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EXPLANATION

1. Introduction

The Climatic Atlas of Taiwan area was compiled according to the observation data ac-
cumulated for years by individual weather stations in Taiwan area of the Republic of China and
also the weather data reports to the coast of South-eastern coast of mainland China after the
arragement and statistics were made. The first volume and two subvolumes were published in
1990. The first popular edition including two subvol was published in 1991. It contains
more than 2,300 maps for surface distribution of temperature, rainfall, wind and the historical
curves. Now, the data about the surface distribution of the mean sea level pressure, the mean
maximum and minimum temperature, the variation of rainfall, the days of rainfall, and also the
frequency and distribution of the amount sunshine and clouds, the days of absolute maximum
and minimum temperature, the earth temperature, the relative humidity, the mean speed of the
wind, the days of fogs, thunderbolts and snowfall were compiled in the second volume of the
Climatic Atlas. We will explain in the following the basis on which the Climatic Atlas was pro-
duced, the specifications for the background map, the source of data and the method of drawing
to facilitate applications and references.

2. Basis

The contents of this Climatic Atlas were based on the provisions in the“Guideto Clima-
tological Practices” (1) published by the World M logical Organization, and also on the*
Climatic Atlas of Asia” (2) published by the same organization, the * Climatic Atlas of Japan
”(3) by Japan Meteorological Agency, and the  Climatic Atlas of the United States” @WpyUS.
National Oceanic and Atmospheric Administration while other data available in Taiwan and
objective demands were under consideration too.

3. Background map

There are two kinds of background maps for drawing of isolines. One, focusing on the
Taiwan Island is the Taiwan regional map used in topography, distribution of weather stations,
variation of rainfall, days of rainfall, and mean maximum and minimum temperature. The map is
drawn on the topography according to the scale of 1/800,000 of Lambert Conformal Conic
Projection as drawn by the Administration of Mapping, the Headquarters of Combined Service
Force. To meet with editting and type setting, a part of maps were printed in four time reduced
size. The other is a map of the Pacific area to the eastern Asia, used in the distribution of the
mean sea-level pressure and the frequency of the prevailing wind. The map was drawn according
to the enlarged Bonne’s projection topography at the scale of 1/10,000,000 as published by the
Technological Center, the Center Weather Bureau.

4. Data

The data used in the Climatic Atlas were mainly from Taiwan Island. The offshore islands
like Penghu, Tungchi, Penchiayu and Langyu also provided a part of the data exclusive of the
mean sealevel pressure and the frequency of prevailing wind. There are two kinds of data
sources: One is the observation data (5)(6)(7) from 2nd, 3rd and 4th class weather stations
(25 stations) under the Central Weather Bureau, the other are meteorological monthly reports
(8) of the rainfall stations, agrometeorogical stations and climatic stations established by more
than 30 organizations including Taiwan Water Conservency Bureau, Taiwan Sugar Corporation,
Taiwan Power Company, various farmland water conservency associations and related universi-
ties, etc. The records of the former are comparatively complete and more daily observations are
conducted. The weather stations in Taipei, Taichung, Tainan, Hualien and Taitung conducted
observations 24 times daily in earlier days. Since 1977, each of them conducted visual obversa-
tions (or recordings) ten times or eight times daily. For those which have auto- recorded the
temperature and humidity, the mean value still keeps a 24-time average. But the number of
times have been reduced for visual observation of clouds. A part of 4th class weather stations do
not conduct obserevation at 23:00 and 2:00. To make statistics to be uniform, the observation
records of clouds every day between 5:00 and 20:00 for thirty years from 1961 to 1990 were
taken as sample statistics.

The data for rainfall may be divided into monthly rainfall and daily rainfall. They are
applied in the map of rainfall variation and the distribution map of different interval daily
rainfall normal. Since there are too many rainfall stations and differences in times for observa-
tional statistics. Now, based on the records in past thirty years owned by observation stations
under the Central Weather Bureau, we take accumulated rainfall from midnight hour to midnight
hour and accumulate rainfall from nine O’clock to nine O'clock for statistics of the days of
rainfall over 0.5mm. For the difference between the two, the largest difference is for the Alishan
station in all 24 stations. It has a three-day difference in a year. The weather stations in general
have one or two-day difference only. The difference in days of rainfall each month was a day
only. Concerning the data in different periods or years, we take the data of over ten years for
ten-year, 20-year and 30-year normal comparisons, the difference of days for rainfall over 0.5mm
was within five days. When the rainfall was larger, the days for rainfall were fewer and the days
in difference reduced. Thus, the choice of rainfall data was not adjusted on the observation time,
but in annual periods, choice of data from weather stations which have history of more than 10
years was made for statistics. It is because that the climatological data will be affected by the
geographical location the height of the apperatus (equigments), observation time and the dura-
tion of years, the geographical location of the weather stations, the height of the apperatus and
the times of observation from the Central Weather bureau are listed in Table I below:
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TABLE 1  LIST OF STATIONS OF CENTRAL WEATHER BUREAU
- N ASRA BEG | HEBOE | RRHY B Bz |Haia
3| MAER |k B | R & | @LEE | REHE | REZE | mIzE
A nR nR nR DR AR ok %
Sta-| Station North East |Height of | Height of| Height of| Anem. Altitude | Year | No.of
tion Barometer| Therm. |Raingauge| above of Obs.Per
No. Name Latitude |Longitude| above Sea| above above Ground Commen-{ Day
Level M) |Ground M| Ground () M) M cement
695 | # 4w | 25°38' [122° 04’ 104.6 1.2 0.2 /) 101.7 1909 10
Pengchiayu
691 | ¥ % | 25°11' [121° 31" 827.1 1.3 0.3 7.4 825.8 | 1937 8
Anpu
693 (g? %-;% 25° 10" |121° 32' 607.6 1.2 0.2 11.03| 607.1| 1937 8
utzhu
690 | & sk | 25°10" |121° 26’ 23.0 1.1 02| 122 19.0 | 1942 0
Tanshui
694 | & B | 25°08" [121° 44’ 27.7 1.2 0.5 *(5.0) 26.7 | 1903 10
Kfelung i . 34.6 1916
692 | & b | 25°02" [121° 30 6.7 1.1 0.2 23.4 55| 1896 10
Taipei ’ *(33.8) 1986
757 | 24° 48" [120° 58 35.0 1.1 0.2 13.2 34.0 | 1938 10
Hsinchu
708 | E O # | 24°46' [121° 45 8.0 1.3 0.3 14.8 7.2 1935 10
Ilan
706 [ % i | 24°36' [121° 52 25.6 13 0.5| 34.0 24.9 | 1981 10
Suao
749 & 4 | 24°09' [120° 41 85.3 1.4 0.2 17.1 84.0 | 1896 10
Taichung
77| % # | 24° 16" |120° 31’ 26.7 1.2 0.2 33.2 7.2 1976 10
Wuchi
699 | it &% | 23°59' [121° 36’ 19.1 1.3 0.2 10.0 16.1 | 1910 10
Hualien
765 | m A & | 23°53" |120° 54 1007.4 1.3 0.2 8.0 | 1014.8 | 1941 8
Jiyuehtan
735 ¥ M | 23°34" |119° 33’ 11.4 1.4 0.2 14.6 10.7 1896 10
Penghu
753 | T 2 W, | 23°31° |120° 48’ 2415.9 1.4 0.2 15.1 | 2413.4| 1933 8
Alishan
748 | & 23° 30" |120° 25" 27.8 1.8 0.2 14.5 26.9 | 1968 10
Chiayi
755 | £ W | 23°29' |120°57 3845.7 1.2 0.2 9.2 | 3844.8 | 1943 8
Yushan
730 [ & % & | 23°16" [119° 40 45.0 1.5 0.3 8.8 43.0 | 1962 8
Tungchitao
761 3 | 23°06" [121° 22 37.4 1.4 0.2 12.8 33.5 | 1940 8
Chengkung
1| & & | 23°00" |120° 12 14.6 1.5 0.2 16.3 13.8 | 1897 10
Tainan *(38.7) 1983
766 | & 22° 45" [121° 09’ 9.7 1.4 0.2 11.4 9.0 [ 1901 10
Taitung
744 | FH | 22°34' [120° 18’ 3.1 19 0.2 14.0 2.1 | 1931 10
Kaohsiung
754 | k& | 22°21' [120° 54 8.9 1.4 0.2 12.7 8.1 1940 8
Tawu
762 | # w | 22°02' |121° 33’ 325.1 1.5 0.2 12.5 324.0 | 1941 10
Lanyu
759 | & & | 22°000 |120° 44’ 24.1 1.5 0.2 14.3 22.3 | 1896 10
Hengchun
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* The wind speed at the height of anemometer above ground should be adjusted according to the
number which have no parentheses.
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The earth temperature from the depth of 30cm to the surface is observed three times a day
(5:00, 14:00 and 21:00). Observation of the iron pipe temperature in depth of below 50cm is
conducted once a day (9:00). The statistics made are resulted from their combined records. For
those that are involved in the data of exclusive weather stations islandwide, the data between
1956 and 1985 are taken as basis since there are too many of them. When an item of elements of
selected stations reaches a full year, the data between 1961 and 1990 are adopted as basis. As
suggested in the World Meteorological Organization, the periods between 1901 and 1930, 1931
and 1960, and 1961 and 1990 shall be statistic periods to calculate the weather standard normal.
For all items that belong to objective observation with complete data, and when those items are
under the variation of weather elements of weather stations in this Climatic Atlas, the statistics
shall be conducted separately according to the year intervals mentioned above and draw in the
same map to facilitate comparison of the climatological chang for instance, sunshine, speed of
wind and relative humidity, etc. For all items that belong to visual observation, it is because of
the rules of observation and subject to the change in personal subjective sense, normal com-
parison may not be appropriate. We may have the results of statistics for 1961 to 1990 drawn
in the map so as to understand the daily and annual changes of the weather elements such as
clouds, fogs, thunderbolts, etc.
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5. The principle of drawing isolines

Drawing of isolines of various weather elements is different from drawing of contour,
mainly because the latter may rely on careful and actual measurement while the former has fewer
weather stations which are scattered unevenly. It is especially in plain and mountain areas which
are quite different to make drawing much difficult. In speaking of rainfall, a certain number of
weather stations in some plain are too close. As a consequence, the value of observation may be
unevenly distributed resulting from man made factors or from lack of representative for the
location of these stations. It is therefore necessary to treat it with the method of statistics, The
mountain area is a limit to collection of data because of difficulties in the set-up of weather
stations. However, any such data thus collected cannot be given up. Taiwan has complicated
topography caused form the Central Mountain Range. Thus, it is highly difficult to draw a
contour map for various basic weather elements. Not only the temperature drops with elevation
above the mean sea level, the mountain areas with similar elevation show warmer in slopes facing
west and south than that facing the east and north. The rainfall first increases with the elevation
above the mean sea level; and when it reaches some certain elevation, the rainfall becomes less.
It is widely known that the rainfall on windward s'opes is much mote than on leeward ones.
Because of all mentioned above, we have to make careful consideration on the atmospheric
physics, climatology and I logy as a remedy to the shortage of data for observa-
tions. To try to meet the purpose of accuracy, to be reasonable and compatible to actual observa-
tion data, we set forth the principles as below for compilation of this Climate Atlas:

(1) On the basis of the representatives of the location for various weather stations, the relia-
bility of the data, the duration of observation in past years, and deliberation of the priority
of the reliability will be made.

(2) When the statistical records are found with different years and lack of comparison, we will
resort to the theory of statistics as a remedy and make necessary correction.

(3) Before drawing the isolines, we must have conceptional understanding on main Taiwan.
topography, followed by reference to the results of research by the experts and scholars
(10) (11) (12) 50 as to know the possible distribution of these weather elements.

(4) Then to draw draft isolines according to the statistical figures from all weatlier stations,
and use the perspective drawing table and match the topography in Taiwan to show physi-
cal behavior of the atmosphere.

(5) Whenever the statistics of some weather stations are doubtful and cannot be explained
from the point of view of meteorology, it will be necessary to examine the original data
and make further verification and corrections.

(6) In view of different weather over the sea and the land, and also the shortage of reliable

data of observation at sea, all isolines of Taiwan island shall not be extended beyond the

coastline.
(7) The offshore islands in Taiwan Territory have smaller land areas, and most of them have
only one weather station only, no isolines will be drawn.

(8) When the isolines, separated or adjoined, too wide in distance, will be draw for reference
to show more accurate distribution, one more dotted line may be drawn as a middle isoline
for reference.

Whenever few or no weather station can be found, and only reasoning or guess can only
be resorted and, a dash will be drawn for isoline.
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6. Grading the color shade

As suggested by WM.0. for the shades of weather maps, adoption of warm color close to
red will be advisable to indicate the positions of higher temperature, less rainfall and lower
relative humidity. The colors used in this Climatic Atlas include red, orange, yellow and green
with each to be graded according to its shade. Therefore, the color of red, orange, yellow and
light yellow gradually change in light green, green and dark green in a sequence. A total of 20
shades in 20 grades are resulted. Beside two extreme shades represent the part of extreme which
exceeds some figure, the temperature is arranged according to the separation of every 2°C (the
bold lines are used for 0, 10, 20, 30°C). For the variation of rainfall, use of 20% in monthly
maps, 5% in annual map as separation.

7. Contents of maps in volume II, the Climatic Atlas

A.  Topography and distribution of weather stations
(1) Topography of Taiwan
The topographic map of Taiwan covers the Taiwan island of Taiwan, Pehghu, Peng-
chiayu, Langyu and Green Isle. Beside indication of the coastline and contour
(separated by 100, 400, 700, 1000, 1500, 2000, 2500 and 3000 meters of 8 eleva-
tions), the positions of main peaks, rivers, streams and urbans are all marked out and
their names and elevation of peaks are also indicated.

(2) Distribution of climatological stations This Climatic Atlas is based on the map of
topography for Taiwan territory to mark out the weather stations with their contour
for mean maximum and minimum temperature.

Distribution of rainfall stations

This Climatic Atlas is based on the map of topography for Taiwan territory to mark
out the rainfall stations with the contour for variation of rainfall and the days of
rainfall.

@

B.  Distribution of the selected meteorological elements
(1) Distribution of mean air sea level pressure in Taiwan and its adjoining areas, and
choice of prevailing winds in selected weather stations.
The atmosphereic pressure of 21 weather stations along the southeastern coast of
mainland China and that of 25 weather stations in Taiwan territory between 1950
and 1980, and also the frequency of prevailing wind are drawn and marked out on
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the background map of Taiwan and its adjoining areas in reference to the map the
mean surface pressure in eastern Asia. According to January, April, July and Octo-
ber, the frequency of the prevailing wind direction, and streamlines are drawn to
show sufficiently the characteristics of atmospheric circulation in each season and
within this territory.

2

Monthly and annual distributions of mean maximum temperature

Take the mean monthly maximum temperature of 190 weather stations between
1956 and 1985, and draw a map of contour by according to separation of every
2°C to complete 12 maps of monthly isotherm and one map of annual isotherm.
Monthly and annual distribution of mean minimum temperature

Take monthly mean minimum temperature of 190 weather stations between 1956
and 1985, draw a map of isolines by every 2°C to complete 12 maps of monthly
mean isotherm and a map of annual isotherm.

[©

(4) Monthly and Annual distribution of variation of precipitation

Take monthly (annual) rainfall data of 811 stations between 1956 and 1985, use the
percentage of the ratio between mean deviation and mean rainfall to show the
variation of monthly (annual) rainfall of various stations as shown in the formula

below:

| Zmonthly(annual) rainfall - mean value |/ year
X 100%

Variation of rainfall =
Mean value

There are 12 maps of monthly rainfall with isoline to be separated by 10%, and a
‘map of annual rainfall variation with isolines to be separated by 5%.

Normal distribution of mean days of different range of daily precipitation

Take the data of daily rainfall of 783 stations between 1956 and 1985, to conduct
the statistics for its mean value according to days over (and equal to) 1 (10, 25, 50,
100)mm result from 53 maps to show number of days of monthly (annual) rainfall
in different range as described below:

©)

(D For the isolines of number of days with daily rainfall in Imm and over, take 2, 4,
6 and 8 as two day separation, and take 20,40, 60 and 80 as twenty day separation
for the year.

(@ For the isolines of days of daily rainfall in mm or over, take 2, 4, 6, 8 as two day
separation for each month, and for the year, take 10, 20, 30, 40 as ten day separa-
tion.

(3 For the isolines of days of daily rainfall in 25mm or over, take 1,2, 3, 4 etc. as one
day separation each month, and for the year, take 10, 20, 30, 40 as ten day separa-
tion.

(4) For the isolines of days of daily rainfall in SOmm or over, take 1,2, 3,4 etc. as one
day separation each month, and for the year, take 5, 10, 15, 20 etc. as five day
separation.

(5) For days of daily rainfall 100mm and over, and only an annual distribution map is
available, take 2,4, 6; 8 etc. as two day separation.

C.  Monthly variation map of meteorologiccal elements of selected stations

(1) Frequency of different intervals of daily absolute maximum temperature
Take the absolute maximum temperature obtained by daily observation in 24
weather stations under the Central Weather Bureau, calculate statistics for the
number of occurrence according to the interval of every 5°C then calculate the
respective frequency and draw a histogram to show the distribution of accumulated
and relative number of times. The temperature ranges from 35°C to -5°C in ten
grades. The English alphabet A - J are taken as representative as shown in table 2.
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Table 2 Code Table of Temperature Range

R #| A B ¢ D E F G H I J
Code
o o o o < 9 o o o o o 74
EERH | 35074, [30'0~34.9¢] 250~29.9C[20C~24.9C | 15C~19.9C| 100~14.9C| 5C~9.9C] 0'C~4.9°C |-5C~-0.1C| -5.1G7 1
E}f/ME g?? ’fﬁ'*ﬁjﬁ ’?iE ?&Jﬁ B BR X?ﬁ‘ilﬁﬁ bl The vertical coordinate of the map show accumuiated frequency. The horizontal
2 N = coordinate is month. The letters in the map represent the different temperature.
! ?{%lf{-&i‘ HBHES $ AR EAEA /%T*‘Ti he figures below the letters are respective percentage. No letters or figures are given
+ &-&ﬁ.éﬂ fi’ # él Hf%‘] L when the percentage is less than 2% and the readers are requested to study and make
= IRV ] 3 judgement by themselves.
(J‘é.ﬂ'ﬁf&m&%@’}\ BB ﬂ‘ﬁi—? o 4 T (2) Frequency of different intervals of daily absolute minimum temperature
%A 1961~19 90 #’M ‘?%#\i%ﬁﬁ‘& %@&E——‘hﬂ Take the absolute minimum temperature obtained in daily observation by 24
% [ 3 % ¥ bl B4 48 ¥ weather stations under the Central Weather Bureau from 1961 to 1990, statistics is
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Based on the data of earth temperature from nine stations in Taipei, Hualien, Ilan,
Tainan, Kaohsiung, Chiayi, Taichung, Hengchun and Taitung from 1956 to 1985,
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and also on the data of their underground temperature in depth of 5, 10, 20, 30cm
and that of underground iron pipe in depth of 100, 200, 300, 500cm, statistics is
conducted for the map. The vertical coordinates show the depth underground and
the horizontal coordinates indicate respective months. With separation of isolines by
1°C, an isolines map to show earth temperature is thus complete.

Mean relative humidity and vapor pressure

Based on the complete monthly mean relative humidity and vapor pressure value
from the weather stations of the Central Weather Bureau from 1901 to 1990, sta-
tistics is conducted according to the suggestion from WMO of the rule for division
concerning the standard normal year, and draw straight histogram strips and broken
line coordinates in the map. The solid lines represent the mean value from 1961 to
1990. The land broken lines represent the mean value between 1931 to 1960. The
dash lines are for mean value from 1901 to 1930. The left side of vertical coordi-
nates indicates the units of percentage for relative hunidity, while the right side show
the figure of millimeter of vapor pressure. The horizontal Coordinates show res-
pective months, and from it, the long time trend and relation of relative humidity
and vapor pressure can be found.

Mean wind speed and maximum wind velocity
Based on the mean and maximum speed of wind (ten minutes in average) as recorded
by weather stations from 1901 to 1990, statistics is conducted for the mean value
and extreme value in various periods of time which are indicated separately in the
same map by histogram and square line and broken line coordinates. On one hand, it
indicates the change of climate, and on the other hand, it shows the extent of dif-
ference between the strongest wind and the mean wind in various places. The left
side of vertical coordinates in the map is a scale to show how many meters in a
second for mean wind speed, while the right side shows a scale for the velocity of
strongest wind in a second. Both have ten time difference. Observation of wind
velocity is based on mean value in ten minutes. Since the data of wind velocity are
concerned with the altitude of wind meter away from the ground, there is a dif-
ference of more than ten meters as shown in the wind meters used by Taipei and
Tainan stations, thus it will be necessary to make some adjustment to achieve the
uniformity () (*®). The formula used is as below:

Vx = Vh (x/h) 1/7

Vx is wind velocity when the altitude is x meters.

Vh is the wind velocity when theanemometer is at the altitude of

h meters anemometer.

For uniformity, the altitude of recording for some longer period of time is adopted
as basic data. The altitude of the anemometer in weather stations is shown in Table

Sunshine duration and sunshine rate

The map is drawn on basis of the data of monthly statistics from 24 stations of the
Central Weather Bureau from 1961 to 1990. The straight lines represent the number
of hours for sunshine. The unit ~ hour is marked out on the scale to the left side.
The broken lines represent the rate of sunshine. The unit-persentage is shown on
the scale to the right side.

number of hours for sunshine
Sunshine rate = X 100%
number of hours for possible sunshine

Daily variation of probability of sunshine

The daily variation of probability of sunshine is based on the number of hours for
sunshine in various times from 1961 to 1990, and after statistics to eliminate the
units, percentage is used to show the probability of sunshine in these times. The
isolines are drawn in the map to show relative probability. The horizontal coordi-
nates are months. The vertical coordinate are time. The curve shows equal sunshine
probability.

Hours of sunshine
Sunshine probability = —m8 —o+—————— X 100%
Hours for possible sunshine

Global Solar Radiation

For solar radiation of the whole space, the unit of a square centimeter “cal/cm?* js
used. The histogram is drawn according to observation data from 11 weather sta-
tions, which may be compared with the map of sunshine hours for their relation.
Since the sunshine data of weather stations may be affected by the adjoining environ-
ment of the location of the observation instruments (like mountain, craggy terrains
and buildings), environmental factors will be required when use of figures.

Mean clouds amount
The histogram is drawn on the basis of monthly mean value of clouds from $:00

am. till 8:00 pm. from 1961 to 1990. The volume of clouds in different times
within a day is taken to draw a map of distribution of volume of clouds in different
times with isolines. The two maps are then compiled into one.

Accumulated frequency of clear, the sky status

Statistics is conducted according to the clouds in various times then combined to
find out the percentage. We mark zero cloud as a clear day, and mark scattered-
clouds day when the volume of clouds reaches 1 to 6, and the broken-clouds day
when the volume of clouds is 7 to 9, while cloudy day is indicated when the volume
of clouds is 10. The histogram of the accumalated frequency is thus completed; the
vertical coordinates the accumalated frequency; the horizontal coordinates are
months. The figures in the checker are the percentage for sky conditions.

Mean fog days

Though observation of fogs may be traced to earlier days, because of the effect from
subjective sense of the observers, not only are there difference between one station
and another, but also the difference that can be found owing to the data from dif-
ferent years, especially in plain and mountain areas. The distinction of clouds from
fogs in mountain areas can be judged only on whether they are moving and whether
they are touched with the ground. Therefore, this climatic atlas focuses on separate
arrangement of data from the weather stations in mountain areas and plain with
adoption of different percentage - scales for indication. The data are based on the
records from 1961 to 1990.

Mean thunderbolt days

Take the number of days on which the observers in weather stations judged the
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t of thunderbolts (not ily raining) and its average to draw a
histogram. The vertical coordinates are number of days, and the horizontal coordi-
nates are months,

Mean snow days

The snowfall in Taiwan mostly takes place in mountain areas. The Central Weather
Bureau has five stations in Chutzehu, Anpu, Jihyuetan, Alishan and Yushan. Except
the station in Yushan where snowfall can be observed every year, other four stations
may occasionally find the snowfall. Jihyuetan is located in central Taiwan where
there is a lake. It is not high enough in altitude. Snowfall was found once only in
1977. A map to show the number of days for snowfall in Alishan, Yushan and Anpu
is drawn for reference.




