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Characteristics of evapotranspiration for different types of land use in Liaoning Province//CAO Yongqiang, GAO
Lu, GUO Ming( College of Urban and Environmental Science, Liaoning Normal University, Dalian 116029, China)
Abstract: Based on Landsat TM remote sensing images of Liaoning Province in 2014, the characteristics of
evapotranspiration for different land use types from the perspectives of time and space were analyzed by calculating the
actual evapotranspiration for different land use types and using the discretization function of the ArcGIS software. The
results show that the actual evapotranspiration was significantly affected by the land use types, and the intra-annual
variation characteristics of actual evapotranspiration varied for different land use types. The contribution of the
evapotranspiration depends on the size of the land with a certain land-use type. There is a high degree of consistency
between the spatial distribution of evapotranspiration and land use types, indicating that evapotranspiration is closely linked
to land use types.

Key words: evapotranspiration; land use types; discretization processing; temporal and spatial characteristics; Liaoning

Province

ZE IR R 7K Y- R RE 1 0 A
O ERKSCIRIR M G A 2R R £
R, W L R 2R R kit i, 2
PP 5 W R AR A ) S A
e K B IR A B — A EE S, RTHE
HIUR IS Z8 U AR A 3 LA ROK SCAG IR S A AR
PeB I 7 ( SCRURRE ) BIRIESE B R 2 4 K SCRE
U 1R A T AT A IR SR 7K B A L e 5 DR 1Y
PR T A R e (LUCe) |
FER AR BRI IR R PHAR S S5 280, AT e 5]
B B R A 2 SO e 2 0 Je 85 R IX I
K AR AL, B2 T BUA BRREE K SCIR B Y 2
AR RN BT R IS ORI 2 ) 43 A
5 MR /B 5 A G, A R R A A
TIPS IX SRR B 20 A e L, ARSI AN 3

M AL R R s e 2 A, T A AL TR
] () ZR Tl b X R 30, b A5 R R S R A 20 L B
A AU oA B AR SR Mkl TR L
TAERBRRI A WL AL TRADT T ZE UL A |
BLBRAN I3 AT FRAE AT DU B T30 77 4 /K B Y 45 LA
JEFPEN TAE R #E4T . A SCHEC A WFSE kel -,
PEFE 2014 4FiL T4 Landsat TM 3% B A%, F1) 1
ArcGIS10. 0 A Create Fishnet T H. %7 T4
TEZSTBOR AT BT, R GEHI AT A [8] 1 o A1 267
SR ES[R] AL, LA D 30T A 2% BROR A0 A
KAMTFEAT T el

1 ARABSFTE

1.1 HUERIR
JL44 2014 4F Landsat TM 32 J&5% A% (25 (8] 43

HETH . ERK A RPEEE S (51579126) 5 HERHABEAR O K 38 I8 T A 5056 % 2016 XS RE 4 (KFKT201602 ) 5 i 8U/K A6 FR AR5 18

P R O LR 2015 AU S 34 (TWHR-SK1L.-201501 )

YEZ A BKR (1972—) , B, #8082, i+, FEENFOKOKE RIS, E-mail ; caoyongqiang@ Innu. edu. cn

- 14 - KA K A 2017 ,37(2)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn  hitp ://www. hehaiqikan. cn



HEAR N 30m) |, R T i ERABE AL 215 B
HuO E B REEBR IR 65 10 T4 23 DG R
(1) Ryt et TR B , 3G ol A4 ik
R H R/ AR H AR H AR XK (2 m
[SLIDNER S Y/ S~ s N IR /G ® &€/ 3
TEEIR RIS M,
1.2 HiEAE

P IR b BE IR L o 2R AR ME R AL T
2014 4F—M] Landsat TM 32 & AR, 75 5] 2014 4F1L
T LA PP EL, I M b4 B b 73 2R i SRR
FE, I 6 Fh - Hi A FH 2 AL 5 B b bR
by FCHE 7K B FH B R R b, AR SO 3
AR AT B H AL B, b P IR R A
ArcGIS10. 0 FPF A% 138 i 149 -t 3t A1) FH 0080 R 9 3l
534 100 m x 100 m #Y Bt 4% B dfs, #4532 1 Data
Management Tools FEH R Create Fishnet T H.%f
HHEAT R, C AW EE R A R 17
B, ZETBOR 0 22 AR /N DR I AR Sk A
HICHY % RUBE R 10 kmx 10 km , 8§ U 28352853
B 1677 /N S RN IL T AT
1.3 #MRFAZE
1.3.1 Penman-Monteith 3%

Penman-Monteith ¥ /2 23 TA Y 50 8T H 5 W 7 2%
Bl B iR 22 d /N O v OB R T RE PR K
TR BR800 7% 18 AR AR B AR AN

Z

G
0. 408A(Rn - G) + 'ymuz(es - eﬂ)

ET, = A+y(1 +Gu,)

(1)
Hrp :ET, A Penman-Monteith 13138 IV TE 28 B0 K
B omm; R, NEEES, M)/ (m® - d) ;T H IR
JE,C ;6 PGB M)/ (m® - d);u, H2m
RERGHE s e, R RN 25 SOKIR R, kPase, 238 SKIA
JE , kPa; A SR FIZK PR TR 4R iR B, kPa/C 5
y NREETHEELG G, (G, MIEE T8 AR H e
ZEBCR BN U 2 91 900 F110. 34, &S5 E
T A SO — %R, BAR T S WSk 14 ] .
1.3.2 ZHRARKLET
Il b 7K sl R0 A )R b ) S PR 25 1R
ET, K Penman-Monteith 33158 1 18 15 28 5 & =
ET, 5 A% 0 179 R B BUH AR 3 15
W)
ET, =K ET, (2)
T T8 BRI AR SR o K, R E
TR 7 ST AR 70% e A5, BT LA b 4 IR OK it
T ORI FH M i PR M 04 M e bR P R
TR MDA EY R BORUE S B SCHR [ 15] .
Wb FTIAR M SEPRZE UK 1 BT, SR HIREK
SRR R AR AKX R
ET, =0.8ET, + a,P (3)
Ko, IMRHBEIR I EE P oy HFK L,

)
<
<t

41°N 42°N 43°N

40°N

60 120 km

—39°N

18°E 119°E 120°E 121°E

122°E 123°E 124°E 125°E

Bl ITEKKERZTESS

KA K A 2017 ,37(2)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn  hitp ://www. hehaiqikan. cn - 15 -



CHE FH b 1Y S5 PR 2R Bk OET, B IFRA
:—Ct[n—lsjjg

ET, =P.n + Y P, (4)
i=1

K. P, HIREEIKIG A2 K H6 450 S H I HBEK
i P>P, WA P, A HW/NT P& IR K
m A NNT P, R K RO,
1.3.3 ABMATHRMA

FET R AR AR 2, &0 L 2014 45
6 Fifr A b 1 FH 28 7R A 52 s 28 IR A7 (6 A 1512
A —4 10 kmx 10 km /NS R 6 Ff 3 )
RAEHE A RO &, A7 A% AN TA] b A R 28
AU ZE TR DUBRAR B R T 28 80k ST mb B 3R, HoE
SCRSEBRZE LR w S A R 2R A AU A Y
P,
1.3.4 L@ 2e4Ehk

5o A A (1 SOPRZS R R df A (1, 2 DR
PRBCHIE RN 25 A8 43 B Ry JE Rl A AT BIR X 38 ) o) X 33
AR AT IO R e A T B — A O vk | 53 v HE 4
B KA A s 2R 3, A B R 28 (LT A
T B34 AR BB o ok A TS TR RO 40 HT

FETF 23 NG AEIL T B N o A R s DA
RPARIFGESERl, 7 3RAT 45 3l o5 S PR 28 Uk 1 )5 18
Bl AvcGIST R4 1 38 38 v L 4 4 (B vk 2E 47 25 [B) 4
B, DT R 23 () AR A LA T AT

2 HBRESH

2.1 HFIAXRBREIR

P2 Sy st R A7 T T L b & B, B A
IKIR AT PP BT IF BH IX bkl 3 B0
TEZRFIARR LI X TE AR 5 el DR B AR L e e
DX, Feth, S S A 7R VU AR X, 7K sl Sy v A ] K
HE30 Z4300, 1L T AR L M IS B o3 A AN 4%
STH AT BOR I 22 5%, o Bk 6. 18 7 km?

= K
MRt - kg
L RF A

B2 2014 EirTFEHTHAESH

(42.10% ), M # 6.12 T3 km® (41.74% ), H
0.47 J3 km®*(3.23% ) , 7K1 0. 53 J3 km*(3.60% ) , 3
AP 1. 21 7 km?(8.24% ) , KA JHHE 0. 16 5 km®
(1.09% ) , Bk FIAR L Ry 30 7 48 6 22 %)+ Mo R FH 2
R A S A 83.84% .,
2.2 AELMFIHERBERHESN
2.2.1 FHak

FIMZERCOR A (N (1) ~ (4)), 70035 6
Pl Hb A FHZERIAY H P28 iUk & 1RGSR 3—
5H, AN 6—8 H BkFEHI—11 HLLKAEFEN
12—2 HWPUER5r )5 2, B B4 7 28 R B
i, ARG SN R 3 s, HEL 3 AT RSEBRZR AR
AR B ok, O & =R
Z JFHE R R R T HAL ST, &1
ZEATXF FE AT, SR 28 A 152 T Hb A R AL A R )
K I W b ) 2 SRk 5 AN [) - b R P 2 A Ay 25
BRI AN ] AH RIS AS [V 4 i 4
YRBANF, EEEHUL S ; A RV E Y 7EAS R
FVEY) RBCBAEAEZE R, s i T 2808 T 22
5o B2 TR BRI H RS B &R
BOREEA RIS AR 78 WOR 5 Ik 1) 4 2
JEAEYI A TAGZE I VE R0 /N oK i
JGHR AOR A A R 2 SR R i S HiOR ey, O
FAEAN A A 2 ] 1) 22 5 B S 46 /0N

120 = s
m FRHh
100 + T
- m Kk
g I m i A
§ 60 | A
€3]

40

20 -

0

#% HE *= 4%
E3 AREt#AAERYIREHRENTTL
2.2.2 AnH
A SEPrzE R AR E R 4 R, BRIkt
FHHAN  FoAh 4 R 2SR A SEPRzE 0k AR b 2

501
i
— Ml
40r —
— KK
g 301 — g
= — A Ha
Q@ 20}
10f
oE

At
4 AREHFARBHALRERLZEETNL

- 16 - KA K A 2017 ,37(2)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn  hitp ://www. hehaiqikan. cn



TR A (8 P RS A B ORI IAE 7 A b
Bk 1 H ., ZEBE R R SRGss 8 B2 2R
RN T M BN 2R TS Y
R R 2 A, B AR A BLET A L H
FARME R BAE 12 A, XOZH S H W H Rk fE
K FHE R R PLE T 30 I3 1) S PR 28 BIUR i
7 AR KRR TG AR SRR g £ i 12
BEARAAFAER Tl AR K B p 1 0
2.3 ZFHHEREKEDW

a. B, Bk IO 2= 2% 5k TR R 2 1E) 23 A
5 Fz TR AR B AL S K AR R R X
S, (RIS AL T4 Y PR R PR (X
SO TAL T TR X A ER A3 3 A TR By T
RN LA SRS I X, L ZEE T 24
R Y ST B K, A 1 T 3R 401 H BR DL KR K
HH FORBEY REGR B R K, MHRCE T4 %,
B b X A AF ZE HOUR 1) DR (B B/ ), B R TR (B A
4 37. 43 mm,

ZABUR B/mm
0.00~45.25
45.26~100.99
101.00~162.92

= 162.93~227.77

= 227.78~292.50

CF==

(c) K () &F
5 FHtNFEEBEATHETES 6

b. M, b DU 2 L TR (EL S 18] 23 A1
b (B 6) A eI R E X, — AR AR A L
o, T3 — AR A/ N R PR L IX T
AR R PR TR O IR FE R e I A B o R A F
IR SR A IR RS B BE, BT LA—4F Fp ARt 25 B
Je T wikre = (ELH BRAE S 2 R AR AR L, i X
—AERZE U DTk A Z (6 (d) ) XA
ARER % R {EL

c. FHE, AL TR R Y F AR IR SRR (E S
6] 31 e (P 7 ) T A& B, 107 4 R 28 BIUK STk (L

ZEHUR it /mm
0.00~38.92
38.93~103.08
103.09~174.78

o = 174.79~240.22

FE m04023-322.19

(c) BkZ (D) %ZF
6 MUFEBFLTHETESH
FAAE—AEHE DX, 70 A T 748 VY B L IX, e {ELIX R
ZEHC TTRREL NS BT i) i T e BRARAE AR R
PRI OB AL (BT FE R TR AR R %37,
DRz O B LAt 75 T3 8R A TR IKF

ZEHUR it /mm

0.00~6.37
6.38~22.02
= 22.03~47.77
= 47.78~87.07
5 = 87.08~184.74 = "
O o ﬁl
ez 8 ‘ =
(a) #: 2 (b) 2
= r-
5
o
(c) Bk ZE (d) &7

B7 EMNFEEHLAEBKE=EIE
d. KR, 3T A K Y 2 2R UK DT RR A 4 1]
SR AR NP 8 Bz, 7K HiA k(L 1Y) A 45 7K J8
A A BEDC R e fELIX AT AL 1) B A B T
A PR AL K H S, LR OREE FHAR LG I
TEHIX, [RIEE DA PR o B8 R A A mT LUK B, fh T
EFRE R KR D R BT

KA K A 2017 ,37(2)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn  hitp ://www. hehaiqikan. cn - 17 -



ZEHUR i /mm
0.00~8.27
8.28~26.77

=26.78~56.77
= 56.78~122.56
= 122.57~283.07

= K-
() () ZZF
sy
(OF e ()&=

B8 KEMFEZRBETABME=EIH

e 2 WO STRER T R TP BLSR

e. SCHE M, AL T A S Tt Y 2 R O T
FRAEL (P 9 ) fRy e L IX T2 200 A T v s b X 4 13T
J5L R B PR U T Sl T AL T R AR, LT
F L DX PR 2 A R (EL 0 A MU R B Hh R 1) B a2
WA . AR AR I P M R P T AR L T
Sl P Y 2R SR B 533, (A5 5 o i 4 4L 4 5
BREAE/IN , DRI 28 HIO A B JBE 0T 28 WA 1O 52 T B2 KT
A AR 23 BB

ZE U i mm

0.00~13.98
13.99~32.78
32.79~63.22
= 63.23~122.08 I
= [22.09~317.83 - ey
spE B G
W i -
; ; ¥ F 2
- -
F o
CE== OEE=
F " i
» l. I
W
7y
T
(c) kZ (d) 4%

B9 WERMNFZHHLTHKEZTESH

£, ORMIHT ML, pl R AR FH e Y 2 2% HICA: BT R 1
ZE[A) A B0 (P 10) ATRD 30748 AR i 2 B
DTRRIELAY R (L IX T2 250 A T R L8 1AL Aok B
ALK, AR A Lo A Y /N H R T
A G P AT G B DX S A — S Y DR

6.85~26.25
26.26~56.45

= 56.46~166.11
= 166.12~316.76

(a) HZF (b) ZZ
i
OF /& (d) %=

B 10 RFAMEOFEFEYRBKE=ES>H

25 b, Xk FEAS [) M A 2R R 2 R SRk (4
B, TSRS W S, B bR b P b T RS B
WD W5 T BRI R 4 AR ZEHOR I DTRK (5
/B LRI 10 w1 D A N TS N P T
X7 BICR A BTAR R AT o 406 A AR KA
T AR ) 78 BIOR B R (B BTHRE AN R 332 R A 7K
ST o TR/ 5 S FH M TR BRI A R K e 2
PRl LHe G 3 A B R LA R XA I 484 0 5 5 s 0 R A
FHHL T A 4 AT X B AR XA A — RE /Y
TR, AN [ A A 2 28 22 ] 1 BR 2 5 A 52 i) 2
KT 2225 W2 | B AZS Ok sk LAY e AR
ARKRAERE E IR TR, R 28 U SRR {EL A 25 18] 23
A 0 - M TR 25 ) A5 BAT o B — 2,
FIFZERIEEA F ks 1R FE 2RO 120 A IX R W28
B AN R IS R P A IR AR

3 & &

a. LT 6 Bl R 2B BT o L BN 142
HAF BRI ZES:

b. SEPRZRHURL AR o T K
HUCNEF KF L TR,

c. ZRHULSZ A IR TR mRAR A, S BEI
AR 25 S A TR R P 6 TR A S P A% UK DY
FAMCHRBEAR] . BRICE FH Hoh, oA A 2

- 18 - KA K A 2017 ,37(2)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn  hitp ://www. hehaiqikan. cn



B SEBRZ& TR T 78 Ak S R B0 A O3 A T Sl A
W SRR G B sha

d. iR IS 2R Y T AR 22 S o 2 O STRIR(EL
v AR 2 M A ) N 2% HIOR: i iR L 4 225 1) 2 A A
A PR 2 ] A LA B — Bk, R IA 2%
HICR AN MR PSS R P A B DT AR |

S Xk

[ 1] SRIBUR, KB FEAR, 55 RILHLIX 2% 2 2 1k
FEE SN AT [ 1] A SR BT IR+, 2010,25(10) -
1750-1761. (ZHANG Sunjie , ZHANG Yushu, SUI Dong,
et al. Changes in reference evapotranspiration and its
causes in Northeast China [ J ]. Jouranl of Natural
Resources ,2010,25(10) :1750-1761. (in Chinese) )

[2] BAFeFe, %5, T IO, &5, RO e 2R BUR AR N -4F
PRi M AE AL RRAE S R BRI [ 0], A SRR AR,
2013,28 (11): 1911-1921. (ZHAO Lingling, XTA Jun,
WANG Zhonggen, et al. The inter-intra annual chimatic
pattern of potential evaporation in Beijing and attribution
[J]. Jouranl of Natural Resources,2013,28 (11);1911-
1921. (in Chinese) )

[ 3] #MESE. BT Budyko ZKFAHE G- 1% 5 ) U 78 HBUA
WHFE[D]. ALat iR~ ,2007.

[ 4] farWIEF. =i e X st FI 1/ 95 R 2 HUR B A5 7
R Z KAWL D]. B PIRT K ,2013.

[ 5] skBioe, xIbk:, o5, 45, A BBk (LUCC)
SWERAOCR IR [)]. ARSI EE 4k ,2014,23
(12):2013-2021. (ZHANG Xinrong, LIU Linping, FANG
Shi, et al. Research advances on the relationship between
land use/cover change and environmental change [ J].
Ecology and Environmental Sciences,2014,23(12) :2013-
2021. (in Chinese) )

[ 6] SKECH , sk2<8E ol €. 35 w5 J5 B 2 5 45+ Hb 1)
AT ZE R A s (1], TR X i HE, 2011, 34
(3):400-408. ( ZHANG Dianjun, ZHANg Xuexia, WU
Tengfei. Relationship between ET and LUCC in a typical
watershed of Loess Plateau over the past 20 years[ J]. Arid
Land Geography,2011,34(3) :400-408. (in Chinese) )

[ 77 sbess Mk 55, 6040, A VR i dul - st ) 1/ 8 0
AR K SO RE[ T ] KBRS R 2014 ,25 (1) :21-27.
('SHI Xiaoliang, YANG Zhiyong, YAN Denghua, et al. On
hydrological response to land-use/cover change in Luanhe
River Basin [ J] Advances in Water Science, 2014, 25
(1) :21-27. (in Chinese) )

[ 8] BRI, % AL 25 s b LA /B g e
B CO, v i Tt %o R VAT i AR i s [ 1. KR 2
#EJE,2014,25(1) ; 10-20. (ZENG Sidong, XIA Jun, DU
Hong, et al. Effects of climate change,land use and cover
change and CO, enrichment on runoff: a case study of the
Luanhe River basin [ J]. Advances in Water Science,
2014,25(1) :10-20. (in Chinese) )

[ 9] Ek, S, ok B BCF PG 3= A s A 2 1k

XZEBLBY R [T, 1t vg R e die ( A SRR,
2015,38 (2): 375-384. ( WANG Jie, DONG Gang,
ZHANG Feng. Effects of climatic change and land use/
cover change on evapotranspiration in the Western
Songnen Plain of Northeast China[ J]. Journal of Shanxi
University ( Natural Science Edition) ,2015,38 (2) ;375-
384. (in Chinese) )

(10T XUBBIG, i A5, = . R T 18 By 28 Uk B st R 1R
X LUCC WA R YBESE[T]. Aolk T R4 ,2007,23(8) -
1-8. (LIU Chaoshun, GAO Zhiqiang, GAO Wei. Retrieval
evapotranspiration and land surface temperature in
response to land use/cover change based on remote
sensing data[ J]. Transactions of the CSAE,2007,23(8) .
1-8. (in Chinese) )

(1] MR 5T AR R/ INEE 0T RRUE 23 A1 XK SO A
IR FERBILR B [ 1], 7K T AR 3R 4R ,2010,30(3) :
112-116. ( YE Xunchun,ZHANG Qi. Effects of grid size on
hydrological process modeling as a distributed hydrological
model at large scale [ J ]. Bulletin of Soil and Water
Conservation,2010,30(3) ;:112-116. (in Chinese) )

[12] i, XIF I Ik 4. AN ) RUBEFIEICHE JE Al 19 7K SO
RUSE FHVEVEASBIFSE I A B[ T]. A SRR,
2013,28 (10) : 1765-1777. ( GAO Chao, LIU Qing, SU
Buda, et al. The applicability assessment of hydrological
models with different resolution and database in the
Huaihe River Basin, China [ J ]. Jouranl of Natural
Resources,2013,28(10) :1765-1777. (in Chinese) )

[13] skiestk, REAL AR BRI, 45, TRMETE A8 A ST DL
TR R [ T]. 5 X B, 2012, 35 (2) £ 230-231.
( ZHANG Xiaolin, XIONG Lihua, LIN Lin, et al.
Application of five potential evapotranspiration equations
in Hanjing Basin [ J]. Arid Land Geography, 2012, 35
(2) :230-231. (in Chinese) )

[14] Z2FaM. 107 HIX F AR RBRE ], R
W% ,2004,20(3) :246-248. (JI Ruipeng. Ascertainment
of crop coefficients of maize in Liaoning Area[ J]. Chinese
Agricultural Science Bulletin,2004,20(3) :246-248. (in
Chinese) )

[15] ALLEN R G, PEREIRA L S, RAES D, et al. Crop
evapotranspiration guidelines for computing crop water
requirements ; irrigation drainage paper No. 56 [ R ].
Rome:FAO,1998.

[16] XU C Y,SINGH V P. Evaluation and generalization of
temperature-based methods for calculating evaporation
[ J]. Hydrological Processes,2001,15,:305-319.

(17 ] 5046, XUPEAR . AN i 28 AU 3 [ )] BT
KL 24,1998 ,25(3) :50-52. (GUO Wei, LIU Hongfu.
Evaporation calculation for Jiamusi City [ J]. Journal of
Heilongjiang Hydraulic Engineering College, 1998, 25
(3) :50-52. (in Chinese) )

[ 18] MAIDMENT D R. Handbook of hydrology[ M]. New York:
Mcgraw-Hill ,1993.

(R FH91:2016 -05 -13 Sk g7k

KA K A 2017 ,37(2)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn  hitp ://www. hehaiqikan. cn - 19 -



