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Effects of Conversion of Paddy Field to Urban Use on the Ground
Meteorological Elements of Nearby Area under Heat Wave

71743 Kim Geonhu™, ¢l4e} In Sora™*, <& Sohn Chul*™*"

Abstract

Agricultural land has been vastly converted to urban land in metropolitan areas in Korea even though it provides
diverse positive functions such as food production, scenic beauty, and temperature control. Without exactly quantifying
the positive functions, we may lose this valuable resource too much beyond socially optimum level. As an effort
to more accurately measure the positive functions, in this study, we analyzed the effects that converting paddy fields
into urban areas had on weather conditions in the southern Gyeonggi Province area using numerical weather simulation
based on Weather Research and Forecasting(WRF). In this simulation, we considered two land use scenarios. The
first land use scenario represents a situation in which paddy fields sustain as it is. The second land use scenario
represents a situation when paddy fields are all urbanized. Through the simulation, the effects of the urbanization of
paddy field area on air temperature and relative humidity during hot summer periods were measured. The results from
our simulation showed that the urbanization is closely related to the worsening thermal discomfort during sunset
to sunrise period especially in the areas where urbanization occurred. This result suggests that paddy fields in metropolitan
areas are valuable resource in the aspect of thermal comfort control and when paddy fields in the metropolitan

areas are considered to be changed to urban use, there must be sufficient considerations on adverse weather effects.

Keywords: Paddy Field, Urbanization, WRF, Ground Meteorological Elements, Heat Wave
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Figure 1_ Change of Land Cover for Land Use Scenario Setting
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Table 1_AWS Location Attributes

Station ID Station name Latitude Longitude Location District Class
358 Hyeondeok-myeon 36.9672 1269214 Public office Myun 1
374 Cheongbuk 37.0467 126.9706 Public office Myun 1
443 Bogae 37.0197 127.2919 Public office Myun 1
447 Bungnae 37.3262 127.6813 Public office Myun 1
462 Moga 37.1691 127.4823 Public office Myun 1
463 Heungcheon 37.3327 127.5412 Public office Myun 1
467 Yangseong 37.0598 127.1945 Public office Myun 1
468 Seoun 36.9431 127.2592 Public office Myun 1
470 Gosam 37.0827 127.2634 Public office Myun 1
495 Hagaejeong 36.9613 127.1887 Public office Myun 1
515 Unpyeong 37.0845 126.7737 School Eup 1
547 Yang-dong 37.4159 127.7549 Public office Myun 1
364 Bundang-gu 37.3828 127.1189 Public office Dong 2
365 Seoksu-dong 37.4089 126.8953 Public office Dong 2
371 Giheung-gu 37.2772 127.1164 Public office Eup 2
430 Gyeonggi 37.2718 127.0118 Public office Dong 2
433 Bucheon 37.4976 126.7666 Public office Dong 2
434 Anyang 37.3916 126.9589 Public office Dong 2
435 Gojan 37.3243 126.8212 Public office Dong 2
437 Gwangmyeong 37.4758 126.8665 Public office Dong 2
438 Gunpo 37.3587 126.9375 Public office Dong 2
546 Gwangju 37.4325 127.2614 Public office Dong 2
572 Seongnam 37.4209 127.1247 Public office Dong 2
590 Gwacheon 37.4404 127.0024 National Science Museum Dong 2

Note: The locations was confirmed through the portal maps.
Source: http://afso.kma.go.kr (accessed May 1, 2018).
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Figure 2 _ WRF Domain, Reclassified Land—Use Categories and AWS Stations Position
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Note: KME land cover data were reclassified into the USGS 24-land use categories. {U1(Urban and Built-Up land), D2(Dryland Cropland
and Pasture), [3(Irrigated Cropland and Pasture), C5(Cropland/Grassland Mosaic), C6(Cropland/Woodland Mosaic), G7(Grassland),
D11(Deciduous Broadleaf Forest), E14(Evergreen Needleleaf Forest), M15(Mixed Forest), W16(Water Bodies), H17(Herbaceous

Wetland), B23(Bare Ground Tundra)}

Figure 3 _Concept of a Data Extraction Grid Range
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Table 3 _ Definition of Variables

Category Definition
PaddyR Ratio of agricultural area in grid area within 1km rectangle
AricR Ratio of agricultural land in the agricultural development region in grid area within 1km rectangle
) Ta_PADDY Average 2m temperature of land use scenariol in grid area within lkm rectangle
Variables Ta_P2U Average 2m temperature of land use scenario2 in grid area within 1km rectangle
RH_PADDY Relative humidity of scenario 1 in grid area within 1km rectangle
RH_P2U Relative humidity of scenario 2 in grid area within 1km rectangle
Class1 More than 75th percentile of paddyr without the class2
AWS Classification
Class2 No paddy fields in grid area within 1km rectangle
Table 4 _Summary Statistics
Category Variable Observation Mean Standard Deviation Min Max
PaddyR 876 47.38 9.31 36.98 69.21
AricR 876 62.58 17.36 20.11 90.27
Ta_PADDY 876 28.94 4.69 20.53 37.05
Class1
Ta_P2U 876 30.25 3.71 22.70 37.22
RH_PADDY 876 64.12 20.10 25.56 96.75
RH_P2U 876 58.76 17.15 26.56 90.78
PaddyR 876 0 0 0 0
AricR 876 0 0 0 0
Ta_PADDY 876 30.12 351 20.89 36.52
Class2
Ta P2U 876 30.20 3.45 21.02 36.50
RH_PADDY 876 61.48 16.73 30.62 98.39
RH_P2U 876 61.66 16.94 30.23 97.17
PaddyR 1,752 23.69 24.60 0 69.21
AricR 1,752 31.29 33.62 0 90.27
Ta_PADDY 1,752 29.53 4.18 20.53 37.05
Total
Ta_P2U 1,752 30.23 3.58 21.02 37.22
RH_PADDY 1,752 62.80 18.54 25.56 98.39
RH_P2U 1,752 60.21 17.11 26.56 97.17
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Figure 4 _Average Temperature Observed on AWS
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Figure 5_ Comparison of 2m Temperature and

Relative Humidity between Scenariol and Scenario2
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Figure 6 _MB and RMSE of the Variables by the Class
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Table 5_Time Series MB and RMSE in Sunrise and Sunset Time Zones

Class1 Class2

Time Zone | KST Temperature('C) Relative Humidity(%) Temperature(C) Relative Humidity(%)
MB RMSE MB RMSE MB RMSE MB RMSE

05 2.55 2.69 -9.58 10.20 0.24 0.33 -0.55 1.36

Sunrise 06 241 2.55 9.37 9.96 0.25 0.33 045 1.51

07 0.62 0.73 -3.24 431 0.20 0.26 042 1.21

18 0.65 117 3.07 5.04 0.05 0.14 -0.24 0.56

Sunset 19 1.05 1.21 -4.57 5.89 0.22 0.58 0.67 3.51

20 3.06 3.27 11.02 12.48 0.18 0.34 -0.06 3.45
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ZAoA 713t F& 7ke] TrAlel| wet AA 7]
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7] 2016; hetps://www.weather.gov/ama/heatindex).
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HI(°F)=—42.379+2.04901523 X T
+10.14333127 < RH— 0.22475541
X TX RH—6.83783 <10 * x T
—5.481717 < 10™ % X RH*+ 1.22874
X107 % X T?x RH+8.5282 <10 *

X TX RH*—1.99%x10" % x T*x RH?

T=Temperature(°F)

RH=Relative Humidity(%) <Al 3>

A AvE] Q1 Ay @20 TwhE HIO| Haf
tigh 2to] H52 Sl 57 A& +
= TR TAA(Two Independent Samples T-test)= 5=
otk A oA 240 58 d(Homogeneity
of Variance)°ll T3t 7|2 7F8-2 Bartlect's TestS -5l
AEsh AF7Hde] 7124 - ool ti-ed 4= 3L
= Welch’s Approximations B9t AAZATE =&}
k. BE Aol W] Apol7t glrk= AT
o]l tigt 712k o= 959% A= e=0.05)°14 A
EEI). o] S B3l +8E A= <Table 6~
10>} gk T HiRt A7 HdE ohEat Aok

H,: mean(PADDY)—mean(P2U) =0

H, : mean(PADDY)—mean(P2U) # 0

o} G739 B4 mE FROAE dass1Ro] 54
2o §O)e=-845, p<0.001)5HA LFERETL Class2
= AUEe o] Aozt gl o= Uepdth
(t=-1.07, p>0.05).

AREE Aol vt AFelde A Gl wiRt
o] 2oli= dE 250 ARIHQROKSTRE] 4=
2]2.9] ARIHO7KST7HA] AR 02 FofRt 5]
A Zol7} AEEIUE dass19] 3¢ Al eE Bt
o] 2lofi= YE 2o ARIHEE U= 290] ARI|
712 ZA] Gt FLsiA ARIHER Fou]gh 2jo]
7} vebt ot EolobA| 10KST9} 11KSTOA E Bt
O] ZJol7} i +)e] Wakom EAfich= 2oz Zlly]
At dass20llA= BE AR SAZ R 7]
nfgt 2ozt EAfokA] ghe A= Ukt

Table 6 _T—test Analysis Results of Total Observations

Category Scenario Mean Std. Dev. t p-value
HI_PADDY 3144 5.02
Total HI_P2U 32,51 3.84 -7.10 0.000"
Difference -1.07 -0.78
Note: HI unit="C, Observation=1,752, *p<().05.
Table 7 _T—test Analysis Results of Total Observations and by the Class
Category Scenario Mean Std. Dev. t p-value
HI_PADDY 30.36 5.66
Class1 HI_P2U 32.30 3.79 -8.45 0.000"
Difference -1.94 -1.49
HI_PADDY 32.52 4.02
Class2 HI_P2U 32.72 3.89 -1.07 0.285
Difference -0.20 0.17
Note: HI unit="C, Observation(Class1=876, Class2=876), “p<<0.05.
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Table 8 _T—test Analysis Results by the Time in Total Observations

KST Scenario Mean | Std. Dev. t p-value KST Scenario Mean | Std. Dev. t p-value
HI_PADDY 28.08 3.15 HI_PADDY 35.99 1.05

00 HI_P2U 30.48 2.20 -5.29 0.000" 12 HI_P2U 35.68 1.04 1.78 0.077
Difference -2.39 -1.50 Difference 0.31 0.66
HI_PADDY 27.31 3.21 HI_PADDY 36.71 1.13

01 HI P2U 29.74 2.26 -5.25 0.000" 13 HI P2U 36.39 1.03 1.80 0.073
Difference -2.43 -1.51 Difference 0.32 0.68
HI_PADDY 26.57 3.29 HI_PADDY 37.20 1.15

02| HLPWU 29.04 231 | -5.23 | 0.000" 14| HIP2U 36.92 1.03 154 | 0.127
Difference -2.48 -1.54 Difference 0.28 0.64
HI_PADDY 25.84 3.31 HI_PADDY 37.38 1.14

03 HI P2U 28.37 2.34 -5.30 0.000" 15 HI P2U 37.18 1.05 1.08 0.284
Difference -2.53 -1.59 Difference 0.20 0.56
HI_PADDY 25.22 3.29 HI_PADDY 37.27 1.20

04 HI_P2U 27.78 2.38 -5.35 0.000" 16 HI_P2U 37.17 1.21 0.54 0.591
Difference -2.56 -1.61 Difference 0.11 0.50
HI_PADDY 24.54 3.27 HI_PADDY 36.83 1.45

05 HI P2U 27.16 2.38 -5.50 0.000" 17 HI P2U 36.89 1.24 -0.31 0.758
Difference -2.62 -1.68 Difference -0.07 0.37
HI_PADDY 24.13 3.21 HI_PADDY 36.14 2.08

06 HI_P2U 26.66 2.38 -5.37 0.000" 18 HI_P2U 36.39 1.38 -0.86 0.389
Difference -2.53 -1.60 Difference -0.25 0.33
HI_PADDY 28.03 1.73 HI_PADDY 35.06 1.72

07 HI P2U 28.72 1.73 =241 0.017" 19 HI P2U 35.58 1.48 -1.94 0.054
Difference -0.69 -0.13 Difference -0.52 0.01
HI_PADDY 30.53 1.54 HI_PADDY 31.33 2.62

08 HI_P2U 30.60 1.57 -0.27 0.791 20 HI_P2U 33.33 1.82 -5.32 0.000"
Difference -0.07 0.44 Difference -2.00 -1.26
HI_PADDY 32.61 1.48 HI_PADDY 30.25 2.84

09 HI P2U 3248 1.48 0.60 0.551 21 HI P2U 32.41 1.87 -5.39 0.000"
Difference 0.13 0.55 Difference -2.16 -1.37
HI_PADDY 33.88 0.95 HI_PADDY 29.46 2.88

10| HIPU 33.63 0.99 156 | 0.121 22| HIPU 31.74 202 | -548 | 0.000"
Difference 0.25 0.57 Difference -2.28 -1.45
HI_PADDY 35.02 0.96 HI_PADDY 28.79 3.01

11 HI P2U 34.76 0.97 1.63 0.106 23 HI P2U 31.20 2.21 -5.50 0.000"
Difference 0.26 0.58 Difference -2.42 -1.55

Note: HI unit="C, Each observation=72, “p<0.05.
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Table 9 _ T—test Analysis Results by the Time in the Class2 Observations

KST Scenario Mean | Std. Dev. t p-value KST Scenario Mean | Std. Dev. t p-value

HI_PADDY 30.33 2.49 HI_PADDY 36.28 0.88

00 HI_P2U 30.71 2.60 -0.63 0.531 12 HI_P2U 36.13 0.97 0.67 0.508
Difference -0.38 0.82 Difference 0.15 0.58
HI_PADDY 29.64 2.66 HI_PADDY 36.97 0.92

01 HI P2U 29.95 2.76 -0.50 0.620 13 HI_P2U 36.82 0.95 0.70 0.487
Difference -0.32 0.96 Difference 0.15 0.59
HI_PADDY 28.96 2.74 HI_PADDY 37.25 0.88

02 HI_P2U 29.23 2.81 -0.41 0.683 14 HI_P2U 37.19 0.94 0.28 0.784
Difference -0.27 1.04 Difference 0.06 0.49
HI_PADDY 28.25 2.73 HI_PADDY 37.22 0.85

03 HI P2U 28.55 2.80 -0.46 0.648 15 HI_P2U 37.19 0.87 0.14 0.890
Difference -0.30 1.00 Difference 0.03 0.43
HI_PADDY 27.56 2.76 HI_PADDY 37.04 0.88

04 HI_P2U 27.96 2.84 -0.61 0.546 16 HI_P2U 37.09 0.96 -0.25 0.806
Difference -0.40 0.92 Difference -0.05 0.38
HI_PADDY 2691 273 HI_PADDY 36.83 1.02

05 HI P2U 27.37 2.82 -0.70 0.483 17 HI_P2U 36.80 1.00 0.12 0.906
Difference -0.46 0.84 Difference 0.03 0.50
HI_PADDY | 26.39 2.76 HI_ PADDY | 3639 1.14

06 HI_P2U 26.89 2.80 -0.76 0.448 18 HI_P2U 36.41 1.11 -0.06 0.951
Difference -0.50 0.81 Difference -0.02 0.51
HI_PADDY 28.71 1.53 HI_PADDY 3541 1.43

07 HI P2U 29.08 1.57 -1.01 0.314 19 HI_P2U 35.65 1.47 -0.72 0.476
Difference -0.37 0.36 Difference -0.24 0.44
HI_PADDY 30.70 1.09 HI_PADDY 33.09 2.13

08 HI_P2U 30.95 1.12 -0.95 0.347 20 HI_P2U 33.37 2.14 -0.55 0.585
Difference -0.25 0.27 Difference -0.28 0.73
HI_PADDY 32.71 1.08 HI_PADDY 32.27 2.17

09 HI P2U 32.80 1.08 -0.41 0.681 21 HI_P2U 32.58 2.21 -0.59 0.555
Difference -0.09 0.35 Difference -0.31 0.72
HI_PADDY 34.00 0.80 HI_PADDY 31.49 2.15

10 HI_P2U 34.04 0.84 -0.19 0.846 22 HI_P2U 31.94 2.29 -0.85 0.397
Difference -0.04 0.35 Difference -0.45 0.60
HI_PADDY 35.19 0.88 HI_PADDY 30.88 2.31

11 HI P2U 35.19 091 -0.03 0.974 23 HI P2U 31.46 2.54 -1.02 0.313
Difference -0.01 0.41 Difference -0.58 0.56

Note: HI unit="C, Each observation=36, “p<0.05.
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Table 10 _T—test Analysis Results by the Time in the Class1 Observations

KST Scenario Mean | Std. Dev. t p-value KST Scenario Mean | Std. Dev. t p-value
HI_PADDY 25.83 1.90 HI_PADDY 35.71 1.15
00 HI_P2U 30.24 1.71 -10.38 0.000" 12 HI_P2U 35.24 0.92 1.95 0.055
Difference -4.41 -3.56 Difference 0.48 0.96
HI_PADDY 24.99 1.66 HI_PADDY 36.45 1.26
01 HI P2U 29.53 1.63 -11.72 0.000" 13 HI P2U 35.95 0.93 1.90 0.062
Difference -4.54 -3.77 Difference 0.50 1.02
HI_PADDY 24.17 1.62 HI_PADDY 37.15 1.37
02 HI_P2U 28.85 1.68 -12.05 0.000" 14 HI_P2U 36.65 1.06 1.73 0.089
Difference -4.69 -3.91 Difference 0.50 1.08
HI_PADDY 2343 1.68 HI_PADDY 37.53 1.36
03 HI P2U 28.19 1.78 -11.69 0.000" 15 HI P2U 37.17 1.22 1.20 0.236
Difference -4.76 -3.95 Difference 0.36 0.97
HI PADDY | 22588 1.77 HI PADDY | 3751 142
04 HI_P2U 27.60 1.84 -11.11 0.000" 16 HI_P2U 37.24 1.42 0.80 0.424
Difference -4.72 -3.88 Difference 0.27 0.94
HI_PADDY 22.17 1.66 HI_PADDY 36.82 1.79
05 HI P2U 26.96 1.87 -11.50 0.000" 17 HI P2U 36.99 1.46 -0.43 0.666
Difference -4.79 -3.96 Difference -0.17 0.60
HI_PADDY 21.88 1.69 HI_PADDY 35.88 2.71
06 | HILPU 26.44 188 | -10.83 | 0.000" 18| HI P2U 36.37 162 | -094 | 0352
Difference -4.56 -3.72 Difference -0.49 0.56
HI_PADDY 27.34 1.65 HI_PADDY 34.71 1.92
07 HI P2U 28.36 1.83 -2.48 0.016" 19 HI P2U 35.51 1.51 -1.95 0.056
Difference -1.02 -0.20 Difference -0.79 0.02
HI_PADDY 30.36 1.89 HI_PADDY 29.57 1.74
08 HI_P2U 30.26 1.87 0.25 0.806 20 HI_P2U 33.29 1.47 -9.80 0.000°
Difference 0.11 0.99 Difference -3.72 -2.97
HI_PADDY 32.50 1.80 HI_PADDY 28.24 1.82
09 HI P2U 32.16 1.74 0.96 0.341 21 HI P2U 32.25 1.48 -10.28 0.000"
Difference 0.35 1.06 Difference -4.02 -3.24
HI_PADDY 33.76 1.07 HI_PADDY 27.44 1.95
10| HIPU 33.22 097 225 | 0028 2 | HLPWU 31.54 173 | -945 | 0.000"
Difference 0.54 1.02 Difference -4.11 -3.24
HI_PADDY 34.85 1.03 HI_PADDY 26.69 1.99
11| HIPU 34.32 0.84 240 | 0.019° 23 | HIP2U 30.94 183 | 944 | 0.000°
Difference 0.53 0.97 Difference -4.25 -3.36
Note: HI unit="C, Each observation=36, “p<0.05.
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