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Fig. 1 Distribution of meteorological stations in Heilongjiang Province
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Tab. 1 Climatic trend of ET) and meteorological factors in different periods in Heilongjiang Province
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A1 R I e U AR SR AR H HE A% S
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e 0.271 0.638™ 0.637™ 0.306 -0.481" 0.706™ -0.230
A7 -0.395 0.106 0.186 0.310 -0.136 0.138 0.193
HERE —0.004 0.212 —0.365 0.519" —0.834" 0.253 —0.163
B4R 0.195 0.383 0.046 0.4407 -0.762"" 0.198 -0.100

e FR B E MK Ep<0.10; " HE R MK FEp<0.05; U FOR BE K FEp<0.01,

R ER M0 ETo 54 18 B IR R ERASAEUEE, A SR IETT A 2451 H 256D
R AT N T RIBAHICOCR, SR IE 6 B, &l 6(a)~(c) AIH, 5 243 H 2B Y7L
i (P AR IE AR DG, B IR A TH i, Z24F-F 44 H 28 B WA BTt & 6(d) IR, AR S 248
g H Z o SR SRS, SRR 1A A X 24P 2 H 2 RS2 B H A 6(e) I, H RS R
5 ZAR-1 H 25U AR BE RS, BRIV H IR R A 22412 H 28 B R B A i 141 o6(f) Rk, P23
MG AR 2 H 2R ()77 7R DE W AR SR, XUSBSOR 224144 H 28 i o 26 Lm0, B L H BRI A
S5 XU B ) T S B AR H 2N, T XL A 3G O 22 AR 2 B 2o . A
H, ZAEFE H 2RO Z AR N TR . (BAEABESE X Z4R-F- 2 H 28 B GRS B AR
AR EE R4 XK



52 3 T, % BRI SH RS T 00 53
© o o
E26f . 26} . E26t .
= $=0.1259x + 1.312 6 = $=0.117 4x + 0.604 9 = $=0.082 1x + 1.891 1
gzz R =0.088 8 Fa2; R=0.103 6 @22 R=0.0357
’ . -
wist o, s . 18
m 0 LRI m
§L$ . e ﬁLm =
B 1.0 . R ) — & 1.0 - -
§ 15 20 25 30 35 40 & 80 85 90 95 100 105 & 40 -35 -30 -25 -20
SRR C e AR/ C AR/ C
(a) SR (b) AR (c) AR
5 o ©
226 . £26} . E26f .
= $=—0.051 3x +5.015 9 = | y=o01352¢+07122 = | y=00440x+04616
§22' R2=0.189 6 2.2 R2=0.040 5 @22 R=0.1799
BISE 0 eyt ¥ 18| ’
o M
R 071 A A o =34l
T 10 ilo ' ' ' EIO" N
gg 62 63 64 65 66 67 68 69 70 71 % 60 65 7.0 7.5 80 i 2223242526 27 28 29 30 31 32
R % H B )
(d) AR (c) FlHEIAC () Py

K6 ZAEFHH ET) 5REH TR R
Fig. 6 Correlation diagram between perennial daily mean E£7 and meteorological factors
2.3 KRR ETy BHHEETN
SN AR ETo A )iy 4823 1] b A8 A, R AR K SCor#r B iz 89 R/S J7 2355 Hurst 47
B 2R E 7 B

N 2 P > ¥ N
< ggu N £ e - w5 N * Bk
T B -\'1&"“’1"‘ R A » TR A
Hurst 5% L_._é!-"\} Hurst 454 Hurst $5%¢
[10.60 ~ 0.65 PN £1043~0.50 1057 ~0.64
I 0.66 ~ 0.69 St it e 051052 I
R =
it LM@'” oo

o g
- .

.\_{,.\__

g ‘__/\i I.;‘.‘,, ﬁ‘rﬂ‘rc'
£ R TX‘ Gt :
s i

: —ikieg
0 100km N

i )
(b) H#Z
. o N T
A s . SR o
AL G [ . Cowng A
R -"‘; Hurst 54 Hurst #5451
T 0.43~0.50 __10.57~0.65
L =g(55é ~ 82’57 I 0.66 ~ 0.68

(e) &F
B 7 ANEREASEIEITAR ETo i Hurst 551

Fig. 7 Hurst exponent of ETj in Heilongjiang Province in different periods
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Analysis of reference crop evapotranspiration changes and meteorological

factors in Heilongjiang Province

WANG Zilong', LIU Ying', JIANG Qiuxiang', LI Shigiang?, CHAI Xun’, HE Xin'
(1. College of Water Conservancy and Civil Engineering, Northeast Agricultural University, Harbin 150030, China; 2. Hei-

longjiang Hydrology and Water Resources Center, Harbin 150001, China; 3. State Grid Heilongjiang Electric Power Company
Limited Management Training Center, Harbin 150030, China)

Abstract: To explore the temporal and spatial variation of reference crop evapotranspiration and the change of
influencing factors in mid-latitude cold regions, the response relationship between reference crop evapotranspiration
and various meteorological factors was revealed. Based on the data of 34 standard meteorological stations in
Heilongjiang Province, daily reference crop evapotranspiration was calculated by the Penman-Monteith formula. Using
the methods of cumulative departure curve, climate tendency rate, trend analysis and mutation test (Mann-Kendall test),
and Hurst exponent, the spatial and temporal variation characteristics of reference crop evapotranspiration in
Heilongjiang Province and the response relationship between diversified key meteorologic factors were analyzed, and
the leading causes for the dissimilitude identified. The results show that the average reference crop evapotranspiration
in Heilongjiang Province from 1990 to 2019 exhibited a moderating trend as a whole; the relative humidity was the
main meteorological factor affecting evapotranspiration of reference crops in spring, while the average temperature in
winter was that leading to the variation of reference crop evapotranspiration. In the entire province, the high
evapotranspiration areas are concentrated in the southwest, with Tailai as the center, while the low evapotranspiration
areas are concentrated in the northwest, with Huzhong as the center. The main meteorological factors that affect
reference crop evapotranspiration changes in the southern region of Heilongjiang Province are mean wind speed,
maximum air temperature, and minimum air temperature. The main meteorological factor that affects the change of
reference crop evapotranspiration in the northern region is relative humidity, which refers to the ratio of the vapor
pressure of water in the air to the saturated vapor pressure of water at the same temperature and pressure. The prediction
of a future variation trend proves that the Hurst exponent in Heilongjiang Province is between 0.60 and 0.69, indicating
that the future change of reference crop evapotranspiration will be similar to the same present downward trend as well

as a certain degree of sustainability.

Key words: reference crop evapotranspiration; meteorological factors; Penman-Monteith formula; spatiotemporal

variability; Heilongjiang Province



