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Fig.1 Location map of Tongliao and its plain area
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Fig.2 Comparison of shallow groundwater level contours for
measured values and simulated values in late 2007
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Table 2 Comparisons between measured values and simulated values for grass dry matter yields (DMYs)
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Observation date

I DX/ 0l
Monitoring regions/ stations
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B ke Dry matter yield/(kg-hm™) I A
Data source oM Bl SEIME Ratio of
Minimum Maximum  Mean Daximum.minimum
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24145
N k(22
SEAE [22] 36519
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Table 3 Comparisons of annual precipitations and grass DMY's in dry years and in normal precipitation years

L SIESi w7 PR IR S R R
Grassland type High coverage grassland Medium coverage grassland Low coverage grassland
FE Period ROKGE TR M ROKE PR M Rk PR
Dry years Normal years Increase/% Dry years Normal years Increase/% Dry years Normal years Increase/%
[% 7K 2 Precipitation/mm 308.0 362.0 17.5 312.0 375.0 20.2 316.0 364.0 152
T bt 1695.0 2505.0 47.8 1560.0 2145.0 37.5 810.0 915.0 13.0

Dry matter yield/(kg-hm?)
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FERP KA A TRRAU S AL, SR 4P IR X T
IKBRGAEHIAE 10 m BUR, 20 Hr sl T4 5 A
TR KB Ko K DL AR AR AL

N T AHE DG, PR o N K R4 T
TP S TTRR A L B 5, bR /KR I 7E
10 m PL R S SERAR b IR I 55t o W5 15 R
S KM SN i ST T, Wk 4
FroRe s L AR 55 R T B U0 R 4 A
5.9%- 3.8%- 0.7%, A WL, 4P JR X Ab T T /KAE R,
T 7RO R HI R A5 1 S 34 FH R LRI /N, B 58 42
AR 5% A B b R A 1 2 KA AN 2 B R R

x4 ERERNMKERBRTERER TR
Table 4 Comparisons of grass DMYSs in phreatic water scenarios of normal depth and large depth
R KRR St A Year I
Groundwater depth scene 1988 1989 1990 1991 1992 1993 1994 1995 1996
1EH MR Normal depth 1431.0 2629.5 2469.0 3364.5 3241.5 2266.5 2610.0 2974.5 2545.5 1539.0 2506.5
KHEVR Large depth 1339.5 2551.5 2413.5 33345 31245 20445 2436.0 2694.0 22485 1408.5 2359.5
=% Yield cutrate/% 6.4 3.0 22 0.9 3.6 9.8 6.7 9.4 11.7 8.5 59
PR IR YR Normal depth 1249.5 2331.0 2 161.5 2520.0 2569.5 2176.5 2101.5 2460.0 2335.5 1615.5 2151.0

Fh A Grassland type

1997 Average

e R
High coverage
grassland

T

Dry matter i\ﬁjggfg“e FHRYE Large depth  1153.5 2290.5 21345 2511.0 2554.5 2055.0 2005.5 2379.0 2175.0 14340 2070.0
. o2
yield/tkghm™) = (land /=% Yieldcutrates 7.7 17 12 04 06 56 46 33 69 112 38

(R 26 E 2 IEH I Normal depth  720.0 1 020.0 904.5 979.5 996.0 9150 879.0 940.5 951.0 8535 915.0

KIER Large depth
U7 % Yield cut rate /% 6.3 0.4

Low coverage
grassland

675.0 10155 9045 979.5 996.0 913.5 876.0 939.0 9450 8385 909.0
0 0 0 0.2 0.3 0.2 0.6 1.8 0.7
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Abstract: In semi-arid areas, human activity is more frequent than in arid areas, which makes groundwater

exploitation more severe, while there is more precipitation relative to dry areas, which increases the complexity of

the moisture conditions. For the complex water conditions in the semi-arid regions, the relationship between

vegetation and phreatic water was explored by water cycle simulation and plant growth simulation from the

perspective of the whole water cycle. The grassland, the main land use/cover types in Tongliao plain areas, and
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the grass dry matter yield (DMY), an indicator reflecting grassland vegetation growth situation, were selected for
this study.

Grassland plays an important role in the water cycle and regulates runoff, infiltration, evapotranspiration,
groundwater recharge and discharge and so on in this region. In this paper, the water cycle is simulated by the
MODCYCLE model, which is a distributed hydrological model with physical mechanism. The model also
contains plant growth module, and couples with groundwater numerical simulation model, which makes the
model become a set of powerful integrated hydrological model. Calibration and validation of the model were
conducted in terms of groundwater and grass DMY. Simulated values and measured values of the groundwater
level were compared in the end of simulation period by the way of groundwater contour map, and found both
good fit. The analog values of grass DMY's were compared with the measured values from several literatures, and
were proved that the results are reasonable.

By analyzing the response of the DMY per unit area to the changes of precipitation and groundwater, the
dependence of surface ecosystems on the groundwater was understood. Firstly, the response relationship between
the analog values of the grass DMYs and the precipitation is analyzed and it is not a linear relationship. However,
the grass DMYs are roughly in line with the movement trends of the precipitation. Precipitation is a factor
affecting the growth of grass in dry years, but not all factors. Secondly, based on the statistical analysis of the
grass DMYs at different intervals of phreatic water evaporation volume, relation curve between evaporation and
grassland vegetation dry matter yield is established. As the evaporation increases, the DMYs of the high and
medium coverage grasslands also increase. However, when the amount of evaporation increases to a certain extent,
the grass DMYs are stabilized. The results show that the range of 2.0-2.2 m is the suitable groundwater depth for
the stability of grassland ecosystems in dry years. Thirdly, the grass DMYs in normal precipitation years were
also simulated for comparison with those in dry years. The results of statistical analysis show that the grass DMY's
in normal precipitation years increase by 13.0%-47.8% to those in dry years, which explains that precipitation is
an important factor affecting the stability of ecosystems in semi-arid areas. Finally, no support from phreatic water,
the grass DMYss cut 11.0%-14.7% of the average for 10 years in dry years, and cut 3.8%-5.9% of the average for
10 years in normal precipitation years, showing that changes in precipitation affect the dependence on
groundwater for grassland.

Key words: ecology, rain, hydrology, grassland, phreatic water, dry matter yield, semi-arid regions
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