20188 A REBLHEK 4 $37% %8
Aug. 2018 Journal of Irrigation and Drainage No.8 Vol.37

NERS:1672-3317(2018)08 - 0121 - 08

ETF MOD16 BRI R B & B 28 43 7R 43 4iE

koRE, x| BV, ERAY, TEE, PAR, K Y E R
(1. =3 k5 KA 53T, #d T8 443002; 2. KT R4 AR ALE R A3 P oo, KX 430072
3. KAFR K ERF LN PO, JbTE 1000555 4. 338 # BT K L KK REM B, #3k # & 432000)

7 OE: 869 TR R R LAY AR A A, R RBR T RN A= Rk & & R AR [ S5 1A T 2000—
2013 469 MODI16 & # K 448 5, L BUR A 6 @ 26 VA LIRRN F 0 K, 3 1R R AR 23 A | £ A T 69k
B R AR (ET) Fo i £ R BR (PET) #4T T A 50 [ 48 R VAT R ET 5 PET 5 ,MOD16 3 4% & 49 4% B B AR
LR K T AT AMAS A :2000—2013 F , FF LK 5 F-F3ETH 635 mm, B4R L ZAbd @ik, R & B K94
#o ZHFFHPETH 1536 mm, EAk LA A K A&, W E R G, A KRS RN HETZRF T IE4
H o FERTEAESSImmia, BETHEBRSAAFRE, PETE EALY FIREAE16.13 mm/a, F LA K
BEF TEERK ; LAETA PET 218D RBUARMRG T FAZE AR T FIHERNEN ALY E3—6 AF9—10 A
PHHATFENL, HIRBRELHFRE ; RE LA LA FETAEI—11 A RIE £ FM, KKE MR
AR>S FH> R E>I4f o PETA KB IMROR A 3R> R B >F Ho> kil M PETHAEH LA 6 /1, A3 LA S
A L4t )e F A & e A £ F 8 %0 ,2000—2013 5, R TR A ETH T T %, @ PETH P L5, F R K

HAKFEARAN L.
X # R TARM: MOD16; ERRAMA : BARKK: HELA
PR S P426.2 XHERFRSAD : A doi:10.13522/j.cnki.ggps.20180078

SKHF, X B, BRRLE , . BT MOD16 BSRIANRIS AR B BT 2= S R 4HEL]. FEBEHEKF4R,2018,37(8) 121-128.

05 &

ZEHRR N B T A2 A BROK G IR BN Im) tH N T7 3K, 23R 8 2078 60% 1) B 7K a8 i 28 5Ok T 08 B2 RS
R ZEBIUR B0 R 2 RO R 2 T, A I 38K B~ R 26 R -l b i B AT R R UK
FI4a A B35S 5 KGR ) 52 B 25 §UE (Actual Evapotranspiration , i #% ET) Fl 78 0 i /K 2648 HOTE7E 28 UK
i (Potential Evapotranspiration, fi #X PETO™ . H T 5 B = A FF 008 25 57, T8 N 28 ORI s 25 45
A0 RIS T ET AN PET W 225 AT DAE — 8 R B b S Wi sl i) S BRoK R E

B A R B I Gk I AL, B K Y B 23 20 AT AR O 48 B R BUE IR L X 28 Bl I 23 23 A7 BLAEE 1) 41 3 A7
FERCR I MES o A 28 28 ROULIN s e S ksl ) L ) 28 BSOS 00 » I Ll ;UL HL 73 B) 93 A AN 5150 AS e BA
N B AR o A R B R ) R, S BOR I 28 SEIIL T ER R BT ) B K SR, 8 Sk ARk
PRI R BE 2 BUR AR 21 i AT R L T A B HOR T B [H N A O 2738 M F 28 B 14T 1 I
ORI T, Hor BAR R MR G 3 T b 3% B 8 47 1) SEBAL A AT SEBS #5147 7Kk HH 251 H SEBS # 7Y
FE SRV T H 28R, 52 AEM AR S A R, ROERS B2 LU AR s B 5m A5 Md ] SEBAL #5415
i H A KR I S E RV AR EIE, SO R A R SR AT 4R e R IR BRI
[ANEAl S5 7 AT R 28 BOR , 45 RS R TR — 3.t T 28 B AR I 8] _EAFAE AN SR, 1X LU
Fi 2 JAI A ROBE N I Z8HIOR , AR AR B RUE T B 28 BUR IS 2546 R it 9t AT B R ke 2013 42 NASA BB K
i 7 AEREH 2 HOR ™ 5 (MOD16) , 1% dn it 1 38 28 BCE B RFE S 400, 78 A BRIUEOR BE (1) SRS Bk

ks HHEA:2018-01-30

HEETH: HRERREESTH (51609124) ; [H 5% B 243 420 H (201708420137)

FEZEN K (1996-), 53, WAL FL A N o WA Fi AR, 2 B N FHREK SO T T 78 . E-mail: 961740186@qq.com
BIEIEE X3 (1980-), 55, b fiE Ao BIHER, 10t 2R SO S Bt i B 75 . E-mail: livji@ctgu.edu.cn

121



FT 86%"" e Z A HE AL T LA G B R E LB 8] 4 MR 5 , AR AL IR HOR (PR 2 o A A R AR,
N L2 N 2 s Aok 4 O B A O ARV IR IR VS AT T AT

PRI AL T 50 AR Ab L IX, %1 X R 7K BRI 2 K, R K B IREUD A Y BEKAE R 2 A AN
B, 55 KAEZETET R, R, 8 7R SR 28 BOR I 23 0 A B, 07K SRR vP AR Aol A 7= A #K
B o T MODI6 7= §h B 78 3] L34 by A5 PR [R] L R I 2858 R ET#N PET (I 25 53 AR AE , B 7
IR GEIEPEA RO AR = FR A — B B K
1 HIBSHE
1.1 RIS

TR AL T 58 A5 AL, B V] L KVT KR I 0 BRI VA A T 3k DA B X 38 (31°15'—31°55'N,
113°40'—114°20'E) AW FC X, LI AL 2 601 km?o s S R o BRI A b R R A, LT R IX R, 2 ik
BT 80% . XAk A% & T LA ZE UM%, ZAEPRIBE N R 1 150 mm A2 A5, AE~FP3 R 16.2 C, &7
WHREE . EERIED N KREANE  SRIX IR N, B A TR, N EEWNE
SR FIK R A0 WL 1, bR R L 2.

HRSOE  14°0E  LOI0E 11420°E HFSCE IM0E  HCIE 1420E

31°50'N
31°50'N

31°50'N
31°50'N

31°40'N
31°40'N

31°40'N
31°40'N

31°30'N

31°30'N
31°30'N
31°30'N

31°20'N
31°20'N

31°20'N
31°20'N

I P miE |
z gi o WS T2 2 CTSTE
05 10 % '%ig 0 5 10 =

= A W
, m km —7}(,%’ , z mmm km -Zﬁﬁ?ith, z
5 : z e
' l|3°‘50‘F, Il4"’0’E ll4°’|0'E Il4°‘20'|‘3 113°50'E 114°0'E 114°10'E 114°20'E
B1 A ALRBIE S KESH B2 R mA R IERL

1.2 BIERIR

MOD 16 3 A B Mu 5548 H 128 T 32 2 A sl M8 BURE T 5, 036 HIRR Z 280k b e 2 1)
BB K 3 8 RFIRE ARG 78 08 300 o 2B & 7 A BkA Mg 5 X 3 O B8 /K3 D 1 8 d A
S 3PP [A] RE R ISR PR 28 R (ET) TR 25k (PET) i #GE & (LE) IS fE 7 B & (PLE 4 M s . KA
MODI16 7= it 2000—2013 4 ET 1 PET FJ 48 . s A3 IRAE A « 1 5600 J5 46 MOD 16 24 % F NASA $2 i
(1) MRT T B 554 i GeoTiff % 2K, S8 5 HEAT TR A BERE L 30 55450 L )5 15 Bh ARCGIS 5B o3l (B =S
X3 B B AN ) R i . 3R EL 2007 4E [ MOD12 #8088 AR 3- AT R 58, 4% T804 i Vs % i
I 1.

A1 HABRRARE

LA HeH 1 HE F HE KR
MOD16 )3 H s 2SI 2 H55% < 1 km PRI A HOR files.ntsg.umt.edu/data/NTSG_Products/MOD16/
MODI12 FF 8] : 2007 4 5 25 (8] 43 #¥% : 500 m SR I 3k = b R A5 https://e4ftl01.cr.usgs.gov/MOTA/MCD12Q1.051/
LR HRES S8R MOD16 £ B K5 o [ S SR
K el 3t S AR 9 2 R B MOD16 £ 5 1 5: KT 3 52

WA P I T 3l S

122



1.3 HARF5E

KA R CH BRI R H P30 H s UE  H SRR HXHREE L H SF 24 JRGED A SRR A 21
21 (FAO) 18 1E /) Penman-Montieth 2 3 HE SR KAE UG H S BB 28 50E , AR 5 0 B 2 VA B R4 T H AR i
L, MR H 0 H L bR 880k . FRE— B R P S 5 A R AR P Se bR 28 BUR & T8
5 MOD16 K% 5 , 55 Jim K FH 2% MM 380 A W BT i 3k 2 R A A 10

1)MODI6 ¥& FEA 56 77 1

N T K5 MOD 16 His 73 sk ir i A 2 , 1 2% 48 FH FAO 2 1E 1) Penman-Monteith 28 i85 KB4 1)
S AR RS 5 R T EAR T B 7 28 U AT b . AR A S i e I R A 7 S5 1B L 5 R
BSEBRIE OUE BT N ABAE — 2 FE T T LLVE NS0 AIEVE 7R 28 HUR IR , [ 8 O — 2238 R A it A 5t
ATHETEZSHUR MBI F0 Y SR FH = 2 28 WOR T RS S T 2 VDA R HEAT H AR TR ASE A0, 55 280 o (1 S ) 4 9 R
SE U 25 R 3518 PR A el 7K St W R, A B SCE-UA SER 8 , 0 N 1983 —2013 4, H AR 2 &
$50.88 , AADURE FE AT, AR HEASE AL SRR I S PR 28 BUR 5 MOD 16 SEBR 28 BUR AT X b o SR FH P35 A X 1
75 (MRE) 134 J5 MR 1% 25 (RMSE) /8 MOD 16 $4i8 K5 FE P Fa b o

2) ZEBUR A bR AR A 43 BT 53

K /N IR HEAT 2R M S BT, 1H 2000 —2013 4E MOD16 56144 B MG T LR B AR kA
HRH AT B AT A R 3 2 A 50 . AR T B 20N

N gi-ETi - %iiiETi |

=1 i=1

Y- Loyery
i=1 i=1
Al KA o AL n=14) BT, R 26 1R IMA BOR B SE () K ORI . 4 KO0, 1417 7

(D

HCR I IS s K<O W, AR TCAR B NI S 2 | K/SE(K) | =0l (100=1.96) , INIZIX AR UK
AR BZ K KD H) ETSE O PET, [ BEAT BEAT 20U BE I I AEBR 2L 20 BT
2 HBERESH

2.1 MODI16#iBHEERIE
X MOD16 $d 45 £ #EAT 3630F , ET ¥ 75 MR A% 22 RMSE 4 60.6 mm/a, “F- %I F X% 2% MRE N 7.5% ; PET ¥
77 HR A% % RMSE N 246 mm/a, V- %I K X 1% 2 MRE N 17.5% . SEMFEERMEF 2 Prx. HE2TH,
MODI6 [1) ET 54 1 K 2 BU4F- 4y LB & VLA B 1) ET /N , 10 PET TEFEAN B TR BN 3 LS 38 28 MUK
B, IXPR Z TR 2 T BUR 2 PR B RIS R R 5 i n) . Sk b, ETH PET W35 AR R 223
K T20%, [K 1tk MOD16 48 nl FH T3 I it ek ) 28 HIOR B 52
%2 MODI16# F A3 45 R

e ET PET
FETEALL(E /mm MOD16/mm HAXHR 2 /% P-M/mm MOD16/mm AHXF R ZE /%
2000 672 643 427 1261 1487 17.9
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Spatiotemporal Variation of Evapotranspiration in Huan River
Basin Using the MOD16 Dataset

ZHANG Te'?, LIU Ji'*, DONG Xiaohua'?’, WANG Haijun’, SUN Zhouliang'’, TAN Xin‘, CHENG Xiong'’
(1. College of Hydraulic and Environment, China Three Gorges University, Yichang 443002, China;
2. Hubei Collaborative Innovation Center for Water Resource Security, Wuhan 430072, China;
3.Water and Soil Conservation Monitoring Center, Ministry of Water Resources, Beijing 100055, China;
4. Xiaogan Hydrology and Water Resources Survey Bureau of Hubei Province, Xiaogan 432000, China)

Abstract: [Objective] Evapotranspiration is an important process in hydrological cycle and the aim of this paper
is to analyze its spatiotemporal variation in Liao River Basin. [Method] Based on the MOD16 database, we ana-
lyzed the annual and monthly evapotranspiration (£7) and potential evapotranspiration (PET) under different land
use from 2000 to 2013 in the upper stream of the Huan River Basin. [Result] The annual ET in the studied area
was 635 mm, decreasing from north to south and from east to west. The annual average PET was 1 536 mm,
reaching maximum at northern mountains and minimum at the northern hills, respectively. The average annual
ET declined at 5.53 mm per annum, but decreased faster in the plain area. While the average annual PET rised at

16.13 mm per annum, primarily in the hilly area. The drought degree, defined as the difference between ET and
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PET, indicated that the basin became increasingly drought, especially in the plain area from March to June and
from September to October. Both ET and PET varied with land use from March to November, with ET decreasing
in the order grassland<farmland <residence and PET changing in the opposite direction. PET peaked in May un-
der in all land use, except forest where PET peaked in June. [Conclusion] Due to the influence of climate change
and anthroponomic activities, £7 has decreased steadily from 2000 to 2013 in the upper stream of the Huan River
Basin, while PET has increased in the same period. Water shortage in the plain area is manifest.

Key words: Huan River Basin; MOD16; actual evapotranspiration; potential evapotranspiration; spatiotemporal
distribution
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Changing Water Price to Regulate Groundwater Extraction for

Irrigating Winter Wheat in North China Plain
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Center for Agricultural Resources Research, Institute of Genetics and Developmental Biology, Chinese Academy of Sciences,
Shijiazhuang 050021, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: [Objective] Winter wheat-maize rotation consumed a large amount of groundwater and has resulted in
groundwater table dropping steadily, threatening sustainable agricultural production in north China Plain. Mitiga-
tion strategy has been taken by Hebei Province in attempts to reduce groundwater exploitation by increasing the
price of water pumped for irrigation. [Method] We first established the dependence of yield on water consump-
tion and the amount of irrigation based on the long-term irrigation experiment at Luancheng Agro-Experimental
Station located at a piedmont of Taihang in Hebei Province. We then developed the relationship between optimal
irrigation amount and its economic return under different annual rainfalls, from which we analyzed the optimal
water price for different irrigation schedules. [Result] Compared with conventional irrigation, prohibiting
groundwater extraction could reduce the winter wheat yield by an average 27%, and 51% in dry years. The
threshold water price should be 2.79 yuan/m’ at which irrigation will not bring any economic befits to farmers;
thus, on average, farmers should be subsidized 3 678 yuan/hm’ to compensate their loss from yield reduction
caused by such a prohibition. If the farmers were allowed to pump 100 mm equivalence of groundwater for irriga-
tion annually, the average yield loss is 8.25% and the threshold water price should be 1.34 yuan/m’; on average,
therefore, farmers should be subsidized 2 556 yuan/hm’ for the lost yield. Similarly, if the groundwater allowance
was increased to 200 mm, there would be no significant loss in yield and the threshold water price should be 0.38
yuan/m’; on average, famers should be subsidized 942 yuan/hm’. [Conclusion] We should encourage farmers to
apply saving-water irrigation using water price added subsidies.

Key words: limited irrigation; water price; grain yield; economic profit; subsidies
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