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Mechanism of Response of Land Use Change to Water Cycle Process

GONG Xinglong FU Qiang WANG Bin GUAN Yinghong XING Zhenxiang LI Heng
(College of Water Conservancy and Architecture, Northeast Agricultural University, Harbin 150030, China)

Abstract; Based on the farmland distribution maps of Naolihe River Basin in 1990 and 2013, the
influences of paddy farmland and cultivation activity on temporal and spatial variation of water cycle
process were analyzed quantitatively, combining with TOPMODEL model based on LBM method. Results
showed that TOPMODEL model based on LBM method could simulate well the rainfall runoff process of
Naolihe River Basin, and it had a high applicability on the investigated river basin. The area of forest
land, grassland and construction land was not changed much, which contributed little to the change of
land structure, while unused farmland and dry farmland were partly converted to paddy farmland,
contributing obviously to the change of land structure. The presence of paddy farmland resulted in the
increase of total evapotranspiration, decrease of the water deficit in root zone, decrease of water deficit in
the unsaturated zone, decrease of surface water, and increase of underground water from May to October.
Evapotranspiration was increased by 8. 9% , water deficit in the root area was decreased by 10. 5% , and
surface water was decreased by 43% . Paddy farmland showed different effects on hydrological variables
when rice was in different growth stages. It had great influence on evapotranspiration, water deficit in root
zone and water deficit in unsaturated zone when rice was in tillering stage. The influence of paddy
farmland irrigation on different water cycle processes was diminished in the sequence of SBAR, RZ, E,
water quantity in inlet of root zone, water quantity in outlet of root zone, and RG, among which the
differences of water quantity between irrigation and non-irrigation were almost the same for the inlet and
outlet of root zone.

Key words: land use changes; change of agricultural structure; LBM; TOPMODEL; Naolihe River

Basin; water cycle process
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Fig.2 Land use types of Naolihe River Basin in different years
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Tab.1 Transfer matrix of land use change of Naolihe River Basin in 1990—2013 77 hm®
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K H 0 34. 66 0.03 0.42 12.67 0.24 5.64 53.66
TR T 0.05 0.52 0 0.06 0 1. 64 0 2.27
ESUNEED 0.42 0.02 0.01 0.07 0.02 0 2.33 2.87
it 0. 60 104. 33 4.02 70. 42 19. 65 2.31 18.76 220. 09
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Tab.2 Division of rice growth stage and most suitable water layer mm
EHY
o Hum BT B I3 BEY) IYBER i PR AhiE FLa A
] (5A1— (H16— (6A1— (6HA8— (6A15— (1A1— (1H3— B8A1— (8HA15— (8FA
15 H) 31 H) 7H) 14 H) 30 H) 2 H) 31 H) 14 H) 20 H) 21 H—)
EEK)Z 20 ~30 10 ~30 20 ~30 30 ~50 20 ~30 0 10 ~30 10 ~20 10 ~20 0
AR 25 20 25 40 25 0 20 15 15 0
x3 KBEBHELE
Tab.3 Evaporation capacity at different growth stage of ricmm mm
HEH
S¥ L H i R ST BEY) SrBER 117 AT B LA A
(5H1— (5H16— (6 H1— (6 H8— (6 H15— (TH1— (7H3— (@BH1— (8HI5— (8 H
15 H) 31 H) 7H) 14 H) 30 H) 2 H) 31 H) 14 H) 20 H) 21 H—)
FER A EO EO (E0,2.68) (E0,9.61) (EO0,9.61) EO (E0,7.20) (E0,4.79) (EO0,1.85) 2.35
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BT AL SR L 3l 7K XS P R LA
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i, VT PR IR ML 3 Al &
FOE RIS B 4, 3 E S H R

KRR T oK AT RIELSS R LK S, S
TNYGAE () 7 Y Uk Uk ) 4% T AR X 158 22 1 4 X
2.73% ~8.33% ,VF-IMHN 5. 53% ; P 405
14 XHE K 2. 49% ~10.47% ,F3491E K 5. 01% .,
Aok R EE R BN 0.67 ~0.86, FH{EH N
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Tab.4 Hydrological parameters after calibration

LI k44 D,/(m*-min~") BB WAMFKE WMAXEKBUKE/m  Dy/(m’ min~") ¢/ (mes™")
573 0.5 0.016 1.67 0.070 3.90 2.56
2T 0.6 0.014 1.57 0. 065 3.90 2.56
EH 0.9 0.012 1.34 0. 060 4.54 2.56
x5 ERFKXHIEERIRES T
Tab.5 Individual flood simulation error statistics of Baoqing hydrological station

e [“3Ehh=vd SEMAR THRARR ARV AE RS Sk 0/ Tt/ AHXE o e Pk
mm mm mm R/ % (m?-s7") (m*-s71) R22/ % EX
820329 43.40 26.20 24.20 7.63 47.1 43.3 8.07 0.67
830425 210.70 45.10 48. 10 6. 65 138. 1 132.0 4.42 0.77
840401 97. 40 39. 40 41.10 4.31 63.0 61.2 2.86 0.78
850405 80.70 44.00 45.20 2.73 52.6 54.5 3.61 0.73
860825 187. 60 20. 40 22.10 8.33 27.17 30.6 10. 47 0. 67
870626 129. 10 97. 04 93.07 4.09 88.4 86.2 2.49 0.74
890714 122. 60 91.76 87.18 4.99 188. 1 194. 1 3.19 0. 86
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