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ABSTRACT

This study was conducted to develop a method to generate daily maximum and minimum
temperatures using monthly data. We analyzed 30-year daily weather data of the 23
meteorological stations in South Korea and elucidated the parameters for predicting annual
trend (center value (0), amplitude (C), deviation (T)) and daily fluctuation (A, B) of daily
maximum and minimum temperature. We use national average values for C, T, A and B
parameters, but the center value is derived from the annual average data on each stations.
First, daily weather data were generated according to the occurrence of rainfall, then
calibrated using monthly data, and finally, daily maximum and minimum daily temperatures
were generated. With this method, we could generate daily weather data with more than 95%
similar distribution to recorded data for all 23 stations. In addition, this method was able to
generate Growing Degree Day(GDD) similar to the past data, and it could be applied to
areas not subject to survey. This method is useful for generating daily data in case of
having monthly data such as climate change scenarios.

Key words: Weather generation, Daily maximum temperature, Daily minimum temperature,
Growing Degree Days(GDD)
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Table 1. Basic information and annual mean
temperature('C) of selected observation stations of
Korea Meteorological Administration used in this
study

Station  Latitude Longitude Altitude PVl mean

temperature

Name () © (m) <)
Busan 35.10 129.03 69.2 14.7
Cheongju 36.64 127.44 56.4 12.5
Chuncheon 37.90 127.74 76.8 11.1
fi‘g’g““g“' 3622 127.99  240.9 11.7
Daegu 35.89 128.62 57.3 14.1
Iy):‘ffgwa“' 37.69 12876  842.5 6.6
Daejeon 36.37 127.37 62.6 13.0
Gangneung 37.75 128.89 26.1 13.1
Gunsan 35.99 126.71 25.6 12.8
Gwangju 35.17 126.89 74.5 13.8
Incheon 37.48 126.62 69 12.1
Jeju 33.51 126.53 19.9 15.8
Jeonju 35.82 127.15 61 13.3
Jinju 35.21 128.12 21.3 13.1
Mokpo 34.82 126.38 37.4 13.9
Pohang 36.03 129.38 1.3 14.2
Seogwipo  33.25 126.57 50.4 16.6
Seosan 36.77 126.5 25.2 11.9
Seoul 37.57 126.97 85.5 12.5
Sokcho 38.25 128.56 229 12.2
Suwon 37.27 126.99 345 12.0
Tongyeong 34.85 128.44 30.8 14.7
Ulsan 35.56 129.32 34.6 14.1

Ui = U + C*cos(0.0172G — T)), i = 1, ..., 365
)

of uj,

Ui : value of daily mean or standard deviation of
day i1

U : annual mean value of daily mean or standard
deviation

C : amplitude of cosine function

T : positional bias of cosine function in days
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Xi(j) = A*Xi,(j) + B*&()) @)

of uj,

Xi(), Xi1(G) : 2x1 matrix for day i and day i-1

€i(j) : 2x1 matrix of independent random for day i

j @ daily maximum temperature(j=1), daily
minimum temperature(j=2)

A, B : 2x2 matrix defined relationships between

weather variables
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of uj,
po(1,2) : correlation coefficient between variable

I(tmax) and 2(tmin)
m(@G) :lag 1 serial-correlation coefficient for
variable j
p1(1,2) : correlation coefficient between variables
1(tmax) and 2(tmin) with variable 2
lagged 1 day with respect to variable 1
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t(G) = Xi(G)*siG) + mi() @)

of uj,
t(j) : generated daily value of j variable for day I

Xi(G) : 2x1 matrix for day I

si(j) : standard deviation of j variable for day I

mi(j) : mean value of j variable for day i
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Table 2. The values of U, C and T parameters of
cosine function (Ui = U + C*cos(0.0172(i — T)) to
represent annual trend of daily maximum and
minimum temperature in dry and wet regime

Maximum Minimum
Parameters temperature temperature
dry wet dry wet
0 18.6 16.7 8.5 10.0
C 12.6 113 13.2 12.0
T 204.3 207.8 206.7 208.7

Q)
40

35

© o\

—Tmax, dry ——Tmax, wet

1 31 61 91 121 151 181 211 241 271 301 331 361
Julian day

@A)

({9)]
30
5 =—Tmin, dry ==—Tmin, wet

20
15
0 /
5
5 1° 91 121 151 181 211 241 271 301 331 1

-10

Julian day

(B)

Fig. 1. Changes in annual trend of daily maximum
temperature(A) and daily minimum temperature(B) in
dry and wet regime for all stations. Vertical bars mean

of standard deviation on each day.
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U(tmadry) = 0.9505%Y e + 1.5332 ®)
Ultmin,dry) = 1.0415%Y i — 0.7219 9)
U(tmaswet) = 1.0408*Y ey — 1.9805 (10)
Ultmin,wet) = 0.9324*Y i, + 1.7066 (11)
of uf,

U(j.k) : mean value of j(tmax OF tmin) varialbe for
k(dry or wet) days
Yj : annual mean value of j(tmax OF tmin) Variable

olct.
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Table 3. The number of sites in probability ranges resulted from two sample Kolmogorov-Smirnov test between
measured and generated data for 30-yr daily maximum and minimum air temperatures

Probability Daily maximum temperature
range Jn Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
=< 0.01 21 23 23 20 22 21 23 23 22 21 23 23
0.01 <p =< 0.05 1 0 0 0 0 1 0 0 0 0 0 0
0.05 <p = 0.50 1 0 0 2 1 1 0 0 1 2 0 0
0.50 <p =< 0.70 0 0 0 1 0 0 0 0 0 0 0 0
0.70 < p =< 1.00 0 0 0 0 0 0 0 0 0 0 0 0
Probability Daily minimum temperature
range Jn Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
=< 0.01 19 21 16 20 17 20 23 21 20 21 21 19
0.01 <p =< 0.05 2 2 2 2 3 3 0 2 2 2 2 3
0.05 <p =< 0.50 1 0 5 1 3 0 0 0 0 0 0 1
0.50 <p =< 0.70 0 0 0 0 0 0 0 0 1 0 0
0.70 < p =< 1.00 1 0 0 0 0 0 0 0 0 0 0
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Julian Day
Fig. 2. Comparison of annual changes in generated daily maximum temperature(Tmax),
daily minimum temperature(Tmin), daily precipitation(Rain) and 30-year normal of daily
average temperature(Tavg Normal) on Gangneung station.
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025 0.25
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0150 / \ 0.150 \
0.100 ; \ 0.100 \
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0,000 —l—ld . : : X‘-l . 0,000 - : : \;._. ‘
-5 -0 <5 0 5 0 15 20 25 -20 -10 0 10 20
air temperature(°C) air temperature(°C)
© (D)

Fig. 3. Comparison of distribution of 30-year measured and generated data of daily maximum temperature(A)
and daily minimum temperature(B) of January on Gangneung station, and daily maximum temperature(C) and
daily minimum temperature(D) of January on Jeonju station.
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6000

5000
4000 /
3000

2000

1000 -”””

0 g T T T T T T T T T T T

frequency —e—measured

0.250
0.200 A
0.150

0.100 /
0.050
0.000 —IJ/ ; : i

1 51 101 151 201 251 301 351 10 0 10 20 55
Julian Day air temperature(°C)
(A) (A)
GDD(*Cday) ——measured ——generated GDD(°Cday) ——measured ——generated
2500 5000
| — /
2000 4000

1500 //
1000 /
500

0 T T T T T T T T T T T T

3000 /
2000 /
1000 /

0 T T T T T T

1 51 100 151 201 251 301 351 1 ol 1 181 a1 01 361
Julian Day Julian Day
(B)
(B)

Fig. 4. Comparison of 30-year growing degree
days(GDD) in case of 0C base temperature(A) and
10C base temperature on Gangneung station.
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Fig. 5. Distribution of 30-year measured and
generated daily maximum temperature(A) and
changes in growing degree days(GDD) in case of
base temperature 0C on Ulreungdo station.
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