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Abstract Fractional Vegetation Coverage (FVC) is one of the most important land surface parameters. The change
of FVC directly affects the redistribution of land surface energy and then affects regional and even global climate
change. Studying the effects of increased FVC on regional climate has great significance for future projections of
regional climate change, which is essential for adaptation and mitigation of global warming. In this paper, the NDVI
(Normalized Differnce Vegetation Index) of moderate-resolution imaging spectroradiometer (MODIS) from 2001 to
2018 were used to calculate the FVVC, and long-term WRF model simulation experiment with default FVC of WRF
and actual FVC were simulated in Liaoning province. The conclusions show that: (1) The annual average
temperature in Liaoning decreased by 0.48°C due to the increase of vegetation coverage, with the largest drop of
0.71°C in summer, 0.35 °C and 0.66°C in spring and autumn, and the smallest drop of 0.2°C in winter. The increase
of FVC also had a significant cooling effect on the daily maximum and minimum air temperature, among which the
response of the daily minimum temperature to the increase of vegetation coverage was greater than that of the
maximum temperature, and the increase of FVVC had a good spatial consistency with the temperature cooling. (2)
The significant increase in annual and seasonal FVC from 2001 to 2018 had a cooling trend on the annual and
seasonal average, maximum and minimum temperature, especially on the minimum temperature. (3) The main
reason for the decrease of air temperature caused by the increase of FVC is that the increase of evapotranspiration
leads to the increase of latent heat flux and the decrease of sensible heat flux. For the minimum temperature, it is
mainly due to the decrease of surface temperature caused by the increase of vegetation coverage, which leads to the
decrease of upward long-wave radiation at night. In general, the more FVC increases, the more obvious the cooling
effect will be, and the increase of FVVC can slow down the climate warming in Liaoning Province.

Keywords Fractional Vegetation Coverage, Temperature, WRF model, Liaoning Province
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Fig.1 Distribution of national surface weather stations in Liaoning Province (a) and domains used in the WRF
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Fig. 2 Spatial distribution of default FVC in WRF model (a), MODIS FVC from 2001 to 2018(b) , MODIS

landuse in 2019 (c) in Liaoning Province and annual change of FVC for CTL and VEG test (d)
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Fig.6 Spatial distribution of maximum (a), minimum (b) temperature differences between the VEG and CTL in
Liaoning Province from 2001 to 2018(Unit:°C)

# 1 2001-2018 4F VEG Wit 5 CTL KR THENNEHNRE. RIEUEERNTHEMAKRE

Tab.1 The annual and seasonal daily maximum. minimum temperature differences and spatial correlation

coefficient between the VEG and CTL in Liaoning Province from 2001 to 2018

4 F = #* &S
R RIS B RIER RES RIRR BRER RIS EE RIES
i i i i I i i I it i
VEG-CTL
-0.24 -0.59 -0.17 -0.44 -0.59 -0.75 -0.23 -0.88 0.03 -0.33
)

AR AR

0318 -0.632%*  -0.159%*  -0555%  -0.546**  -0.701**  -0125%%  -0597*%  0.656**  -0.748**

#

I 0.01 [ F MR, *Eid 0.5 IR E AL
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Fig.7 Annual change of FVC difference and average, maximum, minimum temperature differences in year and

season between the VEG and CTL in Liaoning Province from 2001 to 2018

# 22001-2018 4 VEG. CTL REEME R EERZNESH (BAL: %/10a) FFHSE. AHRSES
. ARESEERZNLES (BAL: °C/10a)
Tab.2 The change trend of FVVC differences (Unit: %/10a) and average, maximum, minimum temperature

differences (Unit: °C/10a) between the VEG and CTL in Liaoning Province from 2001 to 2018

F F L K &3

FVC 0.034%* 0.031%* 0.046%* 0.031%* 0.017
Tavg -0.11%* -0.11%* -0.18%* -0.10%* -0.027
Tmax -0.061* -0.083** -0.14* -0.055 -0.018
Tmin -0.14%* -0.12%* -0.20%* -0.14%* -0.065

**ilid 0.01 KR E YRR, *Eid 0.05 15 MK
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Fig.8 Spatial distribution of change trend of FVC differences (Unit: %/10a) and average, daily maximum,
minimum temperature differences (Unit: °C/10a) in year and season between the VEG and CTL in Liaoning
Province from 2001 to 2018
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Fig. 9 Spatial distribution of downward shortwave radiation (a, Unit:W/m?) , upward shortwave radiation (b,
Unit:W/m?) , upward longwave radiation (¢, Unit:W/m?) , net radiation (d, Unit:W/m?) latent heat flux (e,

Unit:W/m?) and sensible heat flux (f, Unit:W/m?) differences between the VEG and CTL in Liaoning Province

from 2001 to 2018
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Fig. 10 Spatial distribution of albedo (a, Unit:%). emissivity (b,Unit:%) surface temperature (¢, Unit:°C)

differences between the VEG and CTL in Liaoning Province from 2001 to 2018
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Fig.11 Annual change of downward shortwave radiation, upward shortwave radiation, upward longwave radiation,



net radiation, latent heat flux, sensible heat flux differences (Unit: W/m?) and FVC (Unit:°C), average

temperature (Unit:°C) differences between the VEG and CTL in Liaoning Province from 2001 to 2018

K 32001-2018 4F[ FAEBARSS M _LAEBIES. W LKEESN . #EH. BiER. BAEERERENL
s ((W/m?) /10a) K5 FVC. PSRRI RE

Tab.3 The trend of downward shortwave radiation, upward shortwave radiation, upward longwave
radiation, net radiation, latent heat flux, sensible heat flux (Unit:WW/m?) and average temperature
(Unit:°C) differences between the VEG and CTL in Liaoning Province from 2001 to 2018 and correlation

coefficient with FVC , average temperature differences

T 3 5575 W o %7 S T o 3 EE T EhERE RGER
AR AR LRk
Bk ((W/m2) /108) -0.66** -0.30%* -0.69%* 0.27* 0.94%* -0.62*
5 FVC H X R %L -0.758** -0.586* -0.96%* 0.599** 0.830** -0.770**
5P RRRAAH R R 0.795** 0.721** 0.976** -0.613** -0.850** 0.781**

**@ 0.01 (R F AL, *@id 0.05 [ AL

N T B0 o TR AR 7 RO B SRR AR R AL, B R —ME T H A
e m IR S 14 B, T H R IR I H AT 4 A, R 44 T 14 A4
I (5D CTL A1 VEG RIS RARE AT RS iR s, MAGER. BHEE.
R FEME, R 4 FTIL, 14 B R B PR BT VEG UG T CTL {507 i &1
N, BB R, WG R R A R R WX TR 4 B R BRIR R, RSN O,
TR IR T E TR A 5 PR 1 S 0 M R R R AR T DA 1) b R S KB A S e L T R A
FNVE GBI AR ZEAN K, BT DA D) S AR 2 2 o T34 K 4 S T sk b B2 ) M THT 2m <,
TR FRARG o TR T R4 7 25 P 38 T e (BRI AR A K T e e AR R 5], 25 B 1 Rl
TSI 52 0 5 i VR A R el TR R R e, A I Vi R A U 55, 0 b T < 0 2 i T 3
M N R (T4 4%, 2014).
R 414 4R (UTCED) ) CTL Al VEG BB EBARS . # KBRS Hias. Bl Wi
B (B wim2; #15RF\E, ESRARAT) MH#RERE (FB: °C)
Tab.4 Net shortwave radiation, net longwave radiation, net radiation, sensible heat flux, latent heat flux
(unit: W/m2; Minus sign for up, plus sign for down) and surface temperature (unit: °C) in CTL and VEG

tests at 14:00 and 4:00 UTC
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