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Analysis on the Change in the Pan Evaporation Rate in the Coastal Zone
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Abstract : A long-term change in the evaporation rate have an influence on the hydrologic processes at the
interface between the land surface-air and crop yield. Several previous studies have reported declines in pan
evaporation rate, while actual evaporation rate is expected to increase due to anthropogenic global change in the
future. The decreasing trend of pan evaporation rate might be involved with global warming and accordingly the
trend of annual pan evaporation rate also needs to be checked here in Korea. In this study, 14 points of pan
evaporation observation are intensively studied to investigate the trend of pan evaporation for the time period of
1970-2000. Annual pan evaporation is decreasing at the rate of 1.6mm/yr, which corresponds to approximately
50mm for 30 years. Annual pan evaporation rate is larger by ~10% at the coastal area and decreasing rate is
faster as -2.46 mm/yr per year, while that is -0.82 mm/yr per year at the in-land area. The results of the Mann-
Kendall trend test shows 4 points are decreasing and 10 points are unchanged with 95% confidence interval. But
national annual average values show the decreasing trend of pan evaporation rate as a whole, which corresponds
to general trend all over the world. This study will contribute to a variety of studies on water resources, hydrology,
agricultural engineering, meteorology, and coastal engineering in association with future global climate change.

Keywords : Evaporation rate, Pan Evaporation rate, Mann-Kendall trend test, Climate change
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Table 1. Trends in pan evaporation and their interpretation of trend for actual evpotranspiration (Peterson and Golubev, 1995)

Region Period Trend in pan evaporation (%/10 yrs) Interpretation of trend for actual evaporation
ZAJoREH- 1951-1990 -5.8 A ~3-4%/10%1
S 1951-1987 -8.9 =7t ~4-6%/10
AlHglo} HeIA| ) 1951-1988 -3.0 A ~2%/10:
Ao} =9 1951-1988 -1.8 =7}
ZoJolao) z Ajak 1952-1989 0.2 ]
ElfETas U= 1957-1998 0.8 Ik
v 1957-1998 0.8 P o
2z A 1957-1998 2.1 2ZRlIqke
BIE=I SR 1957-1998 3.4 7t ~1-2 %/10:d
|25 o ¢ 1957-1998 -1.6 =7F ~0.8%/10:1
EIEPS RS 1961-1998 3.0 =7}
RS Ry Tz 1957-1998 -2.1 =7F~1%/10d
Table 1914 Xa= ZIAT 71508}l wheh Aalseala = A ] SR ool A Ao
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ARzl Al &g A 0% olsliay] ofER Al TIAFII. Zoh= FAE Holu Ard sl b ddE
1990t ZHko]| A)7)%8) o]2|8t oo W2 1}8kx}50] 3 Hol&= XE Qlui(Tebaraki et al., 2005).
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Table 2. The station No. and location of meteorological observation
Station No. Location Station No. Location Station No. Location Station No. Location
090 & x 133 o A 185 a1 Ak 248 2 4=
095 A 9 135 =9 189 A 73R 256 2=
098 =5 A 136 ol & 192 z F 261 3l
099 Ak 137 Ay 3 201 7} 3 262 iz
100 o] % 138 3 38 202 oF 3 265 A AR
101 = 140 oAb 203 o]l 271 )
102 = 143 o] 211 Ql A 272 o =
105 7y = 146 AT 212 el 273 £
106 = 3 152 2 Ak 216 B W 277 gy
108 A & 155 ul Ak 221 A 278 o A
112 o] A 156 pu s 226 ARRECR 279 ot 1)
114 4 F 159 L 232 ] o 281 o =
115 ol 162 = 9 235 R 284 7 =
119 Eepl 165 R 236 oo 285 R
121 o 9 168 o] 4= 238 = Ak 288 7] ok
127 =T 169 S Ak 243 Hoo} 289 A A
129 A Ak 170 QF = 244 ol A 294 A A
130 < 7 175 FAn= 245 A 2 295 3
131 o F 184 A T 247 39 260 =z &5

Table 3. No. of missing data for each station for the study period

T _Ae 4 A% oA fer AW Ae HE oF Ax AAE W A%
A= 0 78 1461 1 52 3 2192 0 0 3 12 27 9 3

SepR A 14 ARelN FEo B3y I3k A
=285 wEsle] 197049514 20005 714 3
g5 83 thwwwkma.go.kr). ©] 7|7+ S0l AS5A5
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A= o] Qlof(§FA 1FBlale] M AlAIZ o= g Wo] 8
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Table 4. The characteristics of station and annual evaporation rate

A

Station Latitude Longitude Altitude  Annual Evaporation Rate Annual Evaporation Change Remarks
(°E) (N) (m) (mm/yr) ([mm/yr]/yr)
=4 127.74 37.90 77.7 1059 26 Ul Hit
e 126.97 37.57 86.2 1093 09 | Zubaek
=91 126.99 37.27 34.8 1103 -19 1,085(mm/yr)
S 127.44 36.64 592 1075 429 298l
oA 127.37 36.67 69.4 1095 -1.6 -0.82([mm/yr]/yr)
2= 13090 37.48 219.9 1094 32
SE 126.63 37.47 70.3 1176 5.1
A 128.89 37.75 26.5 1228 48 SobAHy B
ik 126.38 34.81 39.0 1168 72 | Zubaker
SES 127.74 34.74 67.3 1346 +3.7 1,200(mm/yr)
B 126.53 33.5 22.6 1253 -1.8 2. A3}
AFE 12657 33.25 52.4 1230 3.1 -2 A7(Imm/yr)/yr)
B} 129.03 35.10 69.9 1186 3.1
P 127.12 35.20 22.6 1121 24
1600 o5 2ol -EAIFE et
1400
F—
- 1200 === Y - %)
= 1000 Sc 8y
£ a0 nm
[=1}
w600 AN %, §. s, s, . miS WEAS] B, dek
400 1%;1ﬂﬂ'4qﬂ%4‘ufﬂl-ﬂLﬂﬁulﬁiﬁ
20 A, YEAe) 2we] =27), siekke] ke 97)2
0 o =0 100 150 200 250 yehl™, 212} 1085 mm, 1200 mm, 96.24 mm, 116.59 mm.
Alitude (m) 15570, 2770 Fo1XITt. 99%2] 2] el W5~

Fig. 1. The pan evaporation rate versus altitude.
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= MR HE Ze
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e FAIE HolF

Fig. 2~4= Z}7} 742, Q17], B3 A o) tjgt izt
2 #3512 3 ojZ&r) Table 49} Fig. 2~4¢4
QIF, B = gisslgko] A|7ho| whe} S=23k

B0l A, Q1A
T Ao owA 71e717)F 247} -4.8, 5.1,

-7.20]t},

1600
1400

3.7,29, 24 mm/yr¥ F7FshR= A3 HolFglor v
2] R 7hadh= Ao 7 Vel A asaalEke] gk
& WEA | niste] siEAEIA 10% 71 2 ahs B
ol AR YElskon, Fikiteke] A sl USR]
A7 -0.82 mm/yrell HSke] SR Hol|A] ATF -2.46 mm/yrE.
AR w2 Pashs A4S Btk 2- B8 tHAEE F
M| FE IFOR o]Foi HH e Hits wludd o
Zgtslo] 713 gl ARgE= WHH (Maidment, 1993)0. 24
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Fig. 2. The pan evaporation rate change in Gang-Reung.
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Fig. 3. The pan evaporation rate change in In-cheon.
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Fig. 4. The pan evaporation rate change in Mokpo.
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Fig. 5. The national average of pan evaporation rate(Average
of 14 points) change.
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oAM= 71 L7717} -1.62.% LFERTE

12} AR SR = MSUEe] SHFAS 15|
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3171 $J51eq o] A tol|A{+= Mann-Kendall Trend Test(®]3}

fr

2

Wk e

T

A 249

MK HI~Ezg} 3t} )(Kendall, 1938; Hirsh et al, 1982; Hirsh
and slack, 1984; Helsel and Hirsch, 1992)Z 21| &} th.
MKEIAEE W3} A 245 2lsiA 71 ol o] gsk=
71O ANAA 79, 3Fd 7%, o] WE FAIE Tkt
sh=tl] Yg] o]-¢¥rHHamed and Rao, 1998). MKEH| A~ E=
W3} Z=Aol| Wl w4 -1, 0, 1©]: 72, 44, Z7hel 25
Fhownt sFrlste R o dgk(outliene] AL s el
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A+ g 71311 197010l A 20000714 el A 3l
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n-1j=n
S=3¥ ¥ sign(P,—-F) 3)
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sign (P-P)= 40 ifP;= P, “
-1 if P,<P,
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n(n—1)(2n+5)

Var(S) = 13 5)
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A A9 1xF FAAC SJsiAE e TR
+2.9y2 HojFa1 9l o MKE|AE M= v]u|sHA 74
AlE HojFtt o3 HF X9 e] Az oA o)dA]8] P&




250

Table 5. The Result of Mann-Kendall Trend Test(+}

i” TC 1= “57]_73'\—_- ‘ﬁ_ /\% 95%, oﬂ}\i‘q 7]-i

L= %7}% 9] 1 o}wi “D] el i et

o 011*14 SAE gt
Station S (3]3) Var(S) (415) 7 (2)6) Annual Evaporation Rate (mm/yr) Variation
3 89 3461 1.50 1059 uju) sk 7+
A& 67 3461 112 1093 |u)gk 7k
T4 95 3461 1.60 1103 uju)sk 7+
= 35 3461 0.58 1075 ulu) sk 7+
oA 47 3461 0.78 1095 uju)sk 7+
Ea 101 3461 1.70 1094 uln) gk 7k
Q1 161 3461 2.72 1176 Fa
A 173 3461 2.92 1228 o
=53 159 3461 2.69 1168 FAvA
o] -61 3461 -1.02 1346 uu)sk =7}
Al 43 3461 0.71 1253 ulu)sl Zha
X3 113 3461 1.90 1230 ulu)sl Zh
Ak 119 3461 2.01 1186 o
2 -65 3461 -1.09 1121 uu)g =7}
Hit ik 103 3461 1.73 1121 uju) sk 7+
o= 12} AT} MKEIAES] Avprt M2 v A vehdt %Ath. Mann-Kendall trend test 2 7= 95% 215 diel
A0w RS ANA AY P 2 AP vAAE A 4l APo] T BT 10 A WakA i
e Ao ket Y] Ao Ak Al & Ao yepstth ey d A ool thgt gk AT
Aol |5t Ao} 2 Aol % wolx| = Zow UEhddth  AlE Mol 20w vedt). o] Aol Rels A
sJatel M ol oizl Taket 7] AT} QX et
5. H4E2H Y = HFLRo] Aol 19704 o] ol ashs FAE K
o)t Zow ter
29| 717 ol v AAl SERke] S 71t = o] Ay ¢kow eyt 7| ste] i thefet &
251 ofe] QT Aahs A Al AH WUl 7 Qo] 37 m} SRR, 359 8 71 s
28k FAIE BTk, seluetell ofeldt ddds & ol 71of8t Zlow 7|djgit). BEgE o] o} FAlof ofe] 7]
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28 1170 ASE HER BEL (10 mm

EEIRREEE co [ 3% [on [ o [ 52 [ o [ Ar [anx] 25

i
1|.10
olrﬂ

1970 | 10467 | 12882 | 10592 | 12051 | 9870 | 11479 | 10313 | 10477 | 11335 | 12963 | 13692 | 12328 | 11627 | 10863

1971 | 10587 | 13755 | 11133 | 12132 | 11919 | 11194 | 10442 | 10319 | 12880 | 13989 | 14848 | 14139 | 13105 | 11945

1972 | 10790 | 13914 | 11287 | 12164 | 11345 | 12019 | 10036 | 10643 | 11928 | 12789 | 13174 | 14578 | 10616 | 11028

1973 | 11054 | 13879 | 11290 | 12789 | 12089 | 12614 | 11194 | 11736 | 13204 | 14809 | 14210 | 12690 | 12969 | 12225

1974 | 10139 | 12438 | 10871 | 12863 | 11558 | 11999 | 10120 | 10341 | 11914 | 13059 | 12914 | 11069 | 13537 | 10548

1975 | 10121 | 11469 | 11633 | 11849 | 10996 | 12644 | 10576 | 10841 | 11965 | 13282 | 13425 | 11446 | 13222 | 10506

1976 | 11053 | 13004 | 10908 | 11776 | 11033 | 11106 | 10501 | 11384 | 11882 | 11422 | 12420 | 10946 | 12563 | 9916

1977 | 11990 | 12481 | 12102 | 12360 | 12040 | 11132 | 11633 | 11779 | 12223 | 11841 | 13441 | 12351 | 12466 | 10743

1978 | 11201 | 12647 | 11301 | 12273 | 12504 | 9485 | 11105 | 12497 | 13222 | 12856 | 14168 | 14755 | 13828 | 11543

1979 | 10758 | 12792 | 10935 | 11895 | 10788 | 10840 | 10122 | 11824 | 11976 | 11733 | 13130 | 13246 | 12791 | 10466

1980 | 10913 | 12499 | 10450 | 11465 | 10126 | 10681 | 9354 | 10856 | 11065 | 10448 | 11570 | 11814 | 12285 | 9323

1981 | 10785 12416 | 10175| 11608 | 11283 | 10808 | 9859 | 11467 | 12775 | 11450 | 12747 | 13354 | 13284 | 11802

1982 | 11573 | 13052 | 12086 | 12500 | 12520 | 11360 | 11732 | 12294 | 12365 | 11869 | 13021 | 12914 | 13018 | 11663

1983 | 10653 | 11881 | 10565 | 12048 | 12093 | 10422 | 10865 | 11189 | 11643 | 10913 | 12497 | 12512 | 11643 | 11372

1984 | 10841 | 11493 | 10887 | 11616 | 10960 | 10654 | 10631 | 10936 | 12440 | 11445 | 12854 | 12497 | 12577 | 11625

1985 | 10334 | 11689 | 9644 | 11450 | 10288 | 10445 | 10248 | 10379 | 11420 | 10769 | 11944 | 12241 | 11842 | 10271

1986 | 9773 | 10959 | 10018 | 11593 | 10267 | 10485 | 9991 | 10839 | 12405 | 10769 | 12732 | 12371 | 12217 | 10804

1987 | 11634 | 12407 | 10196 | 11639 | 11224 | 10473 | 10833 | 10012 | 11369 | 10204 | 11876 | 11884 | 11374 | 10772

1988 | 11744 | 11786 | 11434 | 13269 | 10097 | 11374 | 11731 | 11378 | 12161 | 11546 | 13523 | 12438 | 13954 | 11310

1989 | 11191 | 11478 | 10661 | 12820 | 10239 | 10882 | 11085 | 10824 | 11044 | 10890 | 13098 | 12048 | 11715 | 10903

1990 | 8752 | 10834 | 8805 | 10428 | 10566 | 9566 | 10064 | 9396 | 11606 | 10605 | 13356 | 13201 | 11840 | 11162

1991 | 10674 | 11879 12580 | 9557 | 10444 0 0828 | 10636 | 10482 | 12662 | 11446 | 11104 | 10939

1992 | 9262 | 11792 11218 | 9157 | 10458 10678 | 11498 | 11032 | 14173 | 12747 | 12431 | 11893

ol of ©

1993 | 9505 | 11632 10283 | 8887 | 10331 9684 | 10199 | 9870 | 12700 | 12108 | 10997 | 11100

0

0
1994 | 11238 | 14271 0 12415 11019 | 11720 0 11952 | 12959 | 12209 | 15650 | 13910 | 13287 | 14059
1995 | 9991 | 12925 | 11481 | 12314 | 11049 | 10234 0 12044 | 11447 | 11007 | 15622 | 12555 | 12400 | 12237

1996 | 10043 | 12322 | 11392 | 11270 | 10256 | 9622 0 11498 | 11784 | 10741 | 13982 | 12530 | 11684 | 12058

1997 | 10296 | 12658 | 11749 | 11820 | 12411 | 12225 | 11982 | 12143 | 11981 | 11870 | 14994 | 12730 | 12107 | 11826

1998 | 10056 | 10569 | 10839 | 10793 | 10932 | 10982 | 10907 | 9984 | 11166 | 11637 | 13463 | 11813 | 10922 | 10823

1999 | 10536 | 11405 | 11662 | 9596 | 11345 | 12273 | 12009 | 10603 | 11756 | 12177 | 13969 | 11412 | 10404 | 10659

2000 | 10309 | 11550 | 11002 | 9728 | 10680 | 12016 | 11391 | 9634 | 11431 | 11537 | 15515 | 12489 | 13463 | 11000




