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Trends in reference crop evapotranspiration and possible climatic factors in the

North China Plain
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Abstract; Reference crop evapotranspiration ( ET,) is the key factor to estimate crop water requirement and guide farming
irrigation scheduling. Under the climate change background, daily reference crop evapotranspiration at typical stations
across the North China Plain ( NCP) during the period from 1961 to 2007 were calculated by the Penman-Monteith
approach. The seasonal and annual characteristics of ET,were analyzed from the view of energy balance and dynamics.
Using the mathematical statistics, primary and secondary climatic impact factors were studied for reference crop
evapotranspiration and its constituents ( ET,, and ET,_ ) respectively, for guiding farming water management more effective
in the NCP. The results showed that the annual reference crop evapotranspiration and its constituents ( ET,, and ET,_ )
were significantly declined, while annual mean temperature was significantly increased, annual mean sunshine hour, related
humidity and wind speed were significantly decreased. The highest reference crop evapotranspiration and ETrad were in
summer, and lowest in winter, while the spring ETaero value was highest across the NCP. The relationship between annual
ETrad and ETaero was slightly negative, while was positive in spring and summer as well as negative in autumn and winter.
The main climatic factors for the change of ET , were sunshine hour, wind speed and mean temperature, and the impact of

wind speed was negative to ET,,. However, the main climatic factors for the change of ET,  were wind speed, related

TO
humidity and mean temperature, and the impact of related humidity was negative. Therefore, the change of reference crop
evapotranspiration was synthetically impacted by sunshine hour, relative humidity, difference of maximum and minimum

temperature and wind speed. In addition, the correlation between rainfall and reference crop evapotranspiration was
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significantly negative, while the decline rate of rainfall was a little more than that of reference crop evapotranspiration.

Key Words: the North China Plain; reference crop evapotranspiration; Penman-Monteith formula; impact factor
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Table 1 Climatic tendency rate of each climatic variable at each station across the NCP, 1961—2007
S 1] Climatic tendency rate

2 g TR REEE RRRE H#2 H BRI % ARX R EE Mk
B WK . L . Pk i X X
X X Average Maximum Minimum Difference of o Sunshine Related Wind
Province Station Precipitation e
temperature  temperature  temperature  temperature /( (10a) -1) hours humidity speed
/(C (10a) -1) mmi e /(h(10a) ~') /(% (10a) ~') /(ms~!(10a) ~!)
ik ¥ 0.36** 0.26** 0.52** -0.26** -44.2* -0.37** -0.05 -0.14**
Hebei AFEE 0.39** 0.16* 0.66 ** -0.50** -18.5 -0.54** -0.08* -0.04
e AR 0.05 0.23** 0.09 0.15 -0.7 -0.04 0.04 -0.21*"
Henan R[H 0.16** 0.03 0.32** -0.29** -1.4 -0.32** 0.02 -0.18**
Hs 0.22** 0.07 0.35** -0.28** -18.9 -0.26** -0.04 -0.14**
5 HH 0.18** 0.09 0.22** -0.1 0 -0.30** -0.09** 0.15**
INAR PP 0.15** 0.06 0.21** -0.15** -0.1 -0.33** 0.11** -0.13*
Shandong 3iFH 0.37** 0.26** 0.46** -0.19** -32.3 -0.16** -0.11** 0.03
b 0.44** 0.23** 0.68 ** -0.45** 8.1 -0.23** -0.12** -0.03
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Fig.2 Trends in annual mean ET,, ET 4 and ET,, at each typical meteorological station across the NCP
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Table 2 Seasonal climatic tendency rate of ET,, ET , and ET,,, at each study station across the NCP
S AFAi A 2R Climatic tendency rate /(mm(10a) ~1)

o o ol T SR AR
ET,, ET,., ET,
4t Hebei ek % 0.9 -3.3 -2.4
"2 -7.8** 0.1 -7.7*
*® -1.3* 2.3 1.0
£ 1.0** -1.5 -0.5
ARE H -4.0** 0.1 -3.9
"2 -14.8** 3.6* —11.1**
*® -2.8** 1.8 -1.0
£ 0.6* -3.0* -2.3
Y[R Henan FIK F3 6.8** -3.6* 3.2
g -1.6 -13.1** -14.6**
*® 4.3* —-4.7* -0.5
£ 1.9** -3.3* -1.3
mkH ‘ 1.7 -0.7 1.0
"2 -13.4** -8.9** -22.3**
% 0.9 -3.1 -2.2
& 0.5 -3.7* -3.2*
s ‘ 1.3 0.1 1.4
"2 -8.5%* -4.8* -13.3**
% -0.2 0.6 0.5
£ 0.8 -3.3* -2.5
5 FH # -2.9* 12.5** 9.6**
" -18.6** 3.0 -15.7**
*® -3.1* 8.2%* 5.0*
£ -1.7* 4.3* 2.7
11 % Shandong T #H 1.7 —11.3** -9.7**
"2 -9.6** -9.0** -18.6**
#* -0.1 -1.6 -1.8
£ 0.6 -2.5 -1.8
Er3uE| % 0.4 6.4** 6.8**
" -6.1** 4.7* -1.4
#* -1.2 6.3** 5.1%
£ 0.6* 1.9** 2.5%
Tt % 1.6 5.2 6.8*
"2 -6.7** 3.3 -3.5
*® -0.9 5.5% 4.5*
£ 1.0** 1.7 2.7
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B TR AT G S YR —F U B, H B E R S S YRR N AR BFE
TR 5 LB 4 iR A RIK. SSEEWHRBEARKNRE, ZZ, BRI S RN, HARH A
P8 E TFE(a=0.01) , iR AR Z PR K1, 45 10a TR 18.6 mm, M2 <3) 004 FAMMFFEAR
T LERMI, &HEHRESFENFATLOAN R, HROIVREMKE, BRRHREA T, £FZ0%
BRI R FSEAEYZE R R BTSRRI Ak AN S, 4 23 S 2T 24k % BE 5
EFHEH (2 =0.01) . HARBUEATD AR TGS VGER - Rl « =0.01 I BEERR
2.2.3 AEHITURZE B F TR R R

& WU 2 3l J O S AR Y AR B R AR R AR B R R A, AP — R AR RS AR, PRI 32 IR R
AT EFTIRER LA . A SCH i Pearson 856 70T 25 70 A7 8 5 2001 25 3 ) 24 0 2 (] AR R 5%
R, RIWE Z AFFAER —ERNHRRR  HXFRRIFA BE RT3 S # TR EZ B2 AR
&, RA R MBS 2 IEAX, BHEXRRAANEE . F EWF, EIUNZ T30 122002 6 204055 IEAH
KRB KFEMZFHUB AL ER

*3 A REHTMZESHAFEIEXXER
Table 3 Correlations between ETrad and ETaero at annual and seasonal range at study stations

B AR HE &% Rz *kZE X%
Province Station Annual Spring Summer Autumn Winter
7t Hebei U 0.17 0.31 0.26 0.05 -0.15
ARE -0.02 0.38 -0.11 -0.10 -0.21
{7 ¥ Henan FEEK -0.06 0.20 0.30 -0.09 0.06
R 0.41 0.53* 0.55* 0.23 0.27
s -0.18 0.25 0.10 -0.06 -0.12
1M -0.48* 0.08 0.03 -0.17 0.04
11175 Shandong P2 -0.12 -0.06 0.38 0.02 -0.15
3KFH -0.11 0.18 0.11 -0.23 0.05
W -0.20 0.29 0.04 -0.05 0.02

# RN @=0.05 MBEWRL; « » FRET « =0.01 HEEEKER

2.3 SEEYHEBER LN EEZMER

ARAKIESH A W 7E R XA R R E R AR . 7 TIRA TP R 8 v 2% AR Y)
R FERRIEH , A SO LtE 2 2 B R GE 7 iR BT S5 (R W78 HOR AR R 5 Rl
MEBEBERZEPER, 8T o =0.05 2EMHEBHIERTFIIARE IR,
2.3.1 EGITURIZh S WAL EER NN R

SRR KPS R A KR ERE RS TTTE RN 4 P, W TFRETTURYE, H R
350,42 IR TSP 208 BE 9 28 Ao FL R B g 5 ), v XU 9 SR 0 By o A [T A O AR PR R RE 2R
(R*) ¥335% 0. 80 LA 5 H HRBFEHE T MR (LT LARRRE 50% DA L RYAE SRk . ST BB R £ Bk A T K
PHAEST , RIS H YRR ITUH B IS A IR EER IEASCR R, B B IR RO = iR A ok, 2515 )
AHBENEH TR % 47a AR E RN EURE T, BRSNS H Y28 ER AR ST 012 TR
EE I8

ZER N EE SR | B R RS SRR FXHEE KREEFIRETA R, MK
4 AT, IS « =0.05 SEVE AR S T A B A7 A2 B0 RGE AR EE A H P EIR B, 815 77 72 I DR XE R B
(R*)350.90 LA b ; 85— SRR B () R B F AT R 50% LA L i3l U8k . 53 8, AR BE X 3l
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R4 AWYRSEEYEYBURMEESRERGBXXARHERF
Table 4 Sequential correlation between ET, and ET,

aero

vs climatic variables at the study stations

R ETrad
% Province 3 519 42 7 43 7 4 47 o
Station First term Second term Third term Fourth term
4t Hebei Ik H A5 AR B K - 0.78 (0.51)
ARE H RRAT4 57 AR IRLEE - 0.88 (0.75)
75 Henan I H RRAT4 257 AR IRLEE - 0.93 (0.75)
a1 H RRAT4 57 AR IRLEE - 0.85 (0.69)
e H B4 Rk * [k * Hi 0.80 (0.44)
&M H HeEd 5 IR * PR BE FHRAE 0.94 (0.75)
L7 Shandong W H HeEd 5 R * BRI - 0.87 (0.35)
B3] H Hi i R * e IRLEE - 0.84 (0.58)
bl H IR 3 Rk * e IRLEE - 0.84 (0.57)
R SIFI ET e,
284} Province DI &1 T 452 Wi 53 i 24 10 R?
Station First term Second term Third term Fourth term
7t Hebei I ARSI BE 5z e IRLEE - 0.90 (0.58)
ARIE R AR EE * SPHR - 0.93 (0.49)
7§ Henan P R AR EE * RNy AR 0.97 (0.80)
R R AN -9k B Pk 0.97 (0.61)
Bz R AR PR BE - 0.98 (0.71)
5 FH A6z AHXH B PR RE - 0.97 (0.66)
L7 Shandong W R AR PR BE - 0.98 (0.79)
B3] AR BE 5z PR BE - 0.96 (0.72)
b1 R AR EE FEUREE - 0.96 (0.46)

R 4 ) I G PR 40 B SRR BT 4R , + AL 25 47 NP 00k 8 SRR 50 5 35 5 P IR R S ph 3 — 08— R P 3
P FRy e [m] U D AR A% 2 AR OG R %

2.3.2 SHEYZRMBEEUNEZRHER

PRARR R BOE P HERRE R B (AR, I S S B R ABE LR R RN EN N URER , RS N
AP RS EEYAME S S URERORAX R T, SH5EYZEBER H RN B2 NEE R
FIEAR, SHXHEEMEK 2ET AR, K REA BEES 5HAIR, B SEEYZABEXREAA

®5 HABURSEENENEBSRSKERNREXRY
Table 5 Partial correlation coefficients between ET, and climatic variables in the study stations

SEEYIZRRE ET,
# ) Province S Rf;f’; | o vt Sanbie ﬁﬁiﬁf o
temperature temperature hour humidity speed
7]t Hebei T -0.48* 0.15 0.72** 0.61°* -0.65"* 0.47*
ARE -0.38 -0.06 0.69 ** 0.74** -0.43 0.47*
75 Henan P -0.53* 0.53* 0.60** 0.88** -0.48" 0.43
FRH -0.39 0.42 0.76 ** 0.87*" -0.68** 0.70 **
¥s -0.32 0.33 0.62** 0.67 " -0.67** 0.70 **
TR -0.58** 0.55* 0.63** 0.54* -0.72** 0.20
INZR PLipzs -0.30 0.10 0.70** 0.85*" -0.73** 0.67 **
Shandong JErH -0.43 0.51* 0.27 0.43 -0.79** 0.36
T -0.49* 0.43 0.05 0.41 -0.63** 0.51*

* FRiE a=0.05 I BEERLE; + + FRET a=0.01 [ BEERE
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5. RHEETSHEYEMESHAKRIFENIE AR, 22 8E, B ReTHuiE , s B EE LR, 5
KTshig , B R TR, BAF T, 456K 1,EI0FRTTR X (55 ) K 8 &3S MR
FRHb X (GEPHANES ) RGeS, S ESHEVEBENEREAE L ABBEEFERLTIHXR. B
ki, 22T Penman-Monteith A X ER B SEEY R, FEZSMIUBERFREEIEM. #£I0FR
BHAEYZEREZ H B E AR XS R X AR B B 3522 M ek
3 &g

A CAEEINEREXEE R BE LT, B B AT R ARG ) B2 TR, BRI TR KT R
T, BB ST T 1961—2007 4RSS SR Y 28 H0R SO BT ) A AR E A S sg i R R L 15
BT 48

R IR SR Y ZE R S A R 2 B B PR L B AR UARIE . 3K 47a SEEYEBEET
RS, FRETLEFE 10—32mm(10a) ~' Z 8], B F M HGE T BEER R . P95 KRB (15 FH 3 FH A
BB 2 EFHER . EESEEYZERBEME ZE I 5 e E ey am, HREFEZMKZE,
XBEBM, EEWEFE THRGENNEE . FRESIE %0 5 HLF WK, LFHE R, BHm
5Eh %W EZ A —E WA E R F BRI, BRI I 2 BB EARXR AW E
BRMXEXR, EAERFELRRZTEHNHEXXRIFAEE,

S AP R RS 52 B R, R SR B A, A 56 R EGA 0. 80 DAL, Hodh XU BTk 2
18, B3t 25 47a w , RGH /N B FE— e R BE AR AR S IR0 i 5 25 R 3h 7 2 T 35 B 32 KGR, A O B B 31
FERZNR, AR RFGE 0. 90 LA b, H A AH X BE ST TAUEL, B 25 47a thAHXHE BEW/NE — @ R BE Bl T
R IHFTHIBN . ZXSEAEY A EFETEZ H RS EHRE, B2, K WS 1E AR,
SRR 2 MAHKE, BT FEIE IR TREK
4 itig

PG BRI TR K&, X T U E AR B R TCRUK A E R, 32 R /K A R FA AR 38 S KEM A A
TAEBEHILE L TEYTK R AR B K 4R FHRCR LA K A W BE AR AT D I RS, 72
BULSEPRER X T B S HEYAME BB L NEE, ZERBEERESEW, I RS EEYER
B IFEL, S S E B EYA/NEME ERMETKEMREME. TEIZXEKREERS ALY, 2
EPERFRERS, MA/PNENERNKEEBRA BRI RE. Hit, ERENKESEIEYERER
A, TEE R B RIRTIR T, &/ E AR FNHNTE K BIFEZ R, £ — S B E ERFEM THEIERR
KRR R RBUR; M E ESHEYAEMENRRI N EE R TRETHNT KR TRIEEER TA/NE,
ZNEMEEREFTHNTKEBRIE, BBE— R E LSRN /K ES (AT ES B YK R,
HIEFMFERE, PRL/NE MR FRER M EET KR, RIEAR FEY A K By Bt K 45 1 SUSFR B A T3E
B A RHIHERR , 5 A R I B
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