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Study on Temporal and Spatial Changes of the Potential Evapotranspiration
and Its Impact Factors in Loess Plateau of Gansu Province
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(College of Geography and Environment Science , Northwest Normal University , Lanzhou 730070, China)

Abstract ; Based on the daily temperature, precipitation, wind speed, sunshine hours, total solar radiation and
related humidity date of the 12 meteorological stations of Loess Plateau region in Gansu Province from 1960
to 2008, Potential Evapotranspiration (ET,) were estimated by the methods of Penman—Monteith model in
different climate regions and the temporal-spatial variations of ET, were analyzed by using Kriging interpola-
tion. The results indicated that the trends of ET, in semi-arid region of the northern Longzhong and the semi-
humid region of the southern Longzhong are increasing. In four seasons, summer ET, was maximum, au-
tumn and spring ones were the second place, winter ET, was minimum. ET, had the characteristics of re-
markable spatial variations, such as decreasing from north to south, the maximum of ET, was 1 105. 82 mm
in Jingtai, while the minimum of ET, was 772. 31 mm in Minxian. Correlation analysis indicated that ET,
was affected by diverse climatic factors in different climate regions of study area. The ET, of semi-arid region
in the northern Longzhong was mainly affected by total solar radiation and sunshine hours, while the ET, of
semi~humid region of the southern Longzhon was mainly controlled by total solar radiation and the highest
temperature. ETrad was mainly affected by total solar radiation and the highest temperature. The key factor for
influencing the ETaero was the wind speed of all, ETrad > ETaero. In different climatic regions, ETrad change
trends of ET, is increasing, but ETaero are different. The change trends of ET, of semi-arid region in the northern
Longzhong is —0. 631 mm/a, it was 0.415 mm/a for the semi-humid region in the southern Longzhong.

Key words: climate change; potential evapotranspiration(ET,) ; Penman—Monteith model; impact factor; the

Loess Plateau

:2011-05-29 :2011-07-18
: (40961035) ; (0803RJZA094) ;
(1985—), s s . E-mail:zmlczmlc@163. com

(1964—), . s . . . E-mail: fmlpx@nwnu. edu. cn



. 50 a ,
[4-6]
—1.3 mm/a""",
[10-12]

1.1

37°42'N,102°37'—108°46'E,

6~97C,

22~25C, 1
200~500 mm,

o

6~10°C, 7
1 —4~—6C,
mm, 180~220 d-%7,
1.2

12
1 1 2008 12 31

N

o

b

7

[8-9]
’

34°42'—

—6~—10C,

b

20~22°C,

(

500~650

5)1960

71
1.3
1998 FAO P—M
( )ETOEH 18] s
ET,=ETrad+ETaero
_0.408A(R, —G)
ETrad =10 0. 310,)
900 B
BT rozy T+a730 (0
ac A+ y(1+0.340,)
R,=R..—R,
Rm:<1—a>[a+b<1’v—7>]Ru
R, =o[7ﬁ“*’° ;Ti“’ Je—d Je) (e g" -
. ETrad (mm/d) ; ETaero
( )(mm/d); A—
(kPa/C);G— [M]/(m?* « d)](
(m/s) ;e (kPa);e,——
(kPa); o Stefan—Boltzmann [4. 903 X

107°MJ/(K" * m* « d)];R,—

[(MJ/(m* « &) ]; R—— [MJ/(m* « d)];

R,— [M]/(m* « ) ]; T—
(K);R,— sRyv— s Ry—
o P—M ,
, FAO

s, ¢=0.34,d=0.14,e=1.35, f=0. 35

[19] a.b 0.281,0. 441,
FAO o
SPSS N
, ArcGIS  Kriging o
2
2.1
(A), .
(B, N . . . °
FAO P—M 12
1960—2008 s s
49 a ’
0. 85 mm/a(a=
0.05), 0.05 mm/

aC D,



72 19
s , 20 60 2.2
90 . 1992 «C 2,
(835.55 mm), 1960—1992 . PN , o
—2.54 mm/a(a=0.001), 1992 , o
s 4,18 mm/a(a=0.001), , , s
—0.20 mm/a —0.04 mm/a, .

— — , , 0. 16 mm/a 0. 12 mm/a, 1960—
1960—1972 , , 4,22 mm/ala= 1988 , 1988 .
0.01), 1972—1989 ’ 1960—1992 , 1992 o

, — 4, 40mm/a(a=0.01)., 1989 ,
s R 4,72 mm/a(a=0.001), . , o NN
70,80 , 291. 28,384. 88,163. 39,
90 . 76. 95 mm, 31.7%,41. 9%,
0 0
1100 AK =0,0505+925.9 17.8%,8.3% .
QW e I A Siteee. ST O S VPRI Y ' YW 2D , 0.03~0. 45 mm/a, .
900
g
g ’
18 700
£ 1960 1968 1976 1984 1992 2000 2008 1981 (285.94 mm), 1989
ﬁ 1100 & f (238. 08 mm), 1974 (390. 97
#n BX ¥=0.859x+837.4 mm) , 1989  (314.89 mm).
900 e iy
~ m ,
A A AT
700 .
1960 1968 1976 1984 1992 2000 2008
s N
1 1960—2008 267.78,357.42,152.79,80. 30 mm,
31.1%,41.6%,17.8%,9. 3%,
¥=0.167x+287.1 »=-0.202x+399.9
3401 R= CI/{]S AKX /\ L R= 0/1\2/2\/\ AR
e 300b A AAA AN A i VAWN A N\,
E e o N/ = VN v
® 2600 | P m‘%w} V\NL/\/\/\’
ﬁ 220L ?3 300
#3401 1=0.459x4256.3 s y=0.134x+354.0
# 400l R=0.347(a=0.02) BX #4020t R=0.1 BEC
B OTTA A AR AR g AL ﬁ »
26 : u 3
220 - . . . ‘ : 300 . . ‘ - . -
1960 1968 1976 1984 1992 2000 2008 1960 1968 1976 1984 1992 2000 2008
£ iy £ 4y
=0.127x+160.2 3=-0.043x+78.03
200 R=0.139 AX 100 R=0.08
: AAA AR E A A ,\/\
E 160 = v/ g soi) AN Py
£ o AAR T VA e e e
ﬁ 120l f;‘;‘ 60
B 2000~0.219x+147.3 & 100 ¥=0.036x+79.40
b R=0.270(a=0.1) BEK pa R=0.07 BK
¥ 160t LYy AW AW WA ol
® - o
120 60
1960 1968 1976 1984 1992 2000 2008 1960 1968 1976 1984 1992 2000 2008
i fiy i 4y
2 1960—2008
2.3 , ArcGIS  Kriging ,
2.3.1 ( 6—
12 49 a 7). , 49 a ,



73

1
772.31~1105.82 mm, ,
(37°11'N, 1630 m), (34°26' , ,
N, 2 315 m), 80%, . , .
b b b b 3
, [20] s
2.3.2 N N N
( 6—7) , 49 a N 8
’ ’ ( 3) o ) 49 a .
237.55~346. 06 mm N o s
314.69~457. 61 mm, , s
. 142. 31 ~204. 11 . s 0.779,0. 744,
mm., ) ° )
61.58~96. 84 mm, s o > )
s 0.826,0. 817,
o « D,
18%N22%[16]9 ’ ’ N
16.5 y=0.015x+1.469 R=0.817 3000r < 65001
A,,"Be g
O i . =0.249x-521.1 R=0.779
= 15.0 = 2600} S 6000
r = =
35 7 h ﬁ
1% o 2200} o = 55001
- ﬁ=0'01ﬁ“3m=0'604 B0 *=0.244x4203.1 R=0.787 = B'a 1=0.232x-437.2 R=0.826
' - - - . 1800 - - : . % 5000 - - - :
700 800 900 1000 1100 700 800 900 1000 1100 700 800 900 1000 1100
7 7 i B/mm W 7E 2 i B/mm W 7F 2 i B/mm
3 N
( mm/a, 0.578(a=0.001),
4) ’ ) 0. 443 mm/a, 0. 383 (Ll -
0. 681 0.0D),




74 19

67.27%, ,
74.45%, .
. ; 8
s —0. 631 mm/a, . , 49a

, 0.415 mm/a,

0.79~0.858(a=0.001),

N 9 ET{)7
° b b 7ETU LZIJ o
1
A B A B A B A B
0.636%*  0.733%" 0.666"*  0.681°%  0.439**  0.388"" 0.586%*  0.587%"
0.758%*  0.819** 0.769%*  0.868%*  0.724**  0.811** 0.896%*  0.807**
0.303* 0.326 0. 314 0.188 —0.220  —0.283" 0.381** 0,281
—0.597%*  —0.655%*  —0.697** —0.667** —0.657** —0.691**  —0.608** —0.642**
0.866%*  0.871** 0.755%*  0.868**  0.858**  0.886** 0.594%*  0.623**
0. 348 0. 482%* 0.711%*  0.677** 0.294 0.399%* 0.381** 0,282
0.882%*  0.847%* 0.759%*  0.872%*  0.872**  0.907** 0.504%*  0.537%*
—0.498%*  —0.533**  —0.515%* —0.549%*  —0.640%* —0.672**  —0.516** —0.500**
s % a=0.05, % % a=0.01,
y=0.681x+606.7 A $=0.443x+637.0 BE
g 7001 R=0.578(a=0.01) = g 7001 R=0.383(a=0.01) X
8 £ 650} /A A, <A
e i Viaaa e VA%
£ 600
# 550
500, ¥=-0.631x+319.1 500 $=0.415x+200.4
g R=0.223 AR g R=0.181 BX
= & 300
R
& 100 ® 100
1960 1968 1976 1984 1992 2000 2008 1960 1968 1976 1984 1992 2000 2008
4
2
0.654% 0.749% 0.351" —0.467° % 0.457%% 0.752% 0. 790" —0. 338"
0.695%* 0.736%* 0.479%*  —0.443**  0.741** 0.788%* 0.858%* —0.385"*
0. 454%* 0.621% 0.238 —0.605%*  0.545%* 0.783%* 0.810%* —0.534*
0. 644%* 0.723%* 0.331* —0.441% % 0.412%* 0.758%* 0.799%* —0. 445 *
.4
8 s s
0.750~0.963(a=0.001), 99%
« 3, , N . , 2
. 0. 807, 0. 889 .
0.767,0.699(a=0.001), 0.963,
s 0.789(a=0.001), ,

o b b o



Japan and its relevance to the variability of the hydrolog-

1 75
3
0.735%* 0.789** 0.354%* —0.166 —0.732**  0.469** 0.488** —0.203
0.490% * 0.434%* 0.391%* —0.121 —0.150 0.674%* 0.699%* —0.046
0.427%* 0.518** 0.296* —0. 338" —0.031 0.762** 0.807**  —0.399**
0.715%* 0.678** 0.621%**  —0.302% —0.505%*  0.749** 0.767**  —0.291*
—0.044 —0.050 —0.078 —0.720%* 0.750%*  0.426%* 0.441%*  —0.493**
0.547%* 0.612** 0.357**  —0.670** 0.963**  0.504** 0.516**  —0.393**
0.289* 0.447%* 0.095 —0.568** 0.778%*  0.478** 0.480%*  —0.423*
0.128 0.258 —0.121 —0.258 0.889**  0.205 0.232 —0.126
ical cycle[J]. Tenki,2004.51(9):667-678.
[6] Linacre E T. Evaporation trends[ J]. Theoretical and
1 Applied Climatology,2004,79:11-21.
(1 19a . (7] ’ »oor - 80
0. ,2005,50(15) :1636-1642.
’ ’ [8] : C
| ’ [ ,2007,22(6) : 659
’ ° 667.
o ’ [9] , . . 50
[Jl. ,2004,59(6) :847-854,
— — o [10] , s . 60
(2)ArcGIS  Kriging , 0l ,2010,21(2) :194-200.
, [11] , . .
0. ,2000,15(3) :256-259.
’ [2] L
’ 0. ,2006,25(3) :22-31.
’ [13] ; , . 1960 2008
’ ’ (1. ,2010, 32
(3 8 (1):139-148.
, 49a , [14] . ; ,
> [J. ,2009,20(2):159-
. , 167.
, [15] , . )
. [Jl. ,2010,30(3);
675-680.
[16] , . [M]. : ;
(1) : : .. 19562000 2000.
[yl ,2006.25(3) : 378-132. [17] . . 30
[2] s 50 [Jl. [J]. ;D .2005.35(3):276-283.
,2007,22(5) :683-691. (18] . ’ .
[3] , , 1952 2007 [Jl. ,2010,29(1) : 10~
(. ,2009,31(3) ; 16.
479-484. [19] ¢ Ol
[4] Golubev V, Lawrimore ] H, Groisman P Y, et al. E- »1982(2) :196-206.
vaporation change over the contiguous United States and [20] ’ ’ ’
the former USSR: A reassessment[ ] ]. Geophys. Res. . +2009,64(7) . 798-806.
Lett. ,2001,28(13) ; 2665-2668. [21] S
[5] Jun A, Hideyukin K, Lu M. Pan evaporation trends in R »2010,30(4): 923~
932.



' #F HE
M E/mm # & /mm

#{R/m

4393

- 0 B0 160km 1237~252 W8 266~2798 291~30]1 W 314~329 315~334 W8 352~360 BN 383395 WN412-432
875 S —— W252~266 8 279~29] I 301~3 14 329~345 W1334~352 W 369~383 MM 395~412 EMm432~457

MESs HREERERSEWmaM B Ble R B G I A 2 R BT P4 A AR O 2 ) 4 A
; £F : | e
B/ mm FE m # i ft/mm
142~150 MR]157~165MM171~179 EN186~194 70~73 WM 75~77 MM79~8] mEB83-85 ' 772~815MM857~900@M933-064 N 1009~1054

e150~157 mm165~171 mm179~186 mm194~203 = 73~75 mm77~79 mm81~83 mm85~88 ©815~857MM900~93 3mm964~1009 mm 1054~1103

M7 HAE LA RKE, &3 LR A 5 7 AR % () g A

Briy EEEBRH 0 HHy  EEEUKE O mERME S TP ERMM EEECRE A
B8 A [E S f BAL L A A ok A IR

19984F 20084

L M A ks ek mEmEEHm
B B9 1974—20084F it i 5 -+ M R A BLCAR



