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Fig.1 Spatial distribution of sampling sites and high-resolution Google Earth images of example sampling sites
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Fig.2 Seasonal cycles of land surface temperature (refers to left vertical axis) of cropland and woodland
and the differences (refers to right vertical axis) between these two land cover types
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Fig.3 Seasonal cycles of leaf area index (LAI) and Albedo of cropland and woodland
and the differences between the two land cover types
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Fig.4 Differences of leaf area index (LAI) and Albedo between cropland and woodland for each region (see Fig.1 for the regions)
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Fig.5 Response sensitivity of the difference of land surface temperature (LST) (daytime) between cropland and woodland

to the difference of leaf area index (LAI), Albedo-nir, and Albedo-nir in different seasons
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Fig.6 Response sensitivity of the difference of land surface temperature (LST) (nighttime) between cropland and woodland

to the difference of leaf area index (LAI), Albedo-nir, and Albedo-nir in different seasons

A5 ARHE ) R R 223K 2~3 C, BRI AT A 1 C
DL b, 31 oAb 55 M 25 AN A7 AE B A 2R 5 AR
1k, i BALAETE— & BB 5 o BFHL A LAT Y 3k
R TbRH,, T b Sz R AR v T ARHD . B S AR
M 22 TR R T 2R O 25 R, PRI LAT L
K, ZEHUR B, H 2% ) KA PGl R, T
LI AR 3 1 i B AR i 2 DR T 3R E AR X i
I BEHL I 5 2 A 2 o 3% 5 Lee % (2011) , Peng %5
(2014) (WL 25 SR 5K 2422 56 (201 5) B 45 SR —
0, Y h [ R S SO S LA SO RO, HUE
RN, B UE T 25 OB

AR SLLE A K Google Earth /51 # 14 5 MO-
DIS [l B 7= i 16 7 Bk -5 Al e o ) s 3R P
(g, HERR Y L] . 3EF Google Earth 5
TH AR AT BT SNSRI O T b 2R 7 Bl A A 1Y
TR B2, TR Aot ake G0 1 B A0 SRAE 118 i A 5 7 I 3
fitlh b=, % e 43 MODIS Fify 1 Ei 40 7 it v -4 5 4k

19 LST & LAIL, Albedo 2 22, A 50 /N T IR & 14
T[] UK AT 5% 235 SRRG B2 B AN R RE i AR 98 465 SRR
AT X b R R A8 ) A RION B IR, R B IE
i T A AR AP T IR BE AL 2E AT

T UL A S, B ) LST i 22 18 s AL AR &
I,HZFHERERW . —J5 e A B RZEN T,
T3 —J7 HE AR B KA R ST, IbAMA A Y Al
B HEIR TN . R AR R K R LR 1)
R T 7R AR () PO HF 2 R T3, DA T 52 Ml 2 ] A JIRLEE 3K
Al RS2 HB A 0] LST K bt (1) B2 R R, &[]
KA, FEIR TR S = TR KRS
Bk X R E B SRRAE R (L et al, 2017), ASC
TR IRHIRL ] LST 22 22 % LAT 22 2% Wi 17 450 J% 32 i
L PT RE SR A KA AR A G . FLARTHT &, Akl
R 78 & K78 SNE R — il 2 SRS 3 T 7% [
AR A A St R B T ORIRAE T IR A K0 T
MRHE AR R B R AR o 5 A1, Mkl LA 25 A



706 oo R

$38%

IR R N ZE UK, Rl fEFE /R T HL R Sk B
LI ) O R 2 T NI A T R EDOR
JIN, DRUTH F R A D4, 8 18] UDRE X R B o 3 #E —
SERREE 112 T BUMKHE B BE 8K, 782 [0 308 5 )
FAXH R, T SERAL T B LST 2 25 5 LA Z 241
AHSENE, 5946 TR LST 2 255 LAL 2 22 iAH e

e ARSCH A JLASAS A 5 Tt — 2 et
T4, 52 F SRIREE AN - b ) AR SR A BR i, 76 “4lif%
TR Z T, 7E 200 X RAE 5 AT 100 X R AF A
J& T B O, Bk M Y A2 2% 1 vl P S
PRI RAE 557 22 T L AR X6 1 2 %) 2 350 s DX A
SRFE AR 2, R, A SO IR 1) 4 T R AE a5 512 1)
BEH 5 2 25038 7 Hh I 25 S5 N R (R, ]
N NN 2 A R TR T 3 N A A T T )
X, S92 222490 90 m, AR 4 T 3 1 ek
MR Z ZFBWREZ 228054 ¢, Wi,
AR SCHIFGE 43 BT . 3010 AP b 5 A0 et 9 3R vy 7T
AE Sk MR 2 20 —E LR . HIR1E
MO TE 25 A LA 2 B 1 e DX e O PB4 v
MELAPBE ) “SR0T” , B ARAR SO AT e e L% ot
Y0 Rl P B T 28 R R i R A 1 R Al A%
JG7 AEIZH X B S A R SR E T RE A
BRI ENE, 5=, Albedo B JFi it /™ 5
A%, 3 BCHe RN A R 22, P s BB M R
Albedo Z 72 /3T 46 J 10 A B 2 R T Hfth = 8%
S AT R

5% 3L Hf (References)

HNE, MERRA, REHE, 5. 2015, R /78 26 A8 AT o [
AR ZEH IR (7], £ 2R, 35(14): 4871-4879.
[Dong S'Y, Yan X D, Xiong Z, et al. 2015. Impacts of land
use/cover change in China on mean temperature. Acta Eco-
logica Sinica, 35(14): 4871-4879. ]

WA, TSI, 2010. IS RIR S 1R O0 70 ik SO o HER
HEAEWTSHERE [9]. H R, 29(6): 747-756. [Hu M
G, Wang J F. 2010. Mixed-pixel decomposition and super-
resolution reconstruction of RS image. Progress in Geogra-
phy, 29(6): 747-756. ]

I B, Tk, B A&, 4. 2013, Google Earth 5% 1% 15 [A] it
Quick Bird SR AEI T - 3 ) 73 28 b X LLBE ST 0],
ARG A2 A (A SRR D), 47(2): 287-291. [Hu Q,
Zhang J, Xu B D, et al. 2013. A comparison of Google
Earth imagery and the homologous Quick Bird imagery be-
ing used in land-use classification. Journal of Central Chi-
na Normal University (Natural Sciences), 47(2): 287-291. ]

WA, AR AR, W 2K, 4. 2018, mGIE B BRI AR
TSR BT R R [0]. 3B IR, 22(1): 13-27. [Lan J H,
ZoulJ L,Hao Y S, et al. 2018. Research progress on unmix-
ing of hyperspectral remote sensing imagery. Journal of
Remote Sensing, 22(1): 13-27. ]

IR, FFHMH. 2016, B ETROI TR 5 R B (1], M P
2, 71(3): 370-389. [Li S F, Li X B. 2016. Progress and
prospect on farmland abandonment. Acta Geographica Si-
nica, 71(3): 370-389. ]

2255, Meolt, 1CIRE, 5. 2010, VT H R i i X Ak S
PR I S AR AL RRAE [3]. N A S 2 4R, 21(10): 2912-
2921. [LiY, Yang X G, Dai S W, et al. 2010. Spatiotempo-
ral change characteristics of agricultural climate resources
in middle and lower reaches of Yangtze River. Chinese
Journal of Applied Ecology, 21(11): 2912-1921. ]

Mok ml, H MW, 1242, S 2014, RO RUBE - b 5 M 42
T B S DCBR AR BETAR (0], RRIEC AR, 18(2): 453-
475.[Yang Y K, Xiao P F, Feng X Z, et al. 2014. Compari-
son and assessment of large- scale land cover datasets in
China and adjacent regions. Journal of Remote Sensing, 18
(2): 453-475. ]

A 2013 AHY M R 2R B AR AL [D]. AL v ERE
KK [Yuan Z. 2013. The simulation of the traspiration
of the plant leaf. Hefei, China: University of Science and
Technology of China. ]

K5, FRIRAE, BFElE, 45 2010. B 5 1L b B R H
I B I S GIS A3 M7 UYL PE 2 M) [J]. HLER A B
Rl 22 3R, 12(6): 784-790. [Zhang F F, Qi S H, Shu X B,
et al. 2010. Study on the relationship between land use spa-
tial patterns and topographical factors for mountainous re-
gion: Taking Jiangxi Province as an exampler. Journal of
Geo-information Science, 12(6): 784-790. ]

WOEE, XIS, AEES, 45 2015, 20 14 b 4 BBk A
Pk AR A (AL [J]. M PR, 70(9): 1423-
1433. [Zhang X X, Liu J Y, Xiong Z, et al. 2015. Simulat-
ed effects of agricultural development on surface air tem-
perature over central and eastern China in the late 20th cen-
tury. Acta Geographica Sinica, 70(9): 1423-1433. ]

KR, AL, ¥ 4 F, 5. 2019. 1992—2017 4EHE T 253
3 ) TP EEHBAE S A5 RRE [J]. HBIEAAAR, 74(3): 411-
420. [Zhang X Z, Zhao C S, Ding J W, et al. 2019. Spatio-
temporal pattern of cropland abandonment in China in the
last three decades: A meta-analysis. Acta Geographica Sini-
ca, 74(3): 411-420. ]

Arendt A, Luthcke S, Gardner A, et al. 2013. Analysis of a
GRACE global mascon solution for Gulf of Alaska gla-
ciers [J]. Journal of Glaciology, 59: 913-924.



5 53]

WAL % HET Google Earth F1 MODIS Pl MBI A6 A RHbFE i 4o} 1l 2 T il 52 ) 707

Dong J W, LiuJ Y, Yan H M, et al. 2011. Spatio-temporal pat-
tern and rationality of land reclamation and cropland aban-
donment in mid-eastern Inner Mongolia of China in 1990—
2005 [J]. Environmental Monitoring and Assessment, 179:
137-153.

Essa W, Verbeiren B, Kwast J] V D, et al. 2017. Improved dis-
trad for downscaling thermal MODIS imagery over urban
areas [J]. Remote Sensing, 9(12), doi: 10.3390/rs9121243.

Foley J A, Ruth D, Gregory P A, et al. 2005. Global conse-
quences of land use [J]. Science, 309: 570- 574. doi:
10.1126/science.1111772.

Golestaneh P, Zekri M, Sheikholeslam F. 2018. Fuzzy wavelet
extreme learning machine [J]. Fuzzy Sets & Systems, 342:
90-108. doi: 10.1016/j.fss.2017.12.006.

Jin D C, Guan Z Y. 2017. Summer rainfall seesaw between
Hetao and the middle and lower reaches of the Yangtze
River and its relationship with the North Atlantic Oscilla-
tion [J]. Journal of Climate, 30(17): 6629-6643.

Karlsson I B, Sonnenborg T O, Refsgaard J C, et al. 2016.
Combined effects of climate models, hydrological model
structures and land use scenarios on hydrological impacts
of climate change [J]. Journal of Hydrology, 535: 301-317.

Knyazikhin Y, Martonchik J V, Myneni R B, et al. 1998. Syner-
gistic algorithm for estimating vegetation canopy leaf area
index and fraction of absorbed photosynthetically active ra-
diation from MODIS and MISR data [J]. Journal of Geo-
physical Research Atmospheres, 103(D24): 32257-32275.

Lee X H, Goulden M L, Hollinger D Y, et al. 2011. Observed
increase in local cooling effect of deforestation at higher
latitudes [J]. Nature, 479: 384-387.

LiJ Y, Dodson J, Yan H, et al. 2018. Quantitative Holocene cli-
matic reconstructions for the lower Yangtze region of Chi-
na [J]. Climate Dynamics, 50(3-4): 1101-1113.

Li S F, He F N, Zhang X Z. 2016. A spatially explicit recon-
struction of cropland cover in China from 1661 to 1996
[J]. Regional Environmental Change, 16(2): 417-428.

Li X X, Zhang X Z, Zhang L J. 2017. Observed effects of veg-
etation growth on temperature in the early summer over
the Northeast China Plain [J]. Atmosphere, 8(6). doi:
10.3390/atmos8060097.

Ludwig A, Meyer H, Nauss T. 2016. Automatic classification
of Google Earth images for a larger scale monitoring of

bush encroachment in South Africa [J]. International Jour-

nal of Applied Earth Observations & Geoinformation, 50:
89-94.

Mahmood R, Pielke R A, Hubbard K G, et al. 2014. Land cov-
er changes and their biogeophysical effects on climate [J].
International Journal of Climatology, 34(4): 929-953.

Newbold T, Hudson L N, Hill S L L, et al. 2015. Global ef-
fects of land use on local terrestrial biodiversity [J]. Na-
ture, 520: 45-50.

Pei F S, Wu CJ, QuA, etal. 2017. Changes in extreme precip-
itation: A case study in the middle and lower reaches of the
Yangtze River in China [J]. Water, 9(12). doi: 10.3390/
w9120943.

Peng S S, Piao S L, Zeng Z Z, et al. 2014. Afforestation in Chi-
na cools local land surface temperature [J]. PNAS, 111(8):
2915-2919.

Ramankutty N, Foley J A. 1999. Estimating historical changes
in global land cover: Croplands from 1700 to 1992 [J].
Global Biogeochemical Cycles, 13: 997-1028.

Schaaf C B, Gao F, Strahler A H, et al. 2002. First operational
BRDF, albedo nadir reflectance products from MODIS [J].
Remote Sensing of Environment, 83(1): 135-148.

Turner II B L, Lambin E F, Reenberg A. 2007. The emergence
of land change science for global environmental change
and sustainability [J]. PNAS, 104(52): 20666-20671.

Wan Z M, Li Z L. 1997. A physics-based algorithm for retriev-
ing land- surface emissivity and temperature from EOS/
MODIS data [J]. IEEE Transactions on Geoscience and Re-
mote Sensing, 35(4): 980-996.

Wang Y Y, Li G. 2014. Analysis of “furnace cities" in China
using MODIS/LST product (MOD11A2)[C]// Geoscience
and Remote Sensing Symposium. IEEE, 2014: 1817-1820.

Yan J Z, Yang Z Y, Li Z H, et al. 2016. Drivers of cropland
abandonment in mountainous areas: A household decision
model on farming scale in Southwest China [J]. Land Use
Policy, 57: 459-469. doi:10.1016/j.landusepol.2016.06.014.

Yebra M, Dijk AV, Leuning R, et al. 2013. Evaluation of opti-
cal remote sensing to estimate actual evapotranspiration
and canopy conductance [J]. Remote Sensing of Environ-
ment, 129(2): 250-261.

Zhang X Z, Tang Q H, Zheng, J Y, et al. 2013. Warming/cool-
ing effects of cropland greenness changes during 1982—
2006 in the North China Plain [J]. Environmental Research
Letters, 8(2). doi: 10.1088/1748-9326/8/2/024038.



708 o R % R #5384

Effects of cropland and woodland conversion on land surface temperature
based on Google Earth and MODIS land data:

A case study of the middle and lower reaches of the Yangtze River Basin and its adjacent areas

ZHAO Caishan', ZENG Gang’, ZHANG Lijuan', ZHANG Xuezhen’

(1. Heilongjiang Province Key Laboratory of Geographical Environment Monitoring and Spatial Information Service in Cold
Regions, Harbin Normal University, Harbin 150025, China; 2. Key Laboratory of Meteorological Disaster, Ministry of Education,
Nanjing University of Information Science & Technology, Nanjing 210044, China; 3. Key Laboratory of Land Surface Pattern and

Simulation, Institute of Geographic Sciences and Natural Resources Research, CAS, Beijing 100101, China)

Abstract: Revealing the impact of land conversion on land surface temperature is of great significance for
understanding the climatic and environmental effects of human activities. Statistical analysis based on satellite
remote sensing data is an important method to reveal the impact of land use/cover change on land surface
temperature. However, in areas with high landscape fragmentation, the mixed pixel problem has become the
main limiting factor for the use of this technology, especially in the Yangtze River Basin in southern China. In
order to break through this limitation, 200 pairs of pure pixels of cropland and woodland were identified on the 1
km scale based on Google Earth high-definition images. Then, the differences of land surface temperature (LST),
leaf area index (LAI), and albedo between cropland and woodland were compared and analyzed by MODIS land
data products. The results show that the LST of cropland was higher than that of woodland, and the temperature
differences between daytime and nighttime were about 2.75 “C and 1.15 “C, respectively. Daytime temperature
difference between cropland and woodland showed double peaks (May and October, with temperature
differences about 3.18 °C and 3.33 °C), and nighttime temperature difference showed a single peak (July, about
2.46 C). Temperature difference varied from place to place. The highest temperature difference was in the west—
in the area bordering Shaanxi and Gansu Provinces, annual average temperature difference was about 3.83 C;
and temperature difference was the smallest between central and southern Anhui Province (about 1.1 “C). The
difference of LST between cropland and woodland is mainly caused by the difference of evapotranspiration. The
LAI of woodland is larger, the evapotranspiration is stronger, the latent heat flux from the surface to the
atmosphere is higher, and the sensible heat used to directly heat the surface is relatively less, so the LST is
relatively low. The above results show that the conversion of cropland to woodland in the Yangtze River Basin
and adjacent areas has a cooling effect by increasing evaporation in recent years.

Keywords: cropland and woodland conversion; land surface temperature; middle and lower reaches of the Yang-

tze River Basin



