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Impacts of global climate changes on the water and heat factors in
the Songnen Steppe

DENG Hui-Ping'?,LIU Hou-Feng® (1. Cotlege of Land and Resource, Hunan Normal University,Chang-
sha. 410081 ,China; 2. Institute of Geographic Sciences and Natural Resources Research,CAS . Beijing 100101,China; 3.
Department of Geography. Shandong Normal University, Ji'nan 250014 ,China)

Abstract: The impacts of globle climate changes on soil water balance, accumulated temperature, drought
frequency, steppe productivity and extremes are investigated in the Songnen Steppe with model calculation
results are as follows:1)According to the four GCMs model outputs, in the Songnen Steppe, temperature
will rise 2. 8~7.5C and precipitation will increase by 10% or so by the end of next century. 2)With a soil
water balance model, evapotranspiration and soil water content are calculated under 1 X CO, and 2 X CO,
respectively. The annual soil evapotranspiration will increase. During dry season, soil evapotranspiration
will decrease, but during the raining season it will increase, especially, in July and August. Available soil
water will decrease and drought frequency increase under four GCMs scenarios. 3) Accumulated tempera-
ture and lasting days will increase a lot. The annual temperature rise 4 C (GISS), =10 C will accumulat-
ed temperature rise 366~438 C.d and lasting days will increase by 15~17d. 4)With a yield-relative evapo-
transpiration model, forage production will decrease by 2% ~4%. 5)Using daily temperature and precipita-
tion stochastic simulation techniques. daily maximum and minimum temperature and precipitation are gen-
erated under 1 XCO,and 2XCO; and changes of extremes are analysed. The extreme high temperature and
low temperature will rise greatly and extreme precipitation events increase a little bit

Key words: Globle climate change; soil water balance; accumulated temperature; steppe production; ex-
tremes ; Songnen Steppe
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1 (2XCO;~1XCOy)
Table 1 Future climate scenarios in the Songnen Steppe
Month 1 2 3 4 5 6 7 8 9 10 11 12
AT CC) 5.6 3.7 10.5 4.8 3.3 2.7 3.1 2.9 4.6 2.6 6.2 3.7
GISS
AP 0.0 0.0 10.0 5.1 10. 8 10. 5 10. 1 9.0 9.6 6.6 9.0 0.0
AT CC) 3.1 4.3 2.7 3.4 2.3 3.6 2.2 2.4 3.1 2.9 2.7 2.7
OSU
APCY) 0.0 0.0 0.0 10.5 8.5 10. 6 11.2 9.5 9.8 9.7 9.1 0.0
AT CC) 6.5 5.1 5.0 5.5 4.5 5.0 3.8 4.8 5.6 6.1 6.5 7.0
GFDL
AP 0.0 0.0 0.0 10. 0 9.1 10.5 9.8 8.4 11.0 9.5 9.0 0.0
AT CC) 6.3 6.0 9.3 12.3 10.7 6.1 4.7 4.4 6.3 8.1 10.7 7.7
UKMO
APCY%) 15.3 15.9 13.1 11.9 12.8 12.4 10.4 8.1 9.0 1.7  18.0 16.5
Eo ted,
U = CEo (3)
, C .
D [6]:
D =aP (4)
a 6~9 . a o
. . W
E=Ep W<Wo
W > Wo (5)
W Wo JEp B
W < Wo W= W1+ W2)/2 5) @20 J(39' . 4D
1 Ep 5 -
W2 = ————W1( — =) + 1 — &P + CEp) (6)
4+ Ep) 2Wo
2Wo
D o
N N H 3m 3m, 3m
° ’ Wo 47
R Wo Wo . a ¢ £e
2,
w1 sl Penman Lo,
[8]0
2.1.2 1953~1995 1
X CO,) N N o
. no.mo 3
GISS . 3 GISS
,OSU GISS .GFDL  UKMO

GISS



2

Table 2 Soil types and their related parameters

(m) (mm) (m) )
Soil types Depth of root layer Field capacity Ground water table ¢ ¢
1 200 >3 0.0 0. 05
Black soil
0.7 100 >3 0.0 0. 05
Black calcareous soil
0.6 60 <3 0.10 0. 08
Meadow soil
3 GISS

Table 3 Monthly available soil water content under climate baseline and GISS scenario (mm)

Month 1 2 3 4 5 6 7 8 9 0 11 12
136.0 129.3 111.0 83.7 64.0 75.0 124.4 171.6 162.3 148.7 142.2 139.4
Black soil 111.1 105.7 91.6 70.2 55.6 64.4 104.0 131.7 124.5 116.3 112.8 112.5
61.2 56.0 43.4 37.4 24.6 41.4 74.0 96.5 82.0 69.7 65.3 63.8
Black calcareous soil 52.1 47.7 37.6 34.6 20.3 31.9 58.4 69.0 58.7 53.7 53.1 53.0
34.8 31.7 21.3 11.9 10.2 20.9 49.7 61.0 45.2 37.7 36.1 35.7
Meadow soil 31.9 28.6 20.0 11.5 10.0 18.7 35.9 39.9 32.0 34.3 31.7 32.2
CO, . 10~ 4 )
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s . 40g/mg
445g/m?, OSU 407g/m?, 8% . 90g/mg
s 560g/m*, OSU 568g/m?*, 1%,
4 CO,
Table 4 Accumulated temperature and lasting days under baseline and CO, doubling climate scenarios in the Songnen
Steppe
=0C =10C
=0 C accumulated temperature and lasting days =10 C accumulated temperature and lasting days
2770~3460CC « d) 2383~3080( C = d)
Baseline 194~216(d) 133~159(d)
OSU 3230~3985(C «d) 2670~3415CC = d)
213~242(d) 144~172(d)
GISs 3359~4135(C «d) 2748~3518(C « d)
219~253(d) 148~176(d)
GFDL 3792~4635(C « d) 3048~3866(C = d)
237~274(d) 159~190(d)
UKMO 4403~5150CC « d) 3428~4223(C «d)
281~293(d) 166~194(d)
2.4 N
UKMO . s, (43°45'N,122°
18'E, 1951~1990 )1 XCO, 2X CO;, 100a o CO,
100a ; el
e (47°23'N,123°55'E, 1951~1982
) UKMO 100a R =10mm,—=>25mm
—=50mm C 5, 5 s CO, .
5
Table 5 The changes of wet days surpassing various critical pracipitaion valuse(d/a)
Stations Ttems —=10mm —=25mm —=50mm
3.5 0.7 0. 00
Observation date
1 X CO, 3.8 0.6 0. 00
Qiqgihaer 1 X CO, simulated date
2XCO;, 4.4 0.7 0. 04
2 X CO, simulated date
3.0 0.7 0.03
Observation date
1 X CO, 3.2 0.7 0.03
Tongliao 1 X CO; simulated date
2XCO, 4.1 0.7 0. 06
2 X CO, simulated date
3
1 CO, s s 2.8~7.5C, 10% .

2) s 7~8 s s



3) , .
4H=0C.=10C .
5) 2% ~4%,
6) s , .
7) o
(1] . . ,1994,52(3) :262~264.

[ 2] Bretherton F P, Bryan K and Woods ] D. Time dependent green house-gas-induced climate change. In:climate

change :the IPCC scientific assessment. (etal. Houshton J T yed.). Cambridge University Press, London,1992.173

~193.
[ 3] Kennethd D F, David C M. Climate change and water resources. Climate change,1997,37(1) ;7~23.
[4] . . .2, : .1990. 352~370.
[5] . . . : .1996. 17~ 30.
[6] . . : .1987.103~104.
[7] .
C 3 O : .1988. 23~83.

[8] . . . : .1982.120~141.
[9] . .o . — . : .1991.134~135.
[10] , , . 40 . . .1999,19(3) :220~224.
[11]

C 1 ). : .1985.196~201.

[12] Dracup J A and Kendall D R. Floods and droughts. In: Waggoner eds. Climate change and U. S. Water resources.
Wiley Pub. Co. New York,1990. 243~ 257.

[13] O, . . .1994.49(1) :27~35.
[14] s , .. (Stipa baicalensis)
,1991,15(3) :286~295.
[15] s . b .1996,51¢( ):50~57.

[16] Woo M K. Application of stochastic simulation to climate changes studies. Climate change1992,20:313~ 330.



