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Foehn in Eastern Taiwan

| nt roducti on

Foehnisaregiona warmand dry wind whichisacommon weather phenomenonin Taiwan. Foehn
originatesasfollows: astheair isforced to rise over thewindward mountain s opes, it coolsbecausethe
pressure decreases and the air expands at higher atitudes. When the air is saturated, water vapor will
condenseto form cloud and cause precipitation. At the sametime, therelease of latent heat will occur. As
theair flowsover themountai n range and descends, it warms becausethe pressureincreasesandtheair is
compressed at |ower atitudes. Thiswarming, however, isgreater than the cooling that occurred duringthe
ascent because the latent heat was added to the air. Therefore, the leeside air isboth warmer and drier
than the one on the windward side. (Chou, 1963; Kuo and Young, 1982).

Many farmersfear for Foehn becauseits strong, dry and warm wind can bring physical injury and
dehydration to crops. For example, the Foehn induced by typhoon ‘ Ike' on 1981 made severa thousand
hectares of ricefield ‘whitened’ and plundered over NT$100 million (NT$28:US$1) from thefarmers.
Though we may plant some strong-wind-resi stant trees around the fields to protect our crops, only 20-
30% of total evaporation isdecreased while other wayslike avoidance, danger distribution and watering
look rather passive. However, how does Foehn makefarmerssuffer likethis?Will they havemoretimeto
prepare before the phenomenon occursif we understand more of it?

Pur pOSe

(1) To analyze and depict the regularity of different meteorological factors before and during the
Foehn occurrencein Taitung County, Eastern Taiwan.

(2)Try to devel op arough index from the regul aritieswe discovered to forecast Foehn.

Data Analysis and Procedures

(1)DataCallecting:

1.A report of Foehn occurrencesfrom 1994 to 1998 (by Taiwan Tea Experiment Substation, Luyeh,
Taitung)

2.Surface meteorol ogical observation data (including hourly air pressure, air temperature, relative
humidity, wind direction, wind speed and precipitation) from 8 stations on the windward west s ope of
Centra Mountain Rangein Taiwan and another 9 ontheleeward side. The stationson thewest are chosen
inorder to understand what had happened beforetheair rise over the mountain slope, and the east ones
are used to present the characteristics of leeside air.

3.Topographic mapsof Taiwan.

4.As a Pacific surface weather maps and Japan GM S IR satellite imageries from 1994 to 1998
plotted by Central Weather Bureau of Japan (2 mapsaday at 00 UTC and 12 UTC before 1996 and 4
maps aday after).

(2Andyds

1.Classify Foehn casesby different synoptic westher patterns.

2.Anayzethevariation of hourly air pressure, air temperature, relative humidity, wind speed and
wind direction during the Foehn occurrence. Most thework isoperated under Microsoft Excel.




3.Topographic winds are sometimes 180° different from the synoptic wind, so we choose Station
Kaohsiung (Southwest Plain), Lanyu and Lutao (isles off the East Coast) to analyzethewind. These 3
stationsaredll far away from themountains, so that thewind directionsrecorded there are out of terrain
effect.

Classifying

13 Foehn casesfound in Taitung County from 1994 to 1998 were classified with synoptic weather
patternsinto 2 types: (1) Typhoon Type: thereweretyphoons moving northward off the East Coast when
Foehn occurred (2) Front Type: there was astationery front or acold front around East China Seawhen
Foehn occurred.

1

6

1) Typhoon Type
Date Duraion  Variation Range of Air VaiaionRangeof Rda MaximumWind Nameof
(LST) Temperature( ) tiveHumidity (%) Speed (m/s) Typhoon
8/ 7/ 94 20- 23 23.5-35.9 90- 34 Doug
8/ 21/ 94 6-12 23-40.5 91- 32 Fred
10/ 10/ 94 2-14 21-41 96- 27 Set h
7/31-8/1/96 19-1 28-34 96- 48 27.9 Her b
8/ 18/ 97 2-21 26-36.5 88- 37 31.9 W nni e
10/ 16/ 98 9-17 26- 30 93- 48 24.5 Zeb
2) Front Type
Date Duration  Variation Range of Air VaiaionRangeof Rda  MaximumWind
(LST) Temperature( ) tiveHumidity (%) Speed (M/s)
4/ 14/ 95 6-16 20. 5- 38 93- 34
3/ 15/ 96 2-12 22- 39 80- 23 11.7
5/ 7/ 96 8-16 25- 36 92- 40 9.7
2/ 14/ 98 7-15 19-32.5 78- 26 9.6
3/4-5/98 19-10 24- 27 78- 39 20. 4
3/9/98 9-17 25-32.5 92- 36 10.6
4/ 24/ 98 7-16 24-37.5 95- 36 13.9

We named these Foehn cases by the date it happened. For example, Case 073196 referred to the
casehappened from July 31to August 1, 1996. For theexample of detailed analysisresultsof air pressure,
air temperature, relative humidity, etc, pleaserefer to thelast few pagesof thisreport.

Foehn: Typhoon Type

When the Typhoon Type Foehn happened, wefound that:

1)The centers of these typhoons all passed through a square arearanged from 120°E to 124°E,
25°N to 28°N. Despite typhoon ‘ Zeb' that turned northeastward after it encountered the island (Case
101698 will be discussed later in Chapter 7-4), dl the other typhoonskept moving northwestward off the
East or Southeast Coast. Thelowest air pressures of typhoon centerswere between 940-970 hPaduring
the Foehn occurrences.




2)During the Foehn occurrences, the observation of wind speed in Lanyu was 15-25 m/s, showing
that Lanyu wasright on the edge of the storm center.

3)Air Pressure (Fig. 1): Thecurvesof air pressure variation during the Foehn occurrenceslook likea
‘funnel’. Theair pressurein Kaohsiung and other stations over East Coast kept decreasing from 1000-
1005 hPatothelowest point on‘ Foehn Day’ , showing that thetyphoonscamecloser; thenit rosegradualy,
indicating that the typhoonswent farther. Foehn was strongest 3 hoursbefore/after thelowest air pressure
was observed.

AAir Temperature (Fig. 2): If foehn started a midnight, theair temperaturewould increasefurioudy
and get back tothenormal at 6 or 7 LST in the morning. There was asharp peak, sometimes two peaks
on thetemperature curve. If Foehn began around sunrise and ended in the sunset, the curve would ook
like aMayan pyramid. There was no obvious difference in temperature on both sides of the mountain
before Foehn occurred, but the daily temperature variation in windward stationswas not so obviouson
Foehn Day as compared to normal days.

5)Relative Humidity (Fig. 3): Thevariation of relative humidity was oppositeto air temperature.
Rdativehumidity in Taitung and Tawufe | dramatically and maintained theminimumuntil itsincrease sev-
eral hourslater (there were not enough datato show when the relative humidity cameback to normal in
Tawu in Case 082194 and 101094).

6)Wind Speed (Fig. 4): Wind speed in Kaohsiung began to soar 12 hours before the Foehn
occurrences. Itisdifficult to determine exactly the timewhen wind speed in Lanyu and L utao started to
rise, but the highest wind speed was amost four times stronger than thelowest.

7)Wind Direction: Wind direction became more predictable over plain or ide stations 6 hoursbefore
theoccurrences; modtly it started asnorth or north-northeast wind, then turned counterclockwisegradualy,
and one or two hours later, the foehn occurred. We can prove that the wind crossed over the Central
Mountai n Rangethrough an countercl ockwi se path with thisphenomenon discovered. Inthelocale, there
was an unstable period before the standard wind direction of foehn came. Air temperature and relative
humidity respondedimmediately if wind direction or speed suddenly changed.

8)Precipitation (Fig. 5): Therewererainfall recordsin most stations on the west slope of Central
Mountai n Range beforethe Foehn occurrences.

Foehn: Front Type
1)

\_

Case  Synoptic weather pattern during the Foehn occurrences

041495 Stationery front and cold front on East China Sea, the center of Pacific high pressurefield north-
east of theidand

031596 Stationery front on East China Sea, the center of Pacific high pressurefield east of theidand

| 050796 Thecenter of low pressurefield southeast of Japan, cold front extended southwestward

021498 Stationery front south of East China Sea, strong Pacific high pressurefield

| 030498 Cold front passing through Taiwan, temperate zone cyclonenear Ryukyu Idands

030998 Three center high pressure field in the south of Japan, on East China Sea and over Canton,
stationery front parallel to Southeast Coast of Mainland China, Pacifichigh pressurefield very far

avay

| 042498 Stationery front on East China Sea, Pacific high pressurefield very far away

N
N
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2)Air Pressure(Fig. 6): Therewasadiurna variationinair pressure (highest at 8-11 L ST and 21-23
LST, lowest point at 3-5 and 15-18 L ST). When Foehn occurred, the highest point and the lowest point
fell 5-6 hPain average, and thelatter usualy reduced morethan theformer.

DAir Temperature(Fig. 7): Therewasa so anotabledaily variationinair temperature. It reached the
lowest point around dawn, and reached the highest around 14 or 15 L ST. However, air temperaturerose
gradualy beforethe Foehn occurrences; thedifference between the maximum and minimum temperatures
on Foehn Day was 65% higher than averagein normal days.

2)RdativeHumidity (Fig. 8): Thehighest valuewasbefore sunriseandthelowest wasat 14-16 L ST.
Wefound somelocal relativehumidity characteristicsvery interesting: the curvesof Taitunglook justlike
funnels, decreasing fast and increasing fast, but those in Tawu take alot more timeto recover. Terrain
effect may play somerole, but we need more study to proof it.

3)Wind Speed (Fig. 9): Wind speed doubled or trebled in Kaohsiung and L utao 4-6 hours beforethe
Foehn occurrences, but it trebled or quadrupled surprisingly in Lanyu even earlier.

4)Wind Direction: Thewind becamefairly stable 12 hoursor earlier before the Foehn occurrences.
Severa hours(depending on how fast thefront moving) after thefoehn wasover, thewind turned to north
or northeastinashort time.

5)Precipitation (Fig. 10): Therewererainfall recordsin most stations on the west dope of Central
M ountain Range beforethe Foehn occurrences.

Di scussion: Typhoon Type

1)Cyclonic storm haswinds spinning counterclockwiseabout itscenter in theNorthern Hemisphere,
soif the typhoon center located near East China Sea, the high westerly or southwesterly surface winds
could climb over the Central Mountain Range, descend in Eastern Taiwan and causefoehn.

2)According to the definition of tropical cyclone, the range of 940-970 hPameans‘ mild to strong
moderate typhoons.” If the path of typhoon fitsthe one narrated in Chapter 5-1 but itscirculation istoo
weak to crossover the Central Mountain Range, Foehnwill not happen; but if the circulationistoo strong,
itwill rain bothinwestern (windward) and eastern (leeward) dopeof Central Mountain Range, and Foehn
will not happen either.

3)Thelocaeswereusualy 300 km away from the center of typhoon, whilethe stormradiusof wind
speed of 30kt (15m/s) wasaso around 300 km. It isbelieved that foehn often took place on the edge of
thetyphoonswheretheair sank.

A)Typhoon* Zeb' isquiteaweirdo among al thesix casesof thetype, no matter the path, theintensity
or the storm radius. Zeb was formed near the Philippines, weakened and turned northward after it hit
L uzon. Hechanged hisdirection againto north-northeast when moving along Taitung' scoastline. Keeping
turning eastward, his center came to the ocean northeast of 11an County in the evening of October 16,
1998, when wind speed in Lanyu marked 7.7m/sin average. Thelocation of Zeb and its shrunk storm
circlewerejust right for inducing foehnin Eastern Taiwan.

5)Thereasonswhy the other typhoonsin 1994 to 1998 did not inducefoehn in Taitung are unveiled
by applying thediscoveriesabove:




Nameof Typhoon Date Strongest Intensity Reason

1994 )

Tina 7/9-11 L Crossed over theidland and brought precipitation

Yunya 7/19-20 W Wrong path (too southerly)

Catlin 8/1-4 W Crossed over theidland and brought precipitation

Gladys 8/30-9/2 M Probably induced foehnin Tawu, but with not enough
evidence )

1995 )

Deanna 6/5-9 W Landed in the central part of theidand with weak
intengty

Gay 7/29-31 W Wrong path (too westerly)

Helen 8/8-9 W Wrong path (too southerly)

Janis 8/22-24 W Path smilar to Winni€'s, but not strong enough

Kent 8/29-30 M Wrong path (too southerly)

Ryan 9/21-23 M Path smilar to Zeb's, but with stronger intensity and
brought precipitation )

1996 )

Cam 5/21-24 W Wrong path (too southerly)

Gloria 7/25-27 M Induced foehn on the west dope of Central Moun
tain Range (not discussed inthisstudy)

Lisa 8/6-7 W Wrong path (too westerly)

SAly 9/6-8 M Wrong path (too southerly)

Zane 9/26-29 M Wrong path (too easterly)

Ernie 11/10-12 W Wrong path (too southerly) )

1997 )

Amber *8/29 M Crossed over theidland and brought precipitation

Cass *8/30 wW Wrong path (too easterly)

Iven *10/21 S Wrong path (too southerly) )

© 1998 )

Nichole *7/10 wW Wrong path (too westerly)

Otto *8/4 w Crossed over theisland and brought preci pitation

Yami *0/28 w Path similar to Zeb's, but not strong enough

Babs *10/27 M Wrong path (too westerly)

P.S. The gtars (*) indicate the date when the typhoons invaded or approached Taiwan; other dates
mean thelifeduration of typhoons.

7)Thefoehn effect expands asthe warm and dry airflow moves, so the change of air pressureand
relativehumidity will first occur intheplacethat theair reachesearlier. Thereativehumidity variation order
of ‘ Tawu - Taitung - Chengkung - Huaien’ indicatesthat thewind moving from southwest to northeast.

8)Some stations on the west dope of Central Mountain Range had little or even no precipitation.
After referring to the maps, | found that these stations are situated next to the mountain or on the South-
west Plain, where precipitation near the ridge was rather inaccessible. But this does not mean that water
vapor did not condensewhen crossing over themountain.
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Di scussi on: Front Type

1)Front Type Foehn cases occurred from early spring to early summer (February to June). Thecold
and dry northeast monsoon in East Asiaoriginates from the northern Asiacontinent in winter, and the
warm and moist southwest monsoon comes from the tropi cal ocean such asthe western Pacific and the
South ChinaSeain summer. During spring to early summer, atransition phase occurs between the north-
east and southwest monsoon and a front tends to form between amigratory high in the north and the
subtropical highin the south. Taiwan isin thewarmer areaand has southwest wind blowing beforethe
fronts approach southward. Thewind might crossover the Central M ountain Range and induced Foehn.
To sum up, if wewant afoehn takes placein Taitung County, afront north to Taiwan is necessary. This
conclusionisaso proved by the surface weather maps.

2)Themigratory high kept pushing the front southward and air pressurein Taiwan kept decreasing
but the diurnal variation was still found. This phenomenon isavery important index before the Foehn
OCCUIrrences.

3)The gradual increase of air temperature and decrease of relative humidity probably dueto the
sustained good wesather. Theeffect of sunradiation heating might multiply dueto the good weather, mak-
ing the heating more and more obviousday by day. Asnarrated above, thiskind of weather was possible
because Taiwan was in the warm area before the fronts, and the subtropical high might influence the
weather greatly. Besides, variations of various meteorol ogical factorsare more apparent in sunny days,
especial whenthereisfoehn.

4)Wind is stronger near the frontal zone. Since the fronts were moving southward, the southwest
wind in the warm area eventually became strong enough to cross over the Central Mountain Range.
Undoubtedly, wind speed in Kaohsiung shot up the earliest; but why diditincreasein Lutao later thanin
Lanyu if Lutao was nearer to Kaohsiung? It is because the air encountered the mountain on itsway to
Lutao and wasdelayed. Thisisanother proof of airflow’scrossing over the Centra Mountain Range.

5)Sincetherewasnortheast wind behind thefronts, asudden change of wind direction wasobserved
when thefront passed Taiwan.

6) There was little or no rain on some stations over the west slope of Central Mountain Range.
According to thetopographic map, these stationsare situated next to the mountain or over the Southwest
Plain, where precipitation near theridge wasrather inaccessible. But this does not mean that water vapor
did not condensed when crossing over themountain.

Concl usi on

1) The 13 Foehn casesfound in Taitung County from 1994 to 1998 were classified with synoptic
weather patternsinto two types: (1) Typhoon Type: there were typhoons moving northward off the East
Coast when Foehn occurred; (2) Front Type: there was a stationery front or acold front around East
China Seawhen Foehn occurred.

2)When the Typhoon Type Foehn happened, the centers of these typhoons all passed through a
sguare arearanged from 120°E to 124°E, 25°N to 28°N. Thelowest air pressures of typhoon centers
were between 940-970 hPaduring Foehn occurrencesand the storm radii of 30kt (15 m/s) wered | about
300 km. Foehn usually occurred on the edge of atyphoon.




3)Front Type Foehn cases occurred from early spring to early summer (February to June). During
thisperiod, atransition phase occurs between the northeast and southwest monsoon and afront tendsto
form between amigratory highinthenorth andthesubtropica highinthesouth. Tawanwasinthewarmer
areaandtherewassouthwest windblowing beforethefrontsarrived. Sincethefrontsweremoving southward,
the southwest wind inthewarmer areaeventually became strong enough to crossover the Central Moun-
tain Range and induced Foehn.

4)Wind direction became stablein south to west-southwest beforethe occurrenceswhilewind speed
roserapidly. Asan important index to predict foehn, the air pressure kept decreasing within two days
beforethe occurrences (Typhoon Type) or fell gradually in daily variation (Front Type). Theair tempera-
ture and the relative humidity changed obvioudy only during the occurrences. No traceable model for
inductionwasavailable.
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Fig. 8 Time series of surface relative humidity in Taitung (orange line) and Kaohsiung (blue line) from

March 2 to 5, 1998
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Fig. 9 Time series of surface wind speed in Lanyu (purple line), Lutao (green line) and Kaohsiung (blue
line) from March 2 to 5, 1998
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Fig. 10 Time series of precipitation in Weiliao from March 2 to 5, 1998




