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provide an important scientific basis for climate warming mitigation through the regulation of human activity. The

simulated results show that the three main types of LUCC phenomena in the semi-arid regions, including farmland

expansion, afforestation, and grassland restoration, all appear to have had negative effects on local-scale surface air

temperature. Farmland expansion resulted in a decrease in local annual mean temperature by 0.11°C, with the summer

and winter values being 0.39 °C and 0.06 °C, respectively. Afforestation reduced local annual mean temperature by

0.33 °C, with winter witnessing stronger cooling than summer (0.24 °C and 0.15 °C, respectively). Grassland restoration

resulted in a decrease in local annual mean temperature by 0.41 °C, with the values for summer and winter being 0.58 °C

and 0.51 °C, respectively. The influence of LUCC on the minimum temperature was more than the maximum temperature;

moreover, the diurnal temperature range increased, mainly due to the decrease in minimum temperature. The local

temperature changes caused by LUCC were comparable with the grid-scale background temperature changes, while the

impact of LUCC on the regional average temperature was negligible. On the one hand, the share of LUCC grids was

small; while on the other hand, the positive and negative effects in the process of regional averaging offset each other.

Therefore, the influence of actual LUCC on temperature was mainly limited to the local scale.

Keywords Semi-arid region, Land use and cover change, Temperature, WRF model
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5 Mixed forest

6 Closed shrublands

7 Open shrublands

8 Woody savanna

9 Savanna

120°E 10 Grasslands

11 Permanent wetlands

12 Croplands

13 Urban and built-up land

14 Cropland/natural vegetation mosaic
15 Snow and ice

16 Barren or sparsely vegetated
17 Water

18 Wooded tundra

19 Mixed tundra

20 Barren tundra

120°E

3—Deciduous needleleaf forest, 4—Deciduous broadleaf forest, 5—Mixed forest, 6—Closed shrublands, 7—Open shrublands, 8—Woody savanna,

9—Savanna, 10—Grasslands, 11—Permanent wetlands, 12—Croplands, 13—Urban and built-up land, 14—Cropland/natural vegetation mosaic, 15—Snow

and ice, 16—Barren or sparsely vegetated, 17—Water, 18—Wooded tundra, 19—Mixed tundra, 20—Barren tundra)
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Fig. 4 Spatial distributions of (a, d, g) CNO5-observed and (b, e, h) model-simulated (a—c) annual mean temperature, (d—f) annual mean minimum

temperature, and (g—i) annual mean maximum temperature and (c, f, i) their differences
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Fig. 5 Effects of land use and cover change (LUCC) on (a) annual mean temperature, (b) summer mean temperature, and (c) winter mean temperature (dark

dots indicate changes significant at the 95% confidence level)
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Table 3 Effects of land type conversion of farmland expansion, afforestation, and grassland restoration on annual, summer, and

winter maximum and minimum mean temperature, as well as diurnal temperature range (DTR) °C
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it — AR /[ AR Bl K -0.67 -0.09 0.58 -0.48 -0.64 -0.16 -0.49 -0.31 0.18
Gt -0.79 -0.02 0.77 0.01 -0.13 -0.14  -023 0.02 0.25
FRGER At -0.31 0.01 0.32 -0.49 0.05 0.54 -0.60 -0.06 0.54
TS AR -1.39 -0.41 0.98 -1.12 -0.15 0.97 -0.97 -0.21 0.76
A FH—F b 0.64 0.01 —0.63 —0.24 0.18 0.42 0.19 0.10 -0.09
&t -0.95 -0.32 0.63 -0.93 -0.08 0.85 -0.72 -0.14 0.58
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Fig. 6 Effects of (a—c) farmland expansion, (d—f) afforestation, and (g—i) grassland restoration on annual mean temperature (left panel), summer mean

temperature (middle panel), and winter mean temperature (right panel)
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Fig. 8 Effects of LUCC on annual (left panel), summer (middle panel), and winter (right panel) mean (a—c) downward shortwave radiation and (d—f) net

shortwave radiation (dark dots indicate changes significant at the 95% confidence level)
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Fig. 9 Effects of LUCC on (a) annual, (b) summer, and (c) winter mean latent heat flux (dark dots indicate changes significant at the 95% confidence level)

ity 1 b R AR TEAT T 43 2R A I T A AFF 0K 5k Py 4 M R FH S R e 2 B2 R AR AR AR
AT, FLLE R4 LUCC Wb 36 5 (50 . BHh, St 3 RS e Y, R
SEHRRNT, 2001~2010 4F, FEILETREA+ LUCC MR BT K., M sEmE . ~&H
HR AR AT o SO SR R IR BE RN PR MEREMRRIEE RS 3 28 LUCC BLG0H a5
MR A T R T JUBE 2 A5 P40 B I s i 3 S0 AR N . A g



o HF R O OB R 21 %
Climatic and Environmental Research Vol. 21

76

Grassland to crop mosic

=

Grassland to cropland

Farmland expansion

Cropland to grassland

Bareland to grassland

Grassland restoration

Afforestation

Regional mean

i e

= Large scale
LucCC

)

—07 —06 —05 —04

=03 —02 —01_ 0 02

Temperature change/°C

0.3

K10 LUCC FEf R, DXl A0 % RIS St e Ak

Fig. 10 Effects of LUCC on local and regional temperature, as well as large scale temperature change
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Table 4 Effects of land type conversion of farmland expansion, afforestation, and grassland restoration on annual, summer,

and winter net shortwave radiation, as well as latent heat flux W m™?
FES A7 iE
LUCC HAL TR A WO R A R T S VAR
RHEY TR B~ —4.44 12.98 —-6.90 -2.31 -4.90 3.22
B b — A P/ ] ARAE ek -2.75 4.53 -7.52 1.52 —5.44 1.63
&t -4.30 12.27 -6.95 -1.99 -4.95 3.09
HWREA A 7.46 0.31 11.14 1.26 10.78 0.66
TS AR 1.08 -3.37 7.58 6.15 5.01 3.19
AR HH — by 3.87 -12.81 10.65 0.36 8.66 —4.58
G 5.63 -5.42 8.25 4.89 5.80 1.50
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