0 to 14(F (-18 to -10(C) have been reported.  Temperatures in heavily populated and industrialized areas average 4-5 Fahrenheit degrees warmer than in other areas.

Mean cloudiness is still scattered, averaging 3/8 to 4/8 coverage.  Visibility is generally  good, except for early morning ground fog and smoke/haze pollution.  Early morning visibility may be as low as a mile under these conditions, but usually improves to at least 5 miles by mid morning.  This is especially true in sheltered valley areas and around larger cities and population areas.  Rain showers and an occasional show shower, can reduce ceilings to a few hundred feet, and visibility to near zero.  Rain is the predominant form of precipitation in March.  It falls on about 7-9 days during the month.  Maximum daily rainfalls have exceeded 5 inches.  

Snow is rare in March and falls on only 1-3 days, usually with no accumulation.  However, snowfalls of up to 6 inches  have been reported in March.  

Prevailing winds are becoming southwest to west as the Asiatic High weakens and a more southerly wind pattern begins to develop.  Afternoon wind speeds average about 6-8 knots with light and variable or calm winds occurring at night and early morning.  Winds may gust up to 30-40 knots as migratory lows cross the area.  Winds aloft are mainly from the west to northwest up to approximately 30,000 feet; above that, they are westerly.  Speeds average 20 knots at about 5,000 feet, 45 knots at about 10,000 feet, and 60 knots at about 18,000 feet.   

7.6.4.1  Operational Impacts.

7.6.4.1.1  Air.  Ceiling and visibility impacts on air operations begin to increase.  Ceiling and/or visibility is less than 3000 feet/3 miles about 25 percent of the time, less than 1000 feet/2 miles about 14 percent of the time, and less than 200 feet/1/2 mile about 7 percent of the time.  Operations are more often impacted by reduced visibility than low ceilings. Smoke from home heating and cooking units restricts valley visibility most often near dawn when the winds are light or calm.  Air operations are hindered by mechanical turbulence as winds move over the rugged hills and mountains in the area.

Low-pressure systems and accompanying fronts bring extensive layered cloud cover and rain.  Cloud bases can be as low as 100-200 feet with tops up to 12,000 feet.  Higher terrain is often obscured and visibility can drop to near zero during heavy  rains.  The strong winds brought by these systems cause moderate-to-severe turbulence over the rugged hills and mountains, up to 150 miles downwind.  With an increase in moisture and cloudiness, the threat of aircraft icing increases.  Thunderstorms are rare in March, but may occur with strong low pressure systems and their associated fronts.  Although tops are generally less than 25,000 feet, thunderstorms can produce strong gusts, wind shear, and hail.     

Occasionally, "yellow winds" or dust suspended in the atmosphere, caused by  extensive dust storms over Mongolia and China, affect the area.  This dust can extend as high as 15,000 feet and reduce  in-flight visibility to as low as 2 miles.  Slant range visibility may be 1 mile or less.  This condition rarely lasts more than 1 or 2 days.  Engine turbines and propellers can be severely damaged by this dust.   

7.6.4.1.2  Ground.  Cold temperatures remain a hindrance to ground operations.  Low wind chill temperatures can hinder troop movement and activity.  With winds of only 6-8 knots, a temperature of 14(F (-10(C) will produce a wind chill temperature of 0(F (-18(C).  The ground begins to thaw in late February.  During March, lower valley areas and unimproved roads become very muddy, and both vehicle and foot travel may be hindered.  When temperatures are at or below 32(F (0(C), rain may freeze on exposed surfaces, such as vehicles and communications antennas, and their supporting structures.  An ice glaze on roads will make driving extremely hazardous.  At ground level, visibility may be significantly reduced during heavy rain showers.    

7.6.5  April.

Northerly winds diminish and are replaced by warmer, moist air from the south.  The Asiatic high decays rapidly and migratory low pressure systems pass more regularly.

Mean daily high temperatures rise to the upper 40s to low 60s(F (9-17(C).  Colder air will occasionally move over the area, bringing temperatures down to the low 20s to low 30s(F (-6 to 2(C), as the Asiatic high has not fully decayed.

Mean cloud cover averages 4/8 to 6/8 and restrictions to visibility become more common, especially during early morning when the wind is often calm.  Ground fog and smoke/haze pollution frequently reduce visibility to 3 miles or less.  This is especially true in sheltered  valley areas and around larger cities and populated areas.  Rain showers can reduce ceilings to a few hundred feet, and visibility to near zero.  Rain falls on about 7-9 days during the month.  Maximum daily rainfalls have exceeded 5 inches.  Snow is very rare in April.  

Prevailing winds are southwesterly as the Asiatic high weakens and a more southerly wind pattern develops.  Afternoon wind speeds average about 6-8 knots, but are usually light and variable overnight and into early morning.  Winds may gust up to 30-40 knots as migratory lows cross the area.  Winds aloft are mainly from the west to northwest up to approximately 30,000 feet; above that, they are westerly.  Upper level wind speeds decrease in April.  Speeds average 20 knots at about 5,000 feet, 35 knots at about  10,000 feet, and 45 knots at about 18,000 feet.   

7.6.5.1  Operational Impacts.   

6.6.5.1.1  Air.  Ceiling and visibility impacts on air operations become more common. Ceiling and/or visibility is less than 3000 feet/3 miles up to 40 percent of the time.  About 14-15 percent of the time, the ceiling and/or visibility is less than 1000 feet/2 miles, and less than 200 feet/1/2 mile about 8 percent of the time.  Smoke from home heating and cooking units contributes to visibility restrictions near dawn when the winds are light or calm.  Air operations are also hindered by mechanical turbulence as winds move over the rugged hills and mountains in the area.

Low-pressure systems can bring extensive layered cloud cover and rain.  Cloud bases can be as low as 100-200 feet with tops up to 12,000 feet.  Mountain tops are often obscured and visibility can drop to near zero during heavy  rains.  Strong winds associated with these systems cause moderate-to-severe turbulence over the rugged hills and mountains, up to 150 miles downwind.  With an increase in moisture and cloudiness, the threat of aircraft icing increases.  Thunderstorms are rare in April, occurring on only 1-2 days during the month.  Although tops of these storms average only 30,000 feet, they can produce strong gusts, wind shear, and hail.       

Although the Asiatic high is weakening rapidly, it will occasionally send cold outbreaks southward through the area.  Temperatures as low as 20(F (-7(C) have been reported with these outbreaks.  These low temperatures are rare, but are always possible.  Winds can be much stronger than usual under these situations and cause severe turbulence over mountain ridges. Many valley locations are vulnerable to funneling and may experience wind speeds up to three times stronger than the prevailing winds.

April is the most common month for "yellow winds" or dust suspended in the atmosphere, caused by extensive dust storms over Mongolia and China.  This dust can extend as high as 15,000 feet and may reduce in-flight visibility to as low as 2 miles.  Slant range visibility may be 1 mile or less.  This condition rarely lasts more than 1 or 2 days.  The dust can damage turbine blades and propellers.     

7.6.5.1.2  Ground.  In April, valley areas and unimproved roads become very muddy, and both vehicle and foot travel may be hindered.  Heavy rains and run off from spring thawing usually cause a substantial increase in river stages.  Localized flooding is possible, but wide-spread flooding does not usually occur.  At ground level, visibility may be significantly reduced during heavy rain showers.    

7.6.6  May.

Warm, moist air invades the area, bringing increased cloud cover and precipitation.  The polar front is moving north (called the Changma front) and occasionally migrates over the peninsula, bringing along strong low pressure systems with extensive layered clouds and heavy precipitation.  Strong thunderstorms are occasionally generated as the warm, moist air encounters the colder air over the land areas.

Mean daily temperatures are in the low 60s to low 70s(F (17 to 21(C).  Although significantly weakened, the Asiatic high still has enough strength to send the infrequent cold air surge over the region, bringing temperatures down to the mid-to-upper 30(Fs (2-3(C). Maximum temperatures have reached the low 90s(F 

(33(C) during May.

Mean sky cover averages 4/8 to 6/8.  Early morning visibility restrictions increase due to ground fog, especially in sheltered valleys during early morning when the wind is often calm.  Visibility restrictions are usually around 3 miles, but improve to 5-7 miles by mid-morning.  Rain showers can reduce ceilings to a few hundred feet, and visibility to near zero.  Rain falls on about 8-10 days during the month.  Maximum daily rainfalls have exceeded 10 inches.     

Prevailing winds are southwesterly as summer nears.  Afternoon wind speeds average about 5-7 knots but are light and variable or calm from around midnight to early morning.  Winds may gust up to 30-40 knots as migratory lows cross the area or during a thunderstorm.  Winds aloft are mainly from the southwest to northwest up to approximately 30,000 feet; above that, they are westerly.  Upper level winds decrease in speed, averaging 20 knots at about 5,000 feet, 25 knots at about 10,000 feet, and 35 knots at about 18,000 feet.   

7.6.6.1  Operational Impacts.

7.6.6.1.1  Air.  Low ceilings and visibility impact air operations during May, especially during the early morning hours (about 0300 -1000L).   Ceiling and/or visibility is less than 3000 feet/3 miles about 40 percent of the time and less than 1000 feet/2 miles about 15 percent of the time.  

The Changma front is advancing northward, and accompanying low-pressure systems bring extensive layered cloud cover and rain.  Cloud bases can be as low as 100-200 feet with tops up to 15,000 feet.  Mountain tops will be obscured and visibility can drop to near zero during heavy  rains.  Strong winds brought by these low pressure systems cause moderate-to-severe turbulence over the rugged hills and mountains, up to 150 miles downwind.  With an increase in moisture and cloudiness, the threat of aircraft icing increases.  Thunderstorms occur on 2-3 days during the month.  With tops averaging 35,000 feet, these thunderstorms can produce strong gusts, wind shear, and hail.

7.6.6.1.2  Ground.  Increased rainfall causes trafficability problems in lower valleys and over unimproved roads as the soil turns to mud in many locations.  Heavy run off from downpours can wash out roads and cause mud slides.  Heavy rains cause a substantial increase in river stages and localized flooding is possible.  Wide-spread flooding does not usually occur this early in the season.  At ground level, visibility may be significantly reduced during heavy rain showers. 

7.6.7  June. 

Warm, moist air invades the area, bringing increased cloud and precipitation.  The Changma front lies over the peninsula, bringing extensive layered clouds and heavy precipitation, usually starting around mid-month.  Strong thunderstorms are occasionally generated as the warm, moist air encounters the colder air over the land areas.  These storms are often embedded in multiple cloud layers.  Lows develop along the boundary and move over Korea every 4-5 days in June.  The typhoon season also begins in June, but only about 5 percent of Pacific typhoons affect the Korean peninsula.  

Mean daily high temperatures are in the mid 60s to upper 70s(F (18-25(C).  Maximum temperatures have reached the upper 90s(F (37(C) during June.  Humidity increases significantly, bringing the threat of heat-imposed outdoor activity restrictions.  Mean low temperatures are in the high 50s to mid 60s(F (15-18(C).    
Mean sky condition is broken, averaging 5/8 to 6/8 cloud cover.  Visibility restrictions are common, especially during early morning when the wind is often calm.  Ground fog and smoke/haze pollution frequently reduce visibility to 3 miles or less, especially in sheltered  valley areas and around larger cities and populated areas.  Rain showers can reduce ceilings to a few hundred feet, and visibility to near zero.  Rain falls on about 10-11 days during the month.  Average monthly rainfall totals average 3-4 inches.  Maximum 24-hour rainfall is over 10 inches.   

Prevailing winds are southwesterly, but on days with light winds, direction is influenced greatly by terrain.  Afternoon wind speeds average 5-7 knots, while winds are generally light and variable from midnight to early morning.  Winds may gust to 35-45 knots as migratory lows cross the area or during thunderstorms.  Winds aloft are mainly from the southwest to northwest up to 30,000 feet; above that, they are westerly.  Upper level wind speeds 20 knots at 5,000 feet, 25 knots at 10,000 feet, and 35 knots at 18,000 feet.   

7.6.7.1  Operational Impacts.

7.6.7.1.1  Air.  Low ceilings and visibilities cause significant impacts on air operations during June, especially during early morning hours.  Ceiling and/or visibility is less than 3000 feet/3 miles over 40 percent of the time and less than 1000 feet/2 miles about 15 percent of the time.  

The Changma front and accompanying low-pressure systems bring extensive layered cloud cover and rain.  Cloud bases can be as low as 100-200 feet with tops up to 15,000 feet.   Mountain tops are usually obscured and visibility can drop to near zero during heavy rains.  The strong winds generated by these systems cause moderate-to-severe turbulence over the rugged  hills and mountains, up to 150 miles downwind.  With the significant increase in moisture and cloudiness, aircraft icing becomes a threat.  Thunderstorms occur on about 1-2 days with average tops near 35,000 feet.  These thunderstorms can produce strong gusts, wind shear, and hail.       

7.6.7.1.2  Ground.  Increased rainfall causes trafficability problems in lower valleys and over unimproved roads as the soil turns to mud in many locations.  Heavy run off from downpours can wash out roads and cause mud slides.  Heavy rains cause a substantial increase in river stages and localized flooding is possible.  Widespread flooding does not usually occur this early in the season.  At ground level, visibility may be significantly reduced during heavy rain showers.  The high temperatures and increased humidity may pose a threat to outdoor activity and movement.  The wet bulb globe temperature (WBGT) should be  closely monitored, and activity adjusted accordingly.  The chemical warfare ensemble adds about 6 C degrees to the recorded WBGT. 

7.6.8  July. 

Korea is deep into summer and under the influence of the North Pacific high.  Warm, moist air dominates the area, with extensive cloud cover and precipitation until the Changma front passes north of the peninsula at the end of August.  July is the wettest month of the year. Strong thunderstorms are occasionally generated by surface heating and orographic life over the hills and mountains.  These storms are often imbedded in multiple cloud layers.  Lows form along the frontal boundary and transit Korea every 3-5 days in July. Typhoons are a threat during the month, but only about 5 percent of Pacific typhoons affect the Korean peninsula.    

Mean daily temperatures are in the upper 70s to low 80s(F (25-28(C).  Maximum temperatures may reach the upper 90s(F (37(C) during July, with extreme high temperatures topping 100(F (38(C) in many locations.  Mean minimum temperatures hover in the mid 70s to low 80s(F (23-28(C).  Humidity increases significantly, bringing the threat of heat-imposed outdoor activity restrictions.  There is little diurnal temperature change due to dense cloud cover and high humidity.      

Mean sky cover averages about 6/8s for the month.  Visibility restrictions are at a maximum, especially during early morning when the wind is often calm.  Ground fog and smoke/haze pollution frequently reduce visibility to 3 miles or less, especially in sheltered  valley areas and around larger cities and populated areas.  Rain showers can reduce ceilings to a few hundred feet, and visibility to near zero for short periods (l/2 to 1 hour).  Rain falls on about 11 days during the month.  Maximum daily rainfalls have exceeded 10 inches, especially during the passage of typhoons.  Monthly rainfall amounts are average 5-7 inches.   

Prevailing winds are southwesterly, but on days with light winds, direction is influenced greatly by terrain.  Afternoon wind speeds average 5-7 knots, while winds are generally light and variable from midnight to early morning.  Winds may gust to 35-45 knots as migratory lows cross the area or during thunderstorms.  Winds aloft are mainly from the southwest to northwest up to 30,000 feet; above that, they are westerly.  Upper level wind speeds 15 knots at 5,000 feet, 20-25 knots at 10,000 feet, and 25-30 knots at 18,000 feet.   

7.6.8.1  Operational Impacts.

7.6.8.1.1  Air.  Low ceilings and visibility impact operations most frequently in July.  Ceiling and/or visibility is less than 3000 feet/3 miles occurs over 50 percent of the time, with conditions less than 1000 feet/2 miles occurring about 20 percent of the time.  Worst visibility conditions generally occur in the early morning hours.    

The Changma front and accompanying low-pressure systems carry extensive layered cloud cover and rain into Korea.  Cloud bases can be as low as 100-200 feet with tops up to 15,000-18,000 feet.  Mountain tops are frequently obscured and visibility can drop to near zero during heavy  rains.  Strong winds generated by these low pressure systems cause moderate-to-severe turbulence over the rugged  hills and mountains, up to 150 miles downwind.  With the significant increase in moisture and cloudiness, aircraft icing becomes a threat.  Thunderstorms with average tops of 35,000 to 40,000 feet, occur on about 2-3 days during the month.  Hail may fall on occasion, but it is usually less than 1/2 inch.       

7.6.8.1.2  Ground.  Increased rainfall causes trafficability problems in lower valleys and over unimproved roads as the soil turns to mud in many locations.  Heavy run off from downpours can wash out roads and cause mud slides.  Wide-spread flooding does not usually occur except during prolonged rains from very strong systems or during the passage of typhoons.  At ground level, visibility may be significantly reduced during heavy rain showers.  The high temperatures and increased humidity may pose a threat to outdoor activity and movement.  The wet bulb globe temperature (WBGT) should be closely monitored, and activity adjusted accordingly.  The chemical warfare ensemble adds about  6 C degrees to the recorded WBGT.  Heatstroke, sunstroke, and dehydration threaten operations on ground.  

7.6.9  August.   

Warm, moist air, extensive clouds, and precipitation, associated with strong low pressure systems moving along the Changma front, continue to dominate the peninsula.  Strong thunderstorms are occasionally generated as the warm moist air is lifted over the rugged hills and mountains.  These storms are often imbedded in multiple cloud layers.  Lows develop and move across Korea every 2-5 days during the month.  Typhoons are a threat, but only about 5 percent of Pacific typhoons affect Korea.  

Mean daily high temperatures average in the low 70s to mid 80s(F (22-29(C).  Maximum temperatures may reach the upper 90s(F (37(C) or higher during August, with extreme maximums topping 100(F (38(C) in many locations.  High temperatures and humidity bring the threat of heat-induced outdoor activity hazards.  Diurnal temperature variations are minimal due to dense cloud cover and high humidity.     

Mean sky cover averages about 6/8s.  Visibility restrictions remain high, especially during early morning when the wind is often calm.  Ground fog and smoke/haze pollution frequently reduce visibility to 3 miles or less, especially in sheltered valley areas and around larger cities and populated areas.  Rain showers can reduce ceilings to a few hundred feet, and visibility to near zero.  Rain falls on about 11-12 days during the month.  Maximum daily rainfalls have exceeded 15 inches, especially during the passage of typhoons.  Average monthly rainfall is around 5-7 inches.

Prevailing winds are southwesterly, but on days with light winds, direction is influenced greatly by terrain.  Afternoon wind speeds average 5-7 knots, while winds are generally light and variable from midnight to early morning.  Winds may gust to 40-50 knots as migratory lows cross the area or during thunderstorms.  Winds aloft are mainly from the southwest to northwest up to 30,000 feet; above that, they are westerly.  Upper level wind speeds 15 knots at 5,000 feet, 15-25 knots at 10,000 feet, and 35-45 knots at 18,000 feet.   

7.6.9.1  Operational Impacts.

7.6.9.1.1  Air.  Low ceilings and visibility have significant impacts air operations in August, especially during early morning hours.  Air operations below 3,000 feet remain difficult as ceiling and/or visibility is less than 3000 feet/3 miles more than half the time.  Ceilings and visibilities are reduced below 1000 feet/2 miles about 15 percent of the time.  

The Changma front and accompanying low-pressure systems carry extensive layered cloud cover and rain into Korea.  Cloud bases can be as low as 100-200 feet with tops up to 20,000 feet.  Mountain tops are frequently obscured and visibility can drop to near zero during heavy  rains.  Strong winds generated by these low pressure systems cause moderate-to-severe turbulence over the rugged  hills and mountains, up to 150 miles downwind.  With the significant increase in moisture and cloudiness, aircraft icing remains a threat.  Thunderstorms with average tops of 35,000 to 40,000 feet, occur on about 2-3 days during the month.  Hail may fall on occasion, but it is usually less than 1/2 inch.       

7.6.9.1.2  Ground.  Heavy rains cause trafficability problems in lower valleys and over unimproved roads as the soil turns to mud in many locations.  Heavy run off from downpours can wash out roads and cause mud slides.  Widespread flooding does not usually occur except during prolonged rains from very strong systems or during the passage of typhoons.  At ground level, visibility may be significantly reduced during heavy rain showers.  The high temperatures and increased humidity may pose a threat to outdoor activity and movement.  The wet bulb globe temperature (WBGT) should be closely monitored, and activity adjusted accordingly.  The chemical warfare ensemble adds about  6 C degrees to the recorded WBGT.  Personnel must be monitored for signs of heat-related illness, such as heatstroke, sunstroke or dehydration.  

7.6.10  September. 

During the first half of September, warm, moist air dominates the peninsula, producing extensive clouds and precipitation.  Strong thunderstorms are occasionally generated as the warm moist air is lifted over the hills and mountains in the area.  These storms are often imbedded in cloud layers.  Low pressure systems continue to develop and move along the front every 2-5 days during the first half of the month.  Typhoons are still a threat, but only about 5 percent of Pacific typhoons affect Korea.  

During the last half of the month, conditions begin to improve.  Cloudiness and precipitation begin to decrease and temperatures moderate.  Precipitation decreases sharply ad the polar front moves south of the peninsula.  Temperatures are still warm but the air is much drier as high pressure begins to build over Siberia.  

Temperatures are pleasant in September, with mean daily high temperatures in the low 60s to mid 70s(F 

(17-23(C).  Extreme high temperatures may reach the upper 80s to low 90s(F (30-33(C).  High temperatures and humidity may bring the threat of heat-induced hazards during outdoor activity, particularly during the beginning of the month.     

Sky cover is decreasing, averaging scattered-broken (about 4/8 - 5/8).  Ground fog and smoke/haze pollution may occasionally reduce visibility to 3 miles or less, especially in sheltered valley areas and around larger cities and populated areas.  Rain showers can reduce ceilings to a few hundred feet, and visibility to near zero, mostly early in the month.  Rain falls on about 5-9 days during the month.  Maximum daily rainfalls have exceeded 15 inches, especially during the passage of a late season typhoon, but average monthly rainfall is around 4 inches.    

Prevailing winds are southwesterly, but on days with light winds, direction is influenced greatly by terrain.  Afternoon wind speeds average 5-7 knots, while winds are generally light and variable from midnight to early morning.  Winds may gust to 40-50 knots as migratory lows cross the area or during thunderstorms.  Winds aloft are mainly from the southwest to northwest up to 30,000 feet; above that, they are westerly.  Upper level wind speeds 15 knots at 5,000 feet, 15-25 knots at 10,000 feet, and 35-45 knots at 18,000 feet.   

7.6.10.1  Operational Impacts.

7.6.10.1.1  Air.  Low ceilings and visibility impact air operations in September, especially during the first half of the month.  Ceiling and/or visibility is less than 3000 feet/3 miles about 25 percent of the time.  Smoke from home cooking units contributes to visibility restrictions near dawn when the winds are light or calm, especially in low-lying areas.  Conditions improve toward the end of the month.  

Cloud bases can be as low as 100-200 feet with tops up to about 20,000 feet.   Surface-based ceilings may be encountered in the mountains and visibility can drop to near zero during heavy  rains.  Strong winds may cause moderate-to-severe turbulence over the rugged hills and mountains, up to 150 miles downwind.  With sufficient moisture and cloudiness, aircraft icing is a threat.  Thunderstorms are rare, but can produce strong gusts, wind shear, and small hail.       

7.6.10.1.2  Ground.  During the first half of the month, heavy rains may cause trafficability problems in lower valleys and over unimproved roads as the soil turns to mud in many locations.  Heavy run off from downpours can wash out roads and cause mud slides.  River stages are lowering, but localized flooding is possible.  Wide-spread flooding does not usually occur except during the passage of a late season typhoon.  By the second half of the month, rainfall is down significantly, so the threat of flooding is also reduced.  The lower temperatures reduce hazard of heat stress during outdoor activity.  

7.6.11  October. 

By October, the polar front moves to a mean position south of Korea as the Asiatic high starts to form.  Cool, dry air invades the peninsula and replaces the warm air of summer.     

Temperatures are cool in October, with average highs ranging from the upper 40s to mid 60s(F (9-18(C).  High temperatures may still reach the low 80s(F (28(C), and minimums  may fall to the upper 20s(F (-2(C).  Extreme maximums still reach into the 90s(F, especially in the first half of the month.       

Mean sky cover is scattered (about 3/8 - 4/8.)  Under clear skies, and with calm winds, ground fog will form in the early morning hours.  This fog, along with smoke/haze pollution, may reduce visibility to 3 miles or less, particularly around sunrise.  This is especially true in sheltered valley areas and around larger cities and populated areas.  As temperatures warm by mid-morning, visibility usually increases to 5-7 miles or more.  Rain falls on about 5-7 days during the month.  Early season cold outbreaks from the intensifying Asiatic high may bring a snow shower on 1 or 2 days late in the month.            

Prevailing winds are westerly, at average speeds of 5-7 knots during the afternoon; late night and early morning winds are usually light and variable.  In the absence of synoptic-scale wind flow patterns, terrain effects influence wind direction.  Winds aloft are mainly from the southwest to northwest up to approximately 30,000 feet; above that, they are westerly.    Speeds average 15 knots at 5,000 feet, 15-25 knots at 10,000 feet, and 35-45 knots at 18,000 feet.  Although early in the season, foehn winds are possible in association with an early cold surge from the Asiatic high.  These winds may be 2-3 times stronger than prevailing winds, especially in areas prone to funneling.

7.6.11.1  Operational Impacts.
7.6.11.1.1  Air.  Ceiling and visibility restrictions on air operations decrease dramatically in October, with  ceiling and/or visibility less than 3000 feet/3 miles occurring only about 20 percent of the time.  Smoke from home cooking units and early morning ground fog cause  valley visibility restrictions near dawn when the winds are light or calm.  Conditions generally improve to 5-7 miles by mid morning.    

Strong winds brought by a cold outbreak from the Asiatic high may cause moderate-to-severe turbulence over the rugged hills and mountains, up to 150 miles downwind.  Migratory low pressure systems and associated fronts may bring layered cloud decks up to 15,000 feet.  In these clouds above the freezing level, aircraft icing is probable.

7.6.11.1.2  Ground.  The ground dries rapidly in October, and trafficability is generally good.  Rivers are returning to normal levels, and the threat of localized flooding is minimal.  Temperatures at or below freezing will cause rain to freeze on exposed surfaces, and make driving hazardous.  There is usually no snow accumulation in October, except in the highest mountain locations.   

7.6.12  November.

The Asiatic is usually fully developed by mid-November, and cold, dry, continental polar air flows southward over the peninsula from Siberia. 

Temperatures are cool, with mean daily highs ranging from the upper 30s to low 50s(F (3-11(C).  Temperatures fall below 32(F (0(C) on about half the days in the month.  Although early in the season, a strong surge of cold air from the Asiatic high occasionally reaches this area and sharply lowers temperatures.  Temperatures as low as 5 to 10(F (-12 to -15(C) have been reported.    

Cloud cover remains scattered, averaging only 2/8 to 3/8.  Visibility is generally good, except for early morning ground fog and smoke/haze pollution, especially in sheltered valley areas and around larger cities and populated areas.  Visibility may be less than 3 miles, and occasionally less than 1 mile, but generally improve to 5 miles or greater by mid-morning. 

Rain occurs on about 6-7 days, with total monthly precipitation accumulation 1-2 inches. Snow falls on 2-3 days, usually toward the end of the month, with very little accumulation.    

The prevailing wind is from the southwest to northwest at a mean speed of 6 knots during the afternoon, but is usually light and variable overnight through early morning.  Winds aloft are mainly from the west to northwest up to approximately 30,000 feet; above that, they are westerly.  Upper-level wind speeds begin to increase, averaging 20 knots at 5,000 feet, 25 knots at 10,000 feet, and 50 knots at 18,000 feet.   

7.6.12.1  Operational Impacts. 

7.6.12.1.1  Air.  On the average, ceiling and/or visibility is less than 3000 feet/3 miles about 20 percent of the time, less than 1000 feet/2 miles about 14 percent of the time, and less than 200 feet/1/2 mile about 7 percent of the time.  Low visibility obstructs air operations more frequently than low ceilings, with the greatest impact to operations occurring in the early morning.  Air operations can be hindered by mechanical turbulence as winds move over the rugged hills and mountains in the area.

On rare occasions, a migratory low-pressure system in the West Sea will bring in extensive layered cloud cover and rain and/or snow to the area.  Cloud bases can be as low as 300 feet with tops up to 12,000 feet and often obscure mountain tops in the area.  Visibility can drop to near zero during periods of heavy snow.  Strong winds generated by these systems cause moderate-to-severe turbulence over the rugged hills and mountains, up to 150 miles downwind.   

Extremely cold outbreaks from the Asiatic high are rare during November, but temperatures as low as 5(F 

(-14(C) have been recorded.  Strong winds associated with such outbreaks can be 2-3 times stronger than the prevailing winds in areas prone to funneling.   

7.6.12.1.2  Ground.  Weather causes few impacts on ground operations in November.  Flooding is rarely a consideration, since the heavy rains of summer have ended.  The ground is drying, which  improves trafficability, but it has not begun to freeze. 

During the passage of a migratory low, with its accompanying extensive cloudiness and precipitation, rain  may freeze on exposed surfaces, especially vehicles and communications aerials.  An ice glaze on roads  may make driving extremely hazardous.  At ground level, visibility may decrease to near zero during  heavy rain or snow squalls.  Lower temperatures and high winds can lower the wind chill to dangerous  levels.  Hypothermia can be a threat to troops working outside. 

7.6.13  December. 

By December, the Asiatic high becomes more intense and its effects on Korea are more prevalent.  Temperatures are cold, with mean daily highs in the mid-20s to upper-30s(F (-3 to 3(C).  Temperatures fall below 32(F (0(C) on 22-28 days during the month.  Strong surges of cold air from the Asiatic high reach the area 2-3 times during the month and sharply lower temperatures.  Temperatures as low as 0 to -4(F 

(-15 to -18(C) have been reported.

Mean sky condition is scattered (2/8 to 3/8).  Visibility is generally good, except for early morning ground fog and smoke/haze pollution, particularly in sheltered valley areas and around larger cities and populated areas.  Visibility may be reduced to less than 3 miles around sunrise, but generally improve by late morning.  Heavy snow showers will occasionally reduce ceilings to a few hundred feet, and visibility to near zero. 

Rain occurs on 4-5 days, primarily early in the month.  Snow falls on 5-7 days, usually with little accumulation, but 7 inches or more has been reported in the northern part of the area.  

The prevailing wind is from the southwest to west at a mean speed of about 6-8 knots during the afternoon, but cold outbreaks from the Asiatic high can bring gusts of 40 knots or more.  The wind is  frequently calm near dawn.  Winds aloft are mainly from the west to northwest up to 30,000 feet; above that, they are westerly.  Wind speeds average 20 knots at 5,000 feet, 25 knots at 10,000 feet, and 50 knots at 18,000 feet.   

7.6.13.1  Operational Impacts.
7.6.13.1.1  Air.  Ceiling and/or visibility is less than 3000 feet/3 miles about 20 percent of the time, less that 1000 feet/2 miles about 14  percent of the time, and less than 200 feet/1/2 mile about 7 percent of the time.  Restrictions to operations is  more often caused by low visibility than low ceilings, especially during the early morning hours.  Air operations Can be hindered by  mechanical turbulence as winds move over the rugged hills and mountains in the area.

On rare occasions, a migratory low-pressure system in the West Sea will bring in extensive layered cloud cover and rain and/or snow to the area.  Cloud bases can be as low as 300 feet with tops up to 12,000 feet and often obscure mountain tops in the area.  Visibility can drop to near zero during periods of heavy snow.  Strong winds generated by these systems cause moderate-to-severe turbulence over the rugged hills and mountains, up to 150 miles downwind.   

Cold outbreaks from the Asiatic high occur 2-3 times in December.  Expect temperatures as low as -4(F (-15(C) with these outbreaks.  Wind speeds can be 2-3 times greater than prevailing speeds in areas prone to funneling.   

7.6.13.1.2  Ground.  Cold temperatures are the primary hindrance to ground operations.  Low wind chill temperatures can severely hinder troop movement and activity.  With winds of only 6-8 knots, a temperature of 0(F (-18(C) will produce a wind chill temperature of -20 to -25(F (-29 to -32(C).  Flesh may freeze within one minute during these conditions.  Troops on the ground must be closely watched for evidence of frostbite and hypothermia.   The ground begins to freeze in mid-December, which improves trafficability.  Frozen ground makes planting gun emplacements difficult.  

During the passage of a migratory low, with its accompanying extensive cloudiness and precipitation, rain  may freeze on exposed surfaces, especially vehicles and communications aerials.  An ice glaze on roads may make driving extremely hazardous.  At ground level, visibility may decrease to near zero during heavy rain or snow squalls.

7.7  Trafficability Assessment.

7.7.1  Chorwan Corridor.  Near Pyonggang, the northern-most part of the Chorwan Corridor, the soil is mixed sand, loam, and or clay, typical of the low hills in the area.  The surface soil covers a coarse alluvium (a mix of sand and mud deposited by flowing water).  Trafficability is fair to good, except during spring thaws, when it is poor.  The soil becomes slippery with clinging mud when wet, but generally dries quickly.  Movement by foot is generally good to fair.

The soils in the rest of the Chorwan Corridor are sand or gravel, typical of lowlands and lower slopes.  The areas are chiefly planted with crops other than rice, with scattered small wet rice fields.  Trafficability is excellent in summer and fall, except in the flooded rice fields.  During winter, movement is generally unimpeded.  During the spring thaws, trafficability is frequently poor.  The soils are well drained, however, and dry quickly after heavy rains or thaws.  The corridor is subject to flooding.  Early arrival of warmer spring temperatures can cause rapid thawing and melting, and the runoff may overwhelm the drainage systems.  Also, with heavy rains from spring and summer thunderstorms, or persistent rains during passage of a typhoon, widespread flooding is a serious threat.

Motorized traffic is confined to existing roads.  Movement by foot is difficult due to dense vegetation, steep slopes, and large boulders.  

7.7.2  Kaesong-Munsan Corridor.  This corridor crosses the Imjin River via a multi-lane highway bridge.  At that point, the river valley is slightly over 1.5 NM wide.  During heavy rains (the summer season, and tropical storms), this river rises dramatically, covers the entire valley, and has reached depths of over 44 feet near the DMZ.  In the absence of bridges, it poses a major invasion barrier under these conditions.  However, the Imjin freezes from mid-November through mid-March--ice can be up to 15 inches thick.  Rice paddies from Kaesong to the DMZ also flood during the summer season.

7.7.3  Seoul-Kimpo Corridor.  The entire area is heavily urbanized and, in fact, part of metropolitan Seoul. The 8 NM corridor extending eastward from Kimpo area in the steadily narrowing Han River valley is surrounded by mountains.  East of the city center, a rectangular plain some 6 NM wide by 8 NM long extends north from the Han towards Uijongbu.  Mountains east of this valley reach elevations up to 2,900 feet, while mountains south of the Han reach just over 2,000 feet .  Numerous bridges cross the Han throughout the area connecting the south and north banks.  Precipitation runoff is extremely high; almost all of the drainage waters reach the Han.  As a result, urban and urban stream flooding is a common problem during any heavy or prolonged rain, especially during the summer rainy season or with tropical storms/typhoons.  The Han rises rapidly as a result;  known greatest river depths at Seoul are over 35 feet.

The mean date of the first snowfall in the area is November 10, and the date is around March 20.  The mean surface soil freeze date is December 10, and the mean thaw date is February 20.
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