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Cooling effect induced by vegetation restoration on the Loess Plateau
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Abstract: A large-scale re-vegetation with regional ecological engineering on the Loess Plateau including the Grain for
Green Project ( GGP) has already greatly impacted the heating and energy flux between the land and atmosphere which
induces regional climate. We used two methods the cross—checking of spatial change and surface heat balance analysis to
detect the relationships among the vegetation change temperature change and surface heat flux change during the GGP at
the station scale over the Loess Plateau. The 10 days normalized difference vegetation index ( NDVI) derived from SPOT
data was used to indicate the vegetation. The monthly temperature data from 54 weather stations within or nearby the Loess
Plateau were used to describe the temperature change. The EIN-dnterim surface heat fluxes were analyzed to determine the
surface heat condition. Two stages the initial stage ( 1998—2000 Stiage I) of GGP and 10 years after ( 2008—2010

Stage 1) were compared. The minimum maximum and mean temperatures were lower in Stage Il and the increase of
vegetation was spatially positively correlated to the decrease in all temperature variables. Meanwhile the increase in
vegetation was spatially positively correlated to the increase in latent heat flux and the decrease of sensible heat flux and
the atmospheric downward longwave heat flux. These results indicated that vegetation restoration may lower the temperatures

through an increase in surface evapotranspiration and thereby mitigate the climate warming effect on the ecological system
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of the Loess Plateau.

Key Words: the Loess Plateau; the Grain for Green Project ( GGP) ; regional climate; cross-checking of spatial change;

surface heat balance
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Fig.1 Location of the study site and distribution of weather stations
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S2) S1.82 NDVIg. ArcGIS 10.0
3
31
() 10 NDVIg (1) S S2 NDVIg
0.38  0.45 18.42%; NDVIg 13.16% Sl NDVIg CV
2 S1 NDVIg 2 .
1 NDVIg
Table 1 The statistic characters of NDVIg on the Loess Plateau
/%
Time periods Mean Maximum Minimum Standard deviation Coefficient of variation
S1 0.38 0.83 0.02 0.17 44.74
S2 0.45 0.88 0.01 0.18 40.00
S1: () the initial stage of the Grain for Green Project ( GGP) ; S2: 10 10 years after GGP
NDVIg ( 2) .
(0<NDVIg=0.3) SI 39% S2 25.10%;
( NDVIg=0.6) 5% 10.32%(  2a.  2b). N
NDVIg 92.37%; ( 20)
NDVIg ~0.28.

(c} S2—S1

Fig.2 The spatial distribution of the mean NDVIg in 1998—2000 ( S1) and 2008—2010 ( S2)
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Table 2 The NDVIg and temperature variable statistics in the Loess Plateau at site scale

%
Time periods Variables Units Mean Maximum Minimum Standard deviation ~ Coefficient of v/ar/iatinn

S1 NDVIg / 0.42 0.75 0.12 0.19 45.24

mean C 19.16 23.98 9.31 3.04 15.87

Tax C 25.61 30.29 15.44 3.31 12.92

min C 13.46 18.87 4.23 3.03 22.51

S2 NDVIg / 0.49 0.82 0.13 0.20 40.82
Tean C 18.91 23.90 10.06 2.09 11.05

T C 25.28 29.89 16.26 3.11 12.30

T C 13.45 18.85 5.07 2.96 22.00
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Fig.3 Site-based Changes of NDVIg mean temperature (7,,,,) maximum temperature (7,,,) and minimum temperature (7,,;,) in
the growing season (mean of 1998—2000 minus mean of 2008—2010)
3.3
23
A ( ASH) .
( ALH) ( ALD) . 3
( ANDVIg>0.1) . (0.05<ANDVIg=<0.1) ( 0<ANDVIg<0.03)
3 o
ANDVIg ( 3) NDVIg
o T, . ALD
ANDVIg ALH
ASH ALD o
3 S1 S2 ANDVIg
Table 3 Mean temperature variables and heat fluxes changes at sites grouped by the amplitude of NDVIg increased ( ANDVI) between S1
and S2
Range ANDVIg AT,/ C AT, . /C AT, /°C ( ‘?V];:/z) ( @S/I;[n/z) ( @52/2)
>0.1 0.13 -0.44 -0.10 -0.64 14.92 -13.52 -5.72
0.05—0.1 0.07 -0.26 0.02 -0.37 6.70 -4.44 -5.14
0—0.05 0.03 -0.11 0.05 -0.14 3.98 -3.75 -6.15
ANDVIg: NDVI NDVI change in growing season; AT ... - Mean temperature change; 7', :
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Fig.4 The relationships between the changes of the temperature and NDVIg on the Loess Plateau

Maximum temperature change; T, Minimum temperature change; ALH: Latent heat flux change; ASH:
Sensible heat fluxchange; ALD: Downward longwave radiation change
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Fig.5 The relationship between the changes in the heat fluxes and NDVIg on the Loess Plateau
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