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Relative impacts of climate and land use changes
on water resource in Songhuaba watershed
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Abstract: In Songhuaba watershed( a vital part of Dianchi the largest freshwater lake in Yunnan Province) the relative contribution of
climate changes and land use to changes in water resource were studied. Effects of climate changes and land use on streamflow and total
nitrogen load in Songhuaba watershed were analyzed by soil and water assessment tool( SWAT) a distributed hydrologic model. Particu—
larly the relative impacts of climate and land use changes on water resource under simulated climatic conditions were studied. Results
showed that climate change was the most important factor influencing streamflow in Songhuaba watershed accounting for 63. 1% -96.

6% of the total value. Land use had little impact on streamflow as a whole but great variations were detected under different condi—
tions. When rainfall decreased or remained stable the contribution of land use impact on streamflow was 12.2% -36. 9% . However the
contribution of land use was only 3.4% —5.2% when rainfall increased. In terms of land use types decrease in cropland or increase in
grassland led to an increase in streamflow while increase in cropland or decrease in grassland was associated with a decrease in stream—
flow. Both climate changes and land use were key factors influencing total nitrogen load in Songhuaba watershed contributing 68.2% and
68.5% respectively. However the results showed that rainfall had no significant influence on total nitrogen load. The relative contribution
of land use and climate changes to nitrogen load varied under different circumstances. Land use had a higher determination coefficient on
total nitrogen when a dramatic change happened in the total nitrogen value( changes above 40.0%) otherwise climate changes had a higher
determination coefficient. Based on the correlation analysis between land use and total nitrogen load cropland area had a significant positive
correlation( r=0. 814) with total nitrogen load while grassland had a significant negative correlation( r=-0. 895) with total nitrogen load in
the water. No obvious correlation between forest area and total nitrogen load was found.

Key words: land use; climate change; water resource; Songhuaba watershed

2011-04-14
(20071201)

N GIS E-mail: jpan@ njau. edu. cn.



7-8
;
9-11
12-14
o 50%
300 B 1981
— ( the soil and
water assessment tool SWAT)
1
1.1
( Do
629.8 km’ 102°54° ~102°59°E 25°10° ~25°28°N 36 km 24 km
1/5 2% .
2238 m 2 000 m N 93.5% N N

N g
w%a—: : s
s '

=Y =g
13
= ‘#‘
’\Y\
= E il
b y o [, — Yokl
A O fAESE . — AT
0 25 50 10,0 km [ it ® /K3

I 711 P i /% =5 1P 4 2

1

Fig.1 Location of Songhuaba watershed
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Table 1 Changes of land use and climate conditions in Songhuaba watershed during different period

Climate change

/%  Land use change

Period /mm 1% /G
Rainfall Rainfall change rate Temperature Water body Farmland Forest Settlement Grassland
I ~1 -67.9 -7.1 0.16 -0.15 -9.6 2.0 1.5 6.2
I ~1I 58.1 6.0 1.12 0.13 -3.5 0.5 2.3 0.6
I~V 0.1 0.0 1.34 0.53 -13.5 6.2 3.1 3.7
I~ 126.0 14.1 0.96 0.28 6.1 -1.5 0.8 -5.6
n~Nv 68.0 7.6 1.18 0.68 -4.1 4.2 1.6 -2.5
m~WNv -58.0 -5.7 0.22 0.45 -10.0 5.7 0.8 3.1
: Period | . 1983—1987 ; 11.1988—1993 ; IlI. 1994—2002 ; IV.2003—2009
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Table 2 Assessment criteria for modeling results using monthly data
PBIAS
. RSR NSE -
Evaluation ranks Streamflow Sediment N P
Very good 0<RSR<0.5 0.75<NSE<1.0 PBIAS<£10 PBIAS<+£15 PBIAS<+25
Good 0.5<RSR<0.6 0. 65 <NSE<0.75 +10<PBIAS<%15 +15 < PBIAS<%30 +25 < PBIAS<+40
Satisfied 0.6<RSR<0.7 0.5 <NSE<0. 65 +15 <PBIAS<+25 +30<PBIAS<=%55 +40 < PBIAS<+70
Unsatisfied RSR>0.7 NSE<0. 5 PBIAS = +25 PBIAS = +55 PBIAS = 70
: PBIAS: Percent bias; NSE: Nash-Sutcliffe Nash-Sutcliffe efficiency; RSR:
Ratio of the root mean square error to the standard deviation of measured data
1994—1998 1999—2002 X 1999—2000
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Table 3 Assessment of calibration/verification of SWAT modeling on hydrologic processes

and total nitrogen load in Songhuaba watershed

Surface runoff Base flow Streamflow Total nitrogen load streamflow
Period PBIAS  NSE RSR  PBIAS NSE RSR PBIAS NSE RSR PBIAS NSE RSR
Calibration period -9.98 0.83  0.41 10.62 0.74 0.51 6.31 0.87 0.36 1.36 0.67 0.58
Validation period -4.90 0.81 0.43  17.08 0.55 0.67 12.07 0.80 0.45 -16.32 0.80 0.44
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Table 4 Comparison of the influence between climate and land use changes on water resource
in Songhuaba watershed during different periods
/mm  Streamflow /%  Contribution
1% B /mm
Period . Ratio of gross change . . Difference
Climate Land use Gross i Climate  Correction ~ Land use  Correction
I~ -14.9 3.5 -9.0 -3.6 165.6 81.0 -38.9 19.0 27.8
I~ 46.4 2.0 49.1 20.0 94.5 95.9 4.1 4.1 -1.4
I~V 7.7 4.5 15.4 6.3 49.8 63.1 29.3 36.9 -20.9
o~ 63.6 -3.5 58.0 24.5 109.7 94.8 -6.1 5.2 3.6
nm~wnv 25.3 0.9 24.3 10.3 104.2 96.6 3.5 3.4 7.7
m-~1v -38.9 5.4 -33.7 -11.4 115.5 87.8 -15.9 12.2 -0.5
Note: * Absolute values were used for the correction in calculating the proportion of contribution.
20
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Table 5 Comparison of the influence between climate and land-use changes on water quality

in Songhuaba watershed during different periods

/t 1%
Total nitrogen change in streamflow 1% Contribution /mm
Period Ratio of gross change Difference
Climate Land use Gross Climate  Correction Land use  Correction
I ~1 -80.6 -142.7 -192.5 -58.1 41.9 36. 1 74.1 63.9 -16.0
I ~1I -34.8 -117.3 -135.8 -41.0 25.6 22.9 86.4 77.1 12.0
I~V -85.4 -155.5 -202.0 -61.0 42.3 35.5 77.0 64.5 19.3
I~ 32.5 25.0 56.7 40.9 57.3 56.5 44.1 43.5 1.4
I~ -8.1 0.9 -9.4 -6.8 86.0 90.0 -10.0 10.0 -24.0
I~V -45.0 -32.3 -66.2 -33.9 68.1 58.2 48.8 41.8 16.9
20 SWAT
1) 86.5%
; I ~ ]] A I ~ I[[ N I ~ N
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