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Evaluation of Urban Effects on Trends of Hydrometeorological Variables
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Abstract

This study aimed to figure out the effect of urbanization on meteorological variables (air temperature, wind speed, relative
humidity, solar radiation and precipitation) and reference evapotranspiration (RET). The research area of 6 urban areas and 6
rural areas near each urban area was selected. The monthly average daily data were collected from 12 ground stations operated
by Korea Meteorological Administration (KMA) and the changes in climate variables were analyzed. Results of annual anal-
ysis have shown that the reference evapotranspiration (RET) tends to increase in urban areas while decreasing in rural areas. In
particular, due to rising RET in urban areas and decreasing RET in rural areas, we can infer that the urbanization has affected to
the RET. Results of monthly analysis showed that the urbanization has effects on the RET of July compared to other months
(January, April and October). The yearly and monthly effects of urbanization on RET were closely related to solar radiation,

relative humidity and change in temperature, and related to wind speed.

Keywords : climate change, reference evapotranspiration, urban effect, natural effect
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Fig. 1 The climatological stations for this study. Shadings

represent topography on the Korean peninsula. Station
numbers indicated in map refer to Table 1

AT A= Omoto and Hamotani(1979, 1980)° <J3fA]
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(U2), HFI(U3), BF5(U4), TITHUS), F2HU6) & =AIAA

Table 1. Geographical and topographical characteristics of 12 study stations

Geographical and topographical classification
mionvoy | L | Lone | e Ot tmiaion| Ui | Proporin o aa it s
™) (E) (m) & 62803’ €ar | (%) (6 year average)
Coastal|Inland | (05) | 10 | 519 5 | O | 20 4060  60~80
area | area 20 40
Seoul (U1) 37°34' | 126°58' | 86.0 O 59.40 O O
Incheon (U2) |37°28'| 126°38' | 68.9 O 52.70 O O
Daejeon (U3) | 36°22' | 127°22' | 68.3 O 20.0 O O
Urban Cheongju (U4) | 36°38' | 127°27' | 57.4 O 13.30 O O
Daegu (U5) 35°53'| 128°37" | 57.6 O 25.60 O O
Busan (U6) 35°06' | 129°02' | 69.2 O 41.0 O O
Yangpyeong (R1)| 37°29' | 127°30' | 47.0 O 1.29 O O
Ganghwa (R2) |37°42'| 126°27' | 457 | O 5.06 O O
Rural Geumsan (R3) | 36°06' | 127°29' | 171.3 O 4.11 O O
Boeun (R4) | 36°29'| 127°44' | 174.1 O 2.88 O O
Hapcheon (R5) | 35°34' | 128°10' | 32.7 O 0.44 O O
Miryang (R6) |35°29' | 128°45' | 12.6 O 1.81 O O
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Table 2. Urbanization rate at 12 study areas

1975 1980
A

1985 1990 1995 2000

B C B C

C B C B C B C

Ul 314 1124 | 358 1446 | 46.1

163.6 | 52.1 173.1 55.1 1845 | 58.8 186.6 | 59.4

U2 193 332 17.2 47.4 24.6

33.0 82.3 42.6 96.4 49.9 101.8 | 52.7

U3 314 32.6 10.4 341 10.9

12.1 58.0 18.5 63.0 20.1 62.6 19.9

Urban
U4 314 14.5 4.6 12.2 3.9 4.7 36.0 11.5 37.5 11.9 41.8 13.3
us 314 17.4 5.5 39.2 12.5 17.4 70.5 22.5 70.6 22.5 80.3 25.6
U6 198 36.5 18.4 53.7 27.1 354 69.4 35.1 74.2 37.5 80.8 40.8
R1 314 1.1 04 1.6 0.5 0.7 2.9 0.9 33 1.1 4.0 1.3
R2 270 7.5 2.8 10.0 3.7 42 12.0 4.4 12.8 4.7 13.6 5.0
R3 314 4.5 14 3.7 1.2 3.0 11.9 3.8 143 4.6 12.8 4.1

Rural

R4 314 3.4 1.1 4.5 1.4

1.9 4.9 1.6 6.8 2.2 9.0 2.9

R5 314 0.1 0.0 0.3 0.1

0.1 0.6 0.2 0.6 0.2 1.3 0.4

R6 314 23 0.7 35 1.1

0.9 33 1.1 2.7 0.9 5.6 1.8

A: Land area (Km?); B: Residential area (Km?); C: Urbanization rate (%) (=B/A)
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Fig. 2 Urbanization rate of 12 study stations (a) Urban
stations (b) Rural stations
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o714, RET = 7|3 3 mm/day), R,= 7183415
dbakekal o] o A|dHmm/day), A,= 71ERAE ) 0]
F7158 3 (mm/day), T,=2m =o]o|A LdHT7]2(°C), u,
=2m FoloA FEmss), Q=T HAKMI/mYday), Q.=
EYd FsEEMI/m?/day), e=¥E3F57](kPa), e,= 2
AE71% (kPa), (es—e,) = 719 E3571 B3 (kPa), A
= 357|949 25349 71E7)(kPalC), y= A A5
(kPa/°C), Qqs=HIREANEE(MI/m?/day), Qu= =ZIHEAL
Z(MI/m*/day), Q.= YAFE] UE-ALEH(MI/m%/day), o= B}
EALIUA O] WA (= 0.23), Qo= B & A7 =2
ke Bl FEALIUA (MI/m*/day), Q.= A7 th7]del =&
Sh= oA EEH (MI/m%/day), Z=3lH.0 2 2E)9] AWkl (m),
o= Stefan-Boltzmann ’§<=(4.903x10° MI/m*/K*¥/day), T*maxx
=24717F B¢F HAPANLE(°C+273.16), Thnink= 2407t
B HAAWLE(OC +273.16). e,= AAF719(kPa). 47]
AN ESE fredxe Ay 9 rEsiibas A
A5 g dixlole] EYE feEEe] SV A
date] U EYSE fFesEmrb vv|ste] AlbeA
A £Jttt.
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2.3 EA|AE "I}

G- ATAEL TSP olHdt TVas Wl wx=
QIS BsHE ATE T vb AoH (Lowry, 1977;
Omoto and Hamotani, 1979, 1980), ¥ 19 A= Omoto
and Hamotani(1979, 1980)ll 2Jaix] 3E TA)3} R
A S A3t

2.3.1 HIEAIE} 7IREe] ApAA dEk A

SAIAY F HEAE A FeA] BA5E Ve 2 V)
Q2% Egs. (9) and (10)2 Zo] Yepd 4= 9lom g}
A, 7IEHE B 7Pd8 A HAE TAIS e EAY
& Eq. (1NEHE 2T 5 ot

V,(UB) = V\(UB)+V(UB) )
Vo(R); = Vi(R) (10)
V (UB) =V (UB)-V(R) (11)

A7\ AL i e A7 A €S YeRaL, UBE EAIA
o, R HIEAIZEAY, Vo(UB)E EAIAHIA #SE 71
S F 7P A, VN(UB)E EAIAGL] A7 ool
o3t 7IES L 2 7PE8 A, Vy(UBYE EAIAYS] TAY
kol e 7IESEt B 7R A, Vo(R)yS HIEASE A
oAl TSH 7IETEN F 7PFeA, VWR) HIEAIE A
HoflA] 2pAA JTol o3t VESHEt B 7Pda et

SIARE TAIAS UBAIA EAIGES 2Hge] fl8le, =
ARG HIZASIAS Ato]o] 2}dZ] @Eke] )7} 11
Flojof gk}, E]al o] Zol& Eq. (12)2HE K4 &
At WA K(UB,R)“E UBSF RoA 7VdAlRS] #B=o]
AR 2719 ASEA9] Batgke] AolH, HH7 Rt av &
A9gEgo] gl 7] BESVRIFE Z2HE 5 ) ujeiA
KUB,R) = TA|Q0] EAISHA] gkom, £ A7llA Bt
717 o= 1088 83Tt
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KU,R)* = V,(UB) -V \(R)" (12)

232 =AI3 G A4

wWebA Egs. (11) and (12)ZHE ZAASS] = F@t
S TS 7SS 9 7Pde A WslE Eq. (13)025EH
A+ Aot

V (UB) =V (UB)~V (R)~k(UB,R)” (13)

(AN

AR B OBIEAISL 2|9e) VESEt B 7Pde ]
ofF T ke ARSI TGRS APk Y- Eq. (14)

o} 2ol yehd & ot

vV (UB) =V, (UBY'-V (RY'—k(UB,R)" (14)

(9]

Vo(UB) = mAIAIS0IA e} TV akel Tiesdiine]
d o)EH T, V(R E HIEAER oM sPFa et
JEZapare] sd olEuwolr). Hek TAX|Ye] xjeiF
Jakoll o3k 71229t 2 sPkas W3l Vy(UB)E Egs.
9) and (1HZFE 7 4= ok Eq. (14004 =A1A]e]
53 o|EHT 7|1EE o] Z/RIGE TE)a HEAE X
o] sd OB J|FEZuMle] PUAUFE TAIX oA
o] NFEZ ] WX mAgEke Zr15han, x191F ek

& sk RS I 5 A
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o FAE BXeant. 8l TAs T 2 99T o
7Vdeast ESI vA= JEe EAEth It
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TF Ao 7 Aoz AAHETE Wild er al
(2005)° &J3hH FHE EAA G Bl FEANARAE F7F
FAE Hola doiar #3xst vl Q. 712] B9 =AA|
Ao} HIEA|ISA|Y BFA FTlsle FAIE Holal 9l
O}, TAIR|Yo] HuH O Z H|EA|E) YRt} H2 7]
< Hola glor, st ISAE & A= YERith ®
g TAlglE 7S SV AE Holal St

59 AF Y AFAFNA BAIFA| o] HIEA]
3} A9} Hlwele] o 2 FE5S BoFal glom, F5e
ke A Holx ot Ul A BAIERE 58
1980 2714 S7M 7= &35 Holopl 1 o] 7haA|
7= &9E Hola Utk whHd UsY ¢ E=Ag=
1980 2714 345 A A Kot} 1 o]%
7R 3 F8AQ] BE Holal UTkFigs. 3 and 4).
A FE A7AaTe)| osha FE0] 4m/sec 03¢l A
T EAASo] HIEAIS A9ET O 2R TS Ko,
0] 4m/sec ©IFIR] AT EAIA| 0] HIEA|S} A|HHTE
O & 355 Hole o= g v glow, fARE A
TAFEo] WEH vl AtHAngell er al, 1971; Wong
and Dirks, 1978; Lee, 1979; Draxler, 1986; Xu et dal.,
2006). =3+ TAISE ZIsgol| wEbA] Hol FE52 AEH
ZEaNE el Aslal, HAFELS AN e=E st
o] Z7Veh= AES HIATH(Klink, 1999).

Fig. 30914 X ule} o] ZA8IAYQ1 Ul9]
Fukakgke TA)Ele] ggko g A7zt X276 29 9
(-0.11 mm/day)ys Eoltp7} A717F Fatelle o] J3F
(+0.28 mm/day)S R TAISlol] mEpA] TEF |
7l Aeks Holil vk AtiEEe Be EAsh
T7RRE 2719 FEE 59 FEH-2.8%) Holal I
71 Rkl o 2 29 93H-9.82%)S Ho|al Utk o
AFFe] 79 =AISPT AR 270 GARl o] JEF
(-1.79 MI/m*/day)& Ho|t}r} ZFuboll= ko] JF+0.51
Ml/m?*/dayys Helil gtk 7|9 A BE A7

NEE

R al

=
_—

AAA EAT 7S STHTIE HH 93

Ao}, 1980 Z7|ole TR 7|71l HlsiA Fako] Zof
B o= vERTh F59 B9 1980 2715 AlQlst
a7 7R ARA F(-)e] RS Holal o, 7]
7t 2719 1980 27 55 TP AP Kol
Dt 1 o]% oA AT RS Holal Ut
o] 7% 1980 d Z7]ol =AY} RS AaAlE &
(9] IS Hole ZS ALfsiar iR 7IkelA &
(He] FFs Holar rt. 53] AF7RE FHH(1980 Rt
o= TAISE Al ol el FES Kol
© AoF YERT

NUAFe] e BE EAISIA| oA FTISAIE Kol
UL, WA HIEA|S} A HeMe= HAFAE Holal St
F71EEEe] A EAA AT V28 AL Be EA|
AGelM F7IFAIE Eolal it HIEAS) AHellM= RI,
R3 18]l R6S A2JgE AHFeA] F715A1E Holal ot
wEha] HHE O 2 oA tiFEe] TAIX|GoA F7}
slar, HIEAIE) A Goxe Hashe W, 371sE e
OFEe] TAIA o= SIS Belal, BIEAls) XY
olx AGEA webr] FTFRAY S FAshke FAII
Ao 2 AL ATHTable 3).

Table 304 Hi Hle} Zo] TAIX|YY] 7 ZE AY
N ol a=0.05014 FEEH 7Esdite] S71she
FAIZ Holal e whde] BIEA|E} x|He] 9 folE
a=0.05914 T 71ESAte] HAshs A5 Hole
Ao F UeRdth TAIRQY 7IEFE S71A9E BIEA]
3} 2|99 T|ESt AFAIR Qlsle] TIES Ak v
Ae EAIGERE F7IskaL Qlom, wide ApdZ ke 7
a3l e AeE el o]#dt d4e TAIX| oA
FiFEe] A, YAl 71l kR QI Vet
o] J7WI 71918P, B8k HITA|E} R ol Ualge] 7hAa
of W 7ESEAte] Aol Ve o= ddtHct
(Figs. 3~5).
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Table 3. Trends of 5 year moving average of yearly and monthly RET, energy term and aerodynamic term of RET (Mann
Kendall test, Z-score)
Month Energy Term Aerodynamic Term RET
Station
(No.) Jan. | Apr. | Jul. | Oct. | Year | Jan. | Apr. | Jul. | Oct. | Year | Jan. | Apr. | Jul. | Oct. | Year
Station Ul | 2.30 | 4.43 | 2.58 | 1.32 | 499 | 1.90 | 293 | 1.87 | 0.84 | 2.72 | 2.66 | 4.01 | 2.79 | 2.22 | 4.59
Station U2 | 4.39 | 5.44 | 2.87 | 491 | 6.07 | 1.69 | -0.13 | -2.42 | -3.69 | -4.22 | 3.01 | 3.69 | 2.00 | -1.08 | 3.91
Station U3 | 4.34 | 4.57 | -023 | 095 | 2.19 | 2.72 | 3.20 | 5.07 | 4.85 | 3.77 | 3.19 | 448 | 2.32 | 3.78 | 5.01
Urban Station U4 | 3.28 | 3.40 | 0.39 | 0.58 | 1.74 | 3.01 | 3.77 | 2.32 | 422 | 3.51 | 3.80 | 536 | 1.32 | 3.83 | 5.62
Station U5 | 3.24 | 5.20 | 1.53 | 047 | 451 | 1.55 | 1.50 | 1.05 | 3.64 | 1.32 | 298 | 3.32 | 1.00 | 4.22 | 2.61
Station U6 | 4.33 | 4.25 | 2.15 | 420 | 3.40 | 0.50 | 1.90 | 2.27 | 1.69 | 3.40 | 2.06 | 448 | 1.90 | 3.06 | 3.14
Station R1 | 4.55 | -0.52 | -4.67 | -1.95 | -4.25 | -2.13 | -0.29 | 1.08 | -2.11 | -1.16 | -0.92 | -0.07 | -4.54 | -3.04 | -4.20
Station R2 | 4.15 | -2.45 | -5.33 | -3.62 | 4.75 | -1.74 | -0.84 | 2.79 | 3.40 | 1.74 | -0.95 | -2.67 | -4.04 | 2.03 | -5.17
Rural Station R3 | 4.36 | 0.87 | -4.54 | -0.07 | -2.74 | -2.98 | 0.58 | -0.36 | -0.87 | -1.00 | -0.95 | 0.63 | -3.40 | -1.16| -3.91
Station R4 | 2.56 | -0.87 | -4.33 | -3.38 | -5.09 | 0.02 | 2.87 | 2.42 | 1.16 | 2.03 | 1.32 | 2.51 | -2.53| -0.89| -2.48
Station RS | -0.47 | -3.04 | -4.14 | -5.17 | -6.23 | 1.18 | 047 | 2.95 | 3.61 | 1.74 | 1.58 | -0.13 | 0.63 | 2.40 | -0.76
Station R6 | 4.17 | 145 | -5.64 | 0.42 | 4.14 | -4.44 | -3.25 | 097 | -3.70 | -3.88 | -3.83 | -2.82 | -3.61 | -2.90 | -5.07

*Numbers in bold indicate significant upward trend (+) or downward trend (—) at the 0.05 level of significance
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