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Abstract : The use of climatic information is essential in the industrial society. More specialized
weather services are required to perform better industrial activities including agriculture. Especially, crop
models require daily weather data of crop growing area or cropping zones, where routine weather
observations are rare. Estimates of the spatial distribution of daily climates might complement the low
density of standard weather observation stations.

This study was conducted to estimate the spatial distribution of daily minimum and maximum
temperatures in Korean Peninsula. A topoclimatological technique was first applied to produce
reasonable estimates of monthly climatic normals based on lkm x 1km grid cell over study area.
Harmonic analysis method was then adopted to convert the monthly climatic normals into daily climatic
normals. The daily temperatures for each grid cell were derived from a spatial interpolation procedure
based on inverse-distarnice weighting of the observed deviation from the climatic normals at the nearest 4
standard weather stations. Data collected from more than 300 automatic weather systems were then
used to validate the final estimates on several dates in 1997. Final step to confirm accuracy of the
estimated temperature fields was comparing the distribution pattern with the brightness temperature fields
derived from NOAA/AVHRR.

Results show that differences between the estimated and the observed temperatures at 20 randomly
selected automatic weather systems{AWS) range from -3.0°C to +2.5°C in daily maximum, and from
-1.8°C to +2.2°C in daily minimum temperature. The estimation errors, RMSE, calculated from the data
collected at about 300 AWS range from 1.5°C to 2.5°C for daily maximum/minimum temperatures.

Key Words : topoclimatological technique, daily maximum,/minimum temperature, inverse distance
weighting
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Table 1. Monthly regression equations of maximum/minimum temperature by topoclimatological relationships.

Month Monthly Regression Equations of Maximum Temperature R2
January Tmax 1 =10.3316-0.008 1 *ELEV-0.0187*CODI-0.0529*OPNP1 | 0.71
February Tmax 2 =11.9416-0.0086*ELEV-0.0521*OPNP1 1-0.0058*CODI 0.71
March Tmax 3 =16.1665-0.0076*ELEV-0.0443*OPNP1 1 0.67
April Tmax 4 =17.8189-0.0057*ELEV+0.0472*LDR4 0.80
May Tmax 5 =21.6286-0.0054*ELEV+0.0544*LDR5-0.0319*OPNP1 1 0.86
June Tmax 6 =224424-0.0060*ELEV+0.0675*LDR5-0.0200*OPEP12 0.73
July Tamx 7 =27.6326-0.0063*ELEV+0.0511*LDR3-0.0307*OPNP11 0.79
August Tmax 8 =30.5850-0.0078*ELEV+0.0418*LDR3-0.0419*OPNP1 1 0.78
September Tmax 9 =29.7881-0.0038*ELEV-0.0864*OPNM15-0.0392*OPNP11 0.74
October Tmax10 =26.2322-0.0078*ELEV-0.0519*OPNP11 0.76
November Tmax11 = 19.3978-0.0030*ELEV-0.0126*CODI-0.0527*OPNP1 1 0.70
December Tamx12 = 13.1341-0.0101*ELEV-0.0579*OPNP1 | 0.68

Month Monthly Regression Equations of Maximum Temperature R2
January Tmin | =1.8797-0.0103*ELEV-0.0800*LDR35 0.66
February Tmin 2 =9.6402-0.0126*AVALS-0.0527*L.LDR5-0.0569*0PNP1 1-0.0260*OPWP13 0.82
March Tmin 3 =4.7387-0.0074*ELEV-0.0399*LDR35-0.0120*CODI 0.79
April Tmin 4 =15.6395-0.0085*AVALS-0.0365*LDR5-0.0567*OPNP1 | 0.85
May Tmin 5 =16.0119-0.0089*AVAL5-0.0226*LDR5-0.0361*OPP15+0.0146*OPSP15 0.82
June Tmin 6 =20.0629-0.0077*ELEV-0.0356*OPNP11+0.0108*OPWMO5 0.89
July Tmin 7 =24.9643-0.0072*ELEV-0.0385*OPNP11+0.0105*OPWMO05 0.90
August Tmin 8 =27.6238-0.0087*AVALS5-0.0568*OPNP11+0.0051*OPWMOS5 0.88
September Tmin 9 =25.6709-0.0100*AVAL5-0.0317*LDR5-0.0634*OPNP11 0.86
October Tmin 10 = 16.6362-0.0108*AVALS5-0.067 1 *LDR5-0.0108*OPNP15 0.80
November Tmin 11 =9.5503-0.0094*AVALS-0.0700¥*LDR5 0.85
December J Tmin 12 =4.0516-0.0101 *AVALS5-0.0717*LDRS 0.82

*Independelnt variables used in regression equations :

ELEV:  Elevation of a grid cell (m).

CODI : Linear distance to the nearest coast from a grid cell (km).

AVALS: Average elevation of the 11x11 grid cells with the base cell at the center.

LDR3, LDR4, LDRS5 : Ratio of the grid cells falling on land (above 0 elevation) to the total cells of (2R+1) square grid; R is 3, 4,
and 5 cell radius.

OPXPHR : Ratio of the X-directional (2R+1)cells whose elevations are not higher than the center cell by h x 100m; X is N(north),
S(south), E(east) and W(west), respectively.

OPXMHR : Ratio of the X-directional (2R+1) cells whose elevations are lower than the center cell by h x 100 m.

OPPI5: Ratio of 2R+1)* 1 cells constituting (2R+1) grids on one side except the center cell, whose elevations are not higher
than the center cell by 100m. In this case, R is 5 so total 120 cells except the center one are used for calculation
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Table 2. Minimum temperature estimates of September 8 for randomly selected 10 grid cells.

Coordinates Variables*

Ai('O) Ti (°C) Ri (Km) A0 | DO | TO
Al A2 A3 A4 | T T2 T3 T4|RL R R R4 | (CO|CO]|CO
134 | 122 | 184 179 189 178 | 183 170 146 155 | 30 160 232 306 | 161 -07 | 154
3701121177 176 181 180 | 153 194 185 168 | 30 127 175 210 [ 186 -13 | 173
26| 36| 174 172 183 139 | 182 196 207 142 | 179 247 250 271 | 187 | 14 | 201
14 82| 17.7 183 169 177 [ 163 207 163 180 | 86 237 260 282 | 180 -03 | 177
73] 34| 168 139 183 168 | 158 142 166 147 | 108 200 283 300 | 149 | -1.0 | 139
25 45| 174 183 172 177 | 182 207 196 180 | 99 160 184 278 | 184 | 15| 199
20| 115 | 176 180 177 177 | 194 168 153 163 | 100 179 180 260 | 190 | -03 | 196
57 50| 168 168 139 172 | 147 158 142 196 | 114 134 165 193 | 169 | 04 | 165
141 | 176 | 199 179 207 178 | 199 170 204 155 | 383 388 444 468 | 147 | 08 | 139
2156 | 179 173 172 180 | 208 192 166 168 | 130 133 220 257 | 139 | 12| 151

*A;: Calculated minimum temperature of station i on September 8 in normal year.
T;: Observed minimum temperature of station i on September 8 in 1997.
R;: Distance to the station i from grid cell(x, y).
Ag : Calculated minimum temperature of grid cell on September 8 in normal year.
Dyg : Deviation between the normal estimate and the observed minimum temperature of grid cell.

X Y

Tp: Estimated minimum temperature of grid cell on September 8 in 1997.
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Fig. 1. Comparison of normal estimates (left) with topocilmatological estimates (right) for the spatial distribution
of minimum temperature in September 8, 1997.

Z Value, SD

Fig.2. Comparison of standardized topoclimatological estimates (left) with the standardized NOAA remote
sensing data (right) for the spatial distribution of minimum temperature of September 8, 1997.
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Table 3. Results of reliability test based on AWS data for the
estimated daily temperatures.

Date Variables | Number of AWS | RMSE('C)
March 24 Max. Temp. 309 1.9
March 24 Min. Temp. 305 1.8
July 22 Max. Temp. 301 22
July 23 Min. Temp. 300 1.5
September 8 | Max. Temp. 292 2.5
September 8 | Min. Temp. 298 1.7
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Table 4. Reliability test of the estimated maximum and minimum temperature by using 20 AWS data collected in March 24, 1997.

AWS Latitude  Longitude Max. Temp.(C) Min. Temp.(C)
Num. (degree) (degree) Estimates ~ AWS Diff*. Estimates ~ AWS Diff.
505 37.82 127.35 115 12.1 -0.6 -6.7 -84 +1.7
531 37.87 127.55 11.7 13.7 2.0 -1.6 -1.6 +0.0
538 38.15 127.10 12.7 13.2 -0.5 -6.0 -19 +1.9
539 37.90 127.07 I3 12.3 -10 -7.2 -6.1 -1.2
545 37.30 126.80 94 10.2 -0.8 -5.0 -5.0 +0.0
548 37.30 127.62 12.1 144 =23 -6.0 -8.2 +2.2
554 38.22 12843 6.1 57 +0.4 -7.8 -6.7 -1.1
569 37.60 127.13 115 12.1 -0.6 -3.1 -34 +0.3
602 36.85 12745 2.7 124 +0.3 -53 -4.2 -1
614 36.05 126.70 1.5 10.0 +1.5 2.4 -3.8 +1.4
619 36.93 127.68 11.9 12.2 -0.3 <12 -1.0 0.2
623 36.78 127.58 13.2 133 -0.1 -5.3 -54 +0.1
728 3548 126.70 12.7 12.9 0.2 43 -33 -1.0
732 3477 127.08 150 13.0 +2.0 -4.6 5.1 +0.5
741 35.05 126.98 10.8 13.8 -3.0 -5.0 4.2 -0.8
788 35.13 127.00 13.0 12.1 +0.9 -5.0 -3.7 -13
802 3642 128.17 11.5 14.1 -2.6 5.3 -3.5 -1.8
811 35.56 129.11 16.5 14.0 +2.5 -6.9 <13 +0.4
920 35.30 128.40 17.0 17.0 +0.0 -5.0 44 -0.6
916 35.33 129.93 15.3 13.8 +1.5 -4.6 -4.5 -0.1

*Difference between topoclimatological estimates and observations from AWS.
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Table 5. Comparison of topoclimatological estimates for maximum/minimum temperature with NOAA remote sensing data.

Date Classification Topoclimatological Estimates NOAA Remote Sensing Data

Mean SD. Mean SD.
March 24 Max. Temp. 11.7 2.1 14.0 4.2
March 24 Min. Temp. -5.1 32 -5.8 4.7
July 22 Max. Temp. 324 22 257 72
July 23 Min. Temp. 225 1.6 200 52
September 8 Max. Temp. 29.0 31 227 28
September 8 Min. Temp. 154 27 8.0 26
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Table 6. Results of t-test for similarity between topoclimatological estimates and NOAA remote sensing data.

Date Classification D S t
March 24 Max. Temp. 0.0136 1.17 1.60™
March 24 Min. Temp. 0.0097 0.90 14818
July 22 Max. Temp. -0.0036 1.08 046N
July 23 Min. Temp. 00125 130 -1.32M
September 8 Max. Temp. 0.0032 110 0.39NS
September 8 Min. Temp. 0.0035 0.93 051N

NS Non-significant.
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