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Fig. 1 Location map of the Qinling-Daba Mountains of China

and the typical areas
2 BRI

2.1 HRHE

21| v IR R e (VR 7N L ¥ QARG o i -
U BRI L AR R A BR AR BR R
PACHE THT R L R g EE B
— ROk B, LA T R B R, L A R RN B
MO B A JR R 9 R 17D i 4% 5 o
L X9 7 VR A8 AT A S e R LR R T
JIE IR R 1w 43 A 2 T oL i AR X T VAR A S TR
FEAEA o A B ok T 5% S it K R Chittps /7
earthexplorer. usgs. gov/ ) & i i) 25 [6] 43 HE K N 30 m
9 DEM 28 [ Ly 3 ol 44 35 T oy 32 i 0 2 A )
1 2% X AR BB 58 45 S , 0 1% R 17 43 A 4
2 iR o
2.2 ERHE

B I P 581, L 2R PR 2wl A TR, 52 oK



616 IS T 40 % 5 4 1)
F1 MODISHEFRRERNES
. 105°E 110°E N Tab.1 Variables obtained from MODIS data products
A MODIS %3z it PRI A ik 25 [8] 53 B/ m
z MOD11A1 IR B (LST) 1000
? MODO09AL I —A4k K 73 15 B (NDWL) 500
MODI13A2 A — AL R Bl 5 B (NDVI) 500
; &Iﬁj MOD09AL H 2 B (ATD) 500
é m £_okm MCD12Q1 b AT (LCT) 500
MOD16A2 W (ET) 500
£
& H AR fe Bt 5 an s
Nowi = o B (1)
R, + R,

WeRE/(°)

| . ___
Z 41.65 0 0 100km
(=
“ 105°E 110°E

2 FBUSBEEMHEEE:
(a) i 5 (b) 32
Fig.2  Aspect and slope map of the Qinling-Daba Mountains ;

(a) aspect; (b)slope

P50 5 7 o AT 50 55 019 £ B AL A ALY ONDVIT
LCT™" NDWI'™ F1 ET*', % )&% Terra-MODIS TJ
SR T2 I B HE 7 BORS B, AR WF 5 4T MODIS
T2 RS R IO S i A B b SRR B . AR o T R
J& Terra-MODIS 7= [ ( https://ladsweb. modaps.
eosdis. nasa. gov/) , L tF £ MOD11A1 MODO9AT |
MODI3A2 MCDI2Q1 #1 MODI16A2, M H 3k B3 i
HF BRI LR 1,

Ak $E 2008—2018 4 A MODIS %% 4% 7= 5
(F1),5T MRT(MODIS Rerpojection Tool ) %X {4 X}
MODIS % 41 3 47 58 i 52 78 0 3R 57, e 4 oy
WGS-84 AL FRBE , 73 Bl A ) 79 7 i i $2 B LST
NDVI ET A1 LCT i Be B4 , M4l 22 20 (1) #1(2) 3
% NDWI Fi1 Alb, ¥ NDWI NDVI Alb LCT #1 ET
B ) 23 0] 73 B HOE TR AEF 1 km 23 HER, S
UL 25 (8] 43 HE AR A — B, IR 5 2008—2018 4F
LST NDWI NDVI Alb 1 ET 5 % $i5 (1) 4F F ¥ {H .
LCT M g2 MR 4k 70 0 17 28, BRax 17 2B ek
RUAN AR SORE 2008—2018 4F & A 72 i) BE W 2R B €
SCRCH Al 2R AL

X R, F R, 435 MODO9AT %4 7= il 9 Ik B 2
Fi B 7 Bl o
A SCR AR IFAR Y 9 75 1 3 F MODIS 136 R
S S BRI Oy
Alb = 0.160q, +0.291a, + 0.243q, +
0.116a, +0. 1125 + 0.081, — 0.0015
(2)
HH, o, 050, a5, o, 575 MOD09AT 1 #E
7 W B 1B 2 IR BE 3 U BE 4 B BES R B
7 B
2.3 HRHE
2,301 (LRI IR RN 4 B
a2 1l A 38 L AR B AR AR L X
i U A A AR R 0 . HO2 X
ARG AT AR AN DL B X R T B3 R A A
52 2V, T A5 1 A G R AR Ak R AR A AR
KIGAHEVE o % ) 3t 2 5L B 76 o 1 5 4 %
Z [ i e 2y BRI AE W B AR o T
U/ DA % T R B A ) s S B DA R G —
4 A T A L 3 U 23 A 4tk 3] [ VAR A BE O Ak A
R AN aE R Y R 25, A B 58 R 1T MODIS 1
2008—2018 4F [ K F Hb 3% I B (LST) 34 {8 % 44
T 7% 1 b S HE P 3B Y g A~ e A8 XL 1) 48 B
P30t R AL 1 LST, 43 B AS [7] DX 3 L 44 38 3 280 0 1) A2
b, I 5 T O[] X 8k ) i 4k LST 55 3 fe /IME 1 22
B R Ay B L AR 398 L 88



Vol.40, No.4

i 35 S AR AN 28 B A X 2 T 1Ll 09 3 A 1 617

2.3.2  BHEMLERAK

Biti HL 2% #k ( Random forest, RF) By Breiman'®’ F
2001 AR 4, & — T2 28 | [l I A5 AT 55 B 4R L
¥ )7 BEHLAR AR BT 2 N TR A A Y
VRSP OETE Tl R A ROBE BT LR
S 2R MU T A M 2 T R AN A PR R 2 8] Y O AR Y
W o AR SOk R IR I 4R 2 IR 1R O TN AR
5 R FEAE LA XY LAT NDWI NDVI ET,
LCT Alb Slp . Asp FI MBE JUA™ 45 b5 /E S 5% mi B
To RAMPLARAE . LST 552 m K+ Z [a] /9 4F
2 M S R Y, o3 BT R e TN T ] T R M 3R L
A

LST = f(LAT ,NDWI,NDVI ,ET,LCT,
Alb ,Slp ,Asp ,MBE) (3)

I i Bl L AR AR A 52 S0 B2 48 b 32 A P R . Ak
T Gini 5 B V- X A 4l B2 Wl /D 95 b FEE T 4% A
(out-of-bag, oob ) ¥t i ‘B i (1) - 5 A5 8 0 2> 45
B T A A A R A e T
JIE e i B L2 i R A TRORE R 2 S e R L 2 0%
ZEAR RN R AL B H AR I O 25 R BE Y
A6, RF B3 ) FI 4% 4135 25 (oob ) T3 45 iF 45
A M (V) — RO UL, R AE A2 i Y A2 f 51 R 4%
S ZE Y HE TR, VT /b B 22 Ul ] 8 R
FEVEMOR Y AR SRS VI AT A R R i 1 T
Xof () 7 4 L 2 il B A A B i EE L A R KT AN AL A
A [ i A XX L A 5 30 0L 145 )

3 SR I

3.1 HBEWihithR R BRFMAF L3 LEEES

va:spAl

Z Ll 2008—2018 4 - 2 4h 3% 1L i A8 k4
BN —1.37 °C ~26.18 C (& 3a). 7G4 FH
b 2 Uk B 2 T v A, o SR AR b 2R IR 6 F VY
DX 3k, o5 e 2R B AL T AR, &1L Hb 2008—
2018 45 H g4k (1500 m ) M 38 i )3 35 %2 4 A5 72 7Y
FEFIZR B4 Hu X, 1500 m 1 4k b 2 B2 A8 £k 5 Bl
11,01 °C ~23.60 °C (& 3b), ¢ P4 [ 4 [6] 1 4K b
Uk i e A I AR AT A g o VL A3 A A P AL SR AIG
AL T ACR X o 2 W28 B Ly b g AR 3 3 R R
K6 Jd 2 PE R v T AR

i FH B AL AR AR 325 20 7 25 B L U A 5 i B 3

105°E 110°E

(a)

34°N

& LsTrC

__ __|
z 26.18 -1.37 0 100km
(=3 O
o

(b) N

OZ : oo - . - _
<
o

LST/°C B

.. __ ]
z 23.60 11.01 0 100km
(=1 —_—
o

105°E 110°E

3 2008—2018 £ 34 LST.
(a) ZE T2 LST; (b) 1500 m iR 4745 LST
Fig.3 Mean annual LST from 2008 - 2018 ;
(a) mean annual LST in the Qinling-Daba Mountains

(b) mean annual LST at elevation of 1500 m

5[] gt AR TR AR IR G R X B A 1
[ VA P b, 3 T 22 ) g M O (P < 0.01, R =
0.81), H v Alb F1 ET f5 VI & 4> %1 4 0. 88 A
113 (& 4), Alb 7EZ% B 1l M %t Ml 2 8 35 %00 1Y 5%
WA T BT, Z& 2 13 Alb F1 LST 25 4k f #5441 7] 5
ET #l LST 25 fb a5 AR B (I S5) o L4385 3R 85007
KRB AL T 94 6 3 25 By, [\ 4k 7 1 LST
19.00 °C ~21.00 °C, Alb %} 0.16 ~0.18, ET K
418.44 ~ 459.37 mm; LA 38 TR SON B /0N 1) DX 867
Frode R # B, 8l 4k 1 LST O 13.40 € ~
14.00 °C, Alb % 0.12 ~ 0.13, ET 3} 471.33 ~
487. 52 mm; 75 3% DX 3 L 1A 3G 3R %00 Bl ATb 1 35 K
MG b ET B3 K/ .

04+ ------------+---- [ e R

Alb  ET NDVI NDWI Slp MBE LAT LCT Asp
R B

B4 EMBEEEEE(VIOM

Fig.4 Importance analysis of explanatory variables



618 W Hh 2 R 40 % 55 4 W)
105°E 110°E 112°E 108°E
(a) N () " ) .
: ey | g R
§ | x v
7 Alb - QT/OC e
g 032 0.08 9190 km 2437 1554 0 sokm| | 19%3 40 0 50km
(=3
® N 110°E 104°F
A () )\1\ (d) ;\
z = g
s
| ety | oR®,
Z 4
<
Y |
ET/mm .
Z 78142 .14 0 100 km LST/°C ET/C
® 2278 1317 0 50km| |17.06 448 0 50 km
’ 105°E 110°E
BS5 ZBWLiFEHERE (1500 m) 4k Alb F1 ET Bo6 MAMAXEHREGDRXEFEHERL

=8 435 : (a) Alb; (b) ET
Fig.5 Spatial distribution of Alb and ET of average elevation

(1500 m) in the Qinling-Daba Mountains: (a)Alb; (b)ET

3.2 ZELMEABR MR K BRMEHEITIG

i 34 R B9 B M
3.2.1 MR X R ) i Ak b G IR B 0 A

AR A P A B A XS 1 i AR AL Y b 2R R O3 A
(B 6) R4 11 e i IX 3k (749 m) | [F] i #& LST b
AR, U T AR BB . R ER A E T R AR LST Oy
19.12 C ~20.00 C,dt#R A 19.22 C ~20.43 C,
PEE A 19.18 C ~20.43 C, HK#H M 19.17 C ~
20.09 °C, FHIMR A 11 K Ji 20 DX 3k 1 A 34 38 25007 b
e P I, P e AR I LA 398 3R A8 B e 43 A1 AE P AL
ONNERR =Y 1 & (A5 o N s S = S A
A ] JE 1 X R (1083 m) | [A] ¥4k LST ¢ 74 g ] =
| 8 A A o =TI 2 1 = O [ 7 7 P N €
17.95 CLL b, ZRAL# K 17.92 C ~18.59 C, h %
PRARBEARIX Sy 16. 87 C o 3= B b e 22 1 J) i IX 4 1L
PRI AN R VS R 1) AR b 2SS BRI S T e A 1L
A1 T 280 B R4 A A P4 R R Y AR 1L B de /g3 AT
TE AR DX S B AR AR X, R E L B A i X
(1441 m) , [AliE4R LST B JUAR, AR PH A2 46 A i 3
B 4% B [ ¥ B LST 7% 15.36 C Lk I, b ¥ H
13.55 °C ~15.08 C, F KA &7 Xk

LST 5345 B : (a) fRZFE 105 (b) KA (o) MRS (d) 1l
Fig. 6 Distribution of LST at average elevation
in four typical regions and their surrounding regions
(a) Funiu Mountain; (b) Taibai Mountain;

(¢) Shennongjia; (d) Diego Mountain

IR AN e R AT, AR P AR AR AN 2 LA TR R
% KA 78 g AR R B /N A ZEALER I JE B
% 11 K S8 i X (3292 m) | [A] g4k LST Jb s ma ik,
[ N (A B 7 N o [ 2 I e
HLp [ #E 4% LST Wy 12.93 °C ~ 13.16 °C, L ¥
12.39 °C,p#B o0 11.24 °C, F W%l ) A i X R
LLy A 3 30 25 b = mA A, P R AR, B S b 1) AR R
A S AT A A, L A 34 I A5 N e K 4 A AE P A B
1112 4 N o R A B 5
3.2.2  BRTRIX ) Hb R S R R R 28 HICR X S I RN
) 5% We)

3T LA e B 2R 5[] T 4 e U B 4 24 L 1Y)
KRR TER AL B I i X B s 52 ) [+ 5
[l ¥ 4 ML % TR 2 1) S M 06 (P < 0.01, R =
0.81),Alb ET ff§ VI 43 %1% 0.75.0.57 (& 7a) ,i%
X 55 Alb X i 26 3 15 A0 1 5 i AR F MBEET 1i§
T Alb Fl LAT, [A]¥4% LST 5 Alb (ET 2 8L K 1y
A (& 8a) o [H] ¥ 4K 1L 1A 3 L A% N o e 1)
[CE  Alb % 0. 14, ET 2% 456. 86 mm ; 11 {A 38 35 %% 1o
BARMIRE 7 5 Alb 3 0. 15, ET 2 498. 40 mm, 763%



Vol.40, No.4

i 35 S AR AN 28 B A X 2 T 1Ll 09 3 A 1 619

DXl LA 1 TR 500 BE A 1 3G G s/ L BE ET (1)
B R Z )N

e B8 Ko JHL ] 31 X Sl 3k 48 5 i) K] - 0[] 9 4
FE Z ) B (P <0.01, R* =0.72), Alb,
ET [ VI 4354 0. 48 0. 88 (& 7b) ,iZ X 3k ET % b
FEHG IOV (1) 7 Wi dc K, Alb KT ET, Alb #1 LST
Ak fa B AR R, ET F1 LST A8 b #a #4540 52 (& 8b)
Ly 85 38 200 e R 19 AR L B, Alb Sl 0,17, ET S
522.89 mm 5 LA 3% IR0 Fe AR B A AR AR X, Alb
9 0.13 ET 2y 566. 87mm £ % X 35 111 {4 3% 15 %5 W
Bl Alb 35 OZ W R BE ET 3 ROZ 8] .

K P L B ] 33 DX 35k 2 5 ) [R R[] 9 4K
LST & #4156 (P <0.01, R* =0.62) , Alb ET f#) VI
{E 43314 0.68.0. 62 (& 7c¢) , 1% X4k Alb X L {4 3
TN B S e Fe K, ok Oy BT, Alb Fil LST A2 4k it
FAAE ,ET F1 LST AR b 5k i (1 8c) o LA I
R4 B 5 B 3k [ B, Alb 24 0. 17, ET 2 397. 66 mm;
Ll 38 5L %800y f IR JE L, Alb S 0.13, ET
496. 85 mm, 7E % X 35, Ll 44 3% I &40 B Alb 35 R
WG K, B ET 34 R B s/

1% 110 K L 31 X, 3 2 52 ) TR R[] i 4R
LST B #E A K (P <0.01, R* =0.73), Alb ET f§ VI

(2)
0.8 i i i

) Y7 S
> 04 i i i

0.0

Alb  ET NDVI NDWI Slp MBE LAT LCT Asp

Alb ET NDVI NDWI Slp MBE LAT LCT Asp
R
B7 MAARARERERAIREHEEEEEN:
(a) (R4 5 (b) #ARE; (o) KE I (d) 21l
Fig.7 Importance of explanatory variables in four typical regions
and their surrounding regions: (a) Funiu Mountain;

(b) Shennongjia; (c¢) Taibai Mountain; (d) Diego mountain

112°E 112°E

i
)

A-lb - ET/mm
_
0.17 010 0 S0km| |7g5%3 190300 50 km
110°E 110°E

32°N

A-lb - ET/mm
020 0.10 0 50km| |go0 10 28021 0 50 km
108°E 108°E
(©) N | |© N
£ ST, X7
& ' ! Ir r t
A-lb ET/mm
022 010 0 s0km| | 74639 246010  S0km
104°E 104°E

£
&
ﬁb - ET/mm
| N
0.22 0.08 0 50 km| [573 57 270.50 0 50 km

B8 MWAMAMXEHREMBRXE AlbF ET ZEH5HE:
(a) R4 105 (b) MR 4E; (o) K (d) &1l
Fig.8 Spatial distribution of Alb and ET in four typical regions
and their surrounding regions: (a) Funiu Mountain;

(b) Shennongjia; (c¢) Taibai Mountain; (d) Diego mountain

539024 0.30.,0.49 (|8 7d) , iZ X 3 Alb (ET X (1 {4
R A 2 AR T NDVI, Alb (ET il LST A5 fk 4 3
AHTR) (T 8d) o 1L 184 3 2550 07 e e 19 B il B Alb 2Ry
0. 128 ,ET 2k 487. 83 mm ; 111143 i &4 0 5 A1 19 2%
B Alb 0. 127,ET 4 437.21 mm, 7% X 3k 1l {&
SR 5N B Alb 3 KB M g K, B ET 3G K &
N



620 th

40 %5 4

3.3 FELMERABXLFIEREEMHE

28 UL 1L L AR 59 2800 DAY 1] R 2 B S R
THEsrB e (F9) , PHAEHS A3 T RO ok, A
33 9 BE AT K 1372 °C, AP b L (A R O B )
TE VA~ S DX AR A L B J 3 DA B 9 o i
$4 AR B B, 1L A i 9 % AT gk 8.83 C 5K H
L % H ] i X3 R 86 T 25T P e S L AR 39 i 2
BB RO, LA I 53 2 RT3k 7. 65 °C 5 M A 2R
o] i DX 38 A 6 L AT VG g R 2k B A O LR
SR FTIK 9. 60 °C 5 3k 1t S M Pl 10 DIl (A3 it 7 7Y
Ll A R 2k B A Ok, i R R SR AT 0k
12.58 C (K 10) o 7EPAS LRI X, 3% e LT 4
DX 3114 8l A58 7 e A, R L B G i DX g i
RO de /N o

}\I\
z a
&
ﬁ//c -
Z 13.72 0 0 100 km
(=3
“ 105°E 110°E

B9 Z=BEWl# 1500 m & iEH LSTEEZSHE

Fig.9 Distribution of temperature difference of

LST in the Qinling-Daba Mountain at 1500 m

4 g
4.1 WH R B T %

Ly AR 38 38 2550 107 2 et 2 I M PR R 9 A R
Ml F1 o DA Ly A 39 3R 45500 o bl w R R LA P A
Sl SR BB A5 A [ e By SO R O R
(410.6 °C/100 m"™"" ) HH55 1144 Py 40 R i 4k 5 2%, %
FIFH MODIS 1 5 3 B 1155 (L Ak N 41 [ 1 4k 7 34931
e = e s R A (S S BITR Y - R VA o
Rl R AT R L KSR o A R
F95) T T L A 0 S 5 58 B A s L b X, L
Ao g, I H I XA R SRR
Ze B R R AR T 0 R R A S B Y 1
DAL A71 [) T A L 25 ik B L A 398 3 2550 A AE A 22 AN T

112°E 108°E

"
2
&
&

i %/°C R 7%/°C
| __ a
8.83 0 0 50km 7.65 0 0 50km

ﬁﬁ/"c - it 22/°C
- -
9.60 0 0 50km |1258 0 0 50km

)

B 10 mASEXEHEGDXEFHiERS LST
BESHE :(a)RAFW;(b) KA (o) MALE; (d) %1
Fig. 10  Distribution of temperature difference of LST in four typical
regions and their surrounding regions at the average elevation:
(a) Funiu Mountain; (b)Taibai Mountain;

(¢) Shennongjia; (d)Diego mountain

ENE

MODIS LST %4 i it 1 % 22 1% 3t 2 il & A2 1k,
B ST BRI IX Py A1 R R B 22 S AR
FEVEFEA [ DI ) i 5 LST w47 % bbbk 4 7 2% F
W R e 38 D 3R e A [ 9 Al A 1 [ 9 4
WORBI IR ZE . A5 R R M, B TR T $R LST By 1l 4 3
T RONE 872 A 5 DX OB (R st I AR W) 5 o e AR 2
L 3 DXL A 8 3l 50 1Y 2 T R SRy 2 I v A, 7
BT ARER o ALY IR R B A B A
% 4937.07 m, m TR PEBEE NS ElER
AR PE L 257 2 i 45 582. 21 mo MBI Mb #4119 72 {1k
B ICHLFE 1 A 1L U 9 SR 0% ™ AT
128 SR HR 11 L DX 3 LA A L R il A
PR MBS o R EE T 2 T A 33 P A
32 B A7 TR A TR AL A Bl 2R, R OR R4 B 2
114 328 SR L R s, g )2 DR Tl R A S
T JEE 1L A 3l A5 o3 A AR R B P 2 S A B AL
AR AT G B AL B
4.2 Z= B3 AR L A S O 38 R O 2 M B 3R

LA 39 0 20 1) 78 A 45 8 i) RUBE A %, — ok



Vol.40, No.4

i 35 S AR AN 28 B A X 2 T 1Ll 09 3 A 1 621

U, 25 ] RUBE R /I, ol A 38 38 2500 1) A8 b ek 5 4, 5%
Mg R 280 22 4 R RUJE A BRORUBE ol Rk 1% 9 35007
L A O AR R SRR L
R 5 WK R il B R R R T g B A O S
H AT IR B P S 80 11 2R PN 30 LA 398 L 2000 1) A ¢ o
AW FE 1 R 22106 5 1 2 TR A S 1 2 52
P2, i 3% I B % ONDWI NDVI 26 ikt 3
e S5 0 LA G R N 45 G, R DR LU AR 0N A BE Y
B 7 R R e 08 R [ O R BE o A S R
FTMIFEAR A 1l K A AR R R i X LA S
AN BEE ET 13 2 2 3 /0 () %, 308 ET Xt
Ly A 348 3 A5 R 7 AR TR P SE R X — BIF 5 A 5 S T
2FHRT ET SHRBIERLZTRMAYS .
ATt 2 W B AR 4 1 K2 8 30 b X A 4k 3
TN BE A Alb B 3 K S B8 ks #, UL Alb X
LA 3 9 2407 7 A A T ) 5% ), M 3 B BE R ) 4 v
A — 5E [ 3 I AR, 5 Robert™ B HF5E LW A .
VU ZR 08 1 2 1l K2 J8] 71 DX 388, NDVI X {4 856 19 5%
a3k T ET 1 Alb, 3f H NDVI BRI, 1L 12 38 Y 550 n7
R, ND VI &8 A PR 28 0T 7 1 4R 3485 98 2% 0. 114 5% il
FEARR AT LA TIRAMISE o IR 38 3 HE 19
AR AL X 7K A B T4 N T R L b A 40 A PR AR
M), 5 i 7K A P it 352 3R 6 A St P 0 3 BE L 3 )
FETHT = B AL Ll AR E R AT R A KRR
WA RN R B R A 4% 255 % UL AU e B N
F AR 2SR 45 5 R By 8 L AR AR AR A o

A SCHF| B MODIS 1 DEM c#i , #2550 T F Bl
iy S P R DY S Y D (PR A= 1 R L R
5 1L B R 300 DI ) SF- Y i 4R A SRR 43 B Ll
A1 TR 0N, AR A, I 4R B b 2 UL B AR A A DG 17 Hh
P IRA ZEHUR S IR ARAE N R 1, 2R TRl
BLARAR 75 20 B A (] 52 0 PR - 15 ) v 4 b 30 3R 1)
K Z, HANFEIX I ET F1 Alb X6 LU {4 39 Y 2% W 1 5%
M, FEALELT

(1) A [m] D3 L 4 338 3 50 0 722 Ak A7 e W b 22
5o ZE 0l M ol A IR 0N I A5 TR RS R O P AR
G, m PR e T AR 5 AR A 1l B ] 3 DX I A 4 i %
N7 ) 5[] A Jey e I v T A, P T AR R 5 A R 2R K

J i DX s M P R 1) A Ib S B BRI S T R
K L R A i DR e e AU, AR P AR AL 1 5 ik
Ly R Ji i DX 3 A A, PG s AR, AP b ) A e
kR E

(2) 7 [ DX 358 [ 98 4 e, 2 Yk B85 R 5% 1 [R] - 22 [l
HFIER ZEH X (P <0.01, R 7£ 0.62 F1 0. 81 =
(] ), Alb St LA 38 330 174 5% i) 7 AS ] X388 A7 7 22
So K K 1 K Alb 5 5 K, VI E A 3
0. 68 4Rk 4= 111 2 J& 31 X 3%, Alb 0 {L Rk T MBE, VI
A E) 0.75, FEMR AR 1L KR KR Alb 1 &,
L7 348 3 2550 7 2 ek /N s AL R AR A 1 B i X
A, Hofth = A~ B X ALb 1L AR 386 308 55007 11 8 3 R
R — 30, U0 M2 Sz IRy, LA 1 R A0 K

(3) ET Xif 1l 4 38 3 507 1) 52 Wi 78 R [R) X 38 A7
TEZE S5, AR KR 1 K, ET X 6] 4 LST fY 5%
We fe R, VI(EL IR B 1 0. 885 7E 3% th S il 30 IX &, ET
S AR T NDVI, VIE IR 3] 0. 495 78 K 1 1L A& i i
X3, ET 2k T Alb, VI{H 53] 0. 62, Frikil
Hh, Hoftl = A d R X ET g, LR 58 3R R0 )

5 2 3Lk ( References)

[1] QUERVAIN A D. Die Hebung der atmosphirischen lsothermenin
der Schweizer Alpen und ihre Beziehung zu deren Hohengrenzen
[J]. Gerlands Beitr Geophys, 1904, 6.481 - 533.

[2] YAO Yonghui, ZHANG Baiping. The mass elevation effect of the

Tibetan Plateau and its implications for Alpine treelines [J].

International Journal of Climatology, 2015, 35(8) 1833 — 1846.

DOI: 10.1002/joc. 4123

WKk Bk F. BT MODIS Bd0m ) 7 58 e 50l 15 38 3l 200z

fEET]. M4, 2013,68(1):95 — 107. [ YAO Yonghui,

—
w
[

ZHANG Baiping. MODIS-based estimation of air temperature and
heating-up effect of the Tibetan Plateau [J]. Acta Geographica
Sinica, 2013, 68(1): 95 -107] DOI. 10.11821/xb201301011

[4] XRA, WAR, R, 5. 5T MODIS % 1L Tl A5 HE
SRS AT (T]. HBFSY, 2020,39(3) :735 - 748. [ LIU
Junjie, PAN Ziwu, QIN Fen, et al. Estimation of air temperature
based on MODIS and analysis of mass elevation effect in the Qinling-
Daba Mountains [ J]. Geographical Research, 2020, 39(3) .735 -
748 ] DOI; 10.11821/dl1yj020190164

[5] ZHANG Baiping, YAO Yonghui. Implications of mass elevation
effect for the altitudinal patterns of global ecology [J]. Journal of
Geographical Sciences, 2016, 26(7) : 871 —-877. DOI. 10.1007/
s11442 -016 - 1303 -2

(6] BhokE, tR3e, TR F. 580 SR IR RO A T 17 35 (9 52 1
[J]. HuFf244R, 2015, 70(3):407 —419. [ YAO Yonghui, XU



622 W % 40% 554
Mei, ZHANG Baiping. Implication of the heating effect of the Southern Hemisphere’s highest treeline [J]. Mountain Research
Tibetan Plateau for mountain altitudinal belts [J]. Acta and Development, 2016, 36(2) ; 213 -221. DOI. 10.165/MRD
Geographica Sinica, 2015, 70 (3) :407 - 419 ] DOI. 10. 11821/ - JOURNAL - D - 15 - 00027
d1xb201503005 (18] Ekf, sk A ¥, sk3CA, . BB Z & Rk Lkl sl v 2 it

(7] k&, dhck, B35, 4. IRSRprR [ M]. Jbat: pER RWEFE[T]. HEAF 5, 2017,36 (8) ;1467 - 1477. [ WANG

B2 1 BR 4L, 2015, [ ZHANG Baiping, YAO Yonghui, ZHAO Fang, Jing, ZHANG Baiping, ZHANG Wenjie, et al. Quantitative
et al. Study of mountain mass effect [ M |]. Beijing: China research of mass elevation effect in Colorado Rocky Mountains
Environment Press, 2015 ] [J]. Geographical Research, 2017, 36(8): 1467 —1477] DOI.
[8] ZHAO Fang, ZHANG Baiping, ZHANG Shuo, et al. Contribution 10. 11821/dlyj201708006
of mass elevation effect to the altitudinal distribution of global [19] REAR T, WokE, sk E . 75 OB R B3 iy 1l 44 %% 7
treelines [ J]. Journal of Mountain Science, 2015, 12(2) : 289 - st L FgE )], MBRAFSY, 2020,39(11) ;2568 —2580. [SUO
297. DOI: 10.1007/s11629 —014 -3223 —x Nandongzhu, YAO Yonghui, ZHANG Baiping. Comparative study
[9] ZHAO Fang, ZHANG Baiping, PANG Yu, et al. A study of the on the mountain elevation effect of the Tibetan Plateau and the Alps
contribution of mass elevation effect to the altitudinal distribution of [J]. Geographical Research, 2020, 39 (11). 2568 - 2580 ]
timberline in the Northern Hemisphere [ J]. Journal of Geographical DOI: 10.11821/dlyj020190755
Sciences, 2014, 24(2) : 226 -236. DOI. 10.1007/s11442 - 014 [20] BARRY R G. Mountain weather and climate [ M]. London and
-1084 -4 New York: Routledge, 1992.

[10] HAN Fang, YAO Yonghui, DAI Shibao, et al. Mass elevation [21] #FF, marse, Wi, 5. BT 800 FE BOZ 4K
effect and its forcing on timberline altitude [J]. Journal of FILA IR B R [J]. 10224k, 2016,34 (4) :496 - 503.
Geographical Sciences, 2012, 22 (4). 609 - 616. DOI. 10. [ ZHAI Danping, BAI Hongying, FENG Haipeng, et al.
1007/511442 -012 - 0950 -1 Temperature lapse rates in the Taibai Mountain based on

[11] GRUBB J P. Interpretation of massenerhebung effect on tropical meteorological data and remote sensing image [J]. Mountain
mountains [ J]. Nature, 1971, 229 44 —45. DOI. 10. 1038/ Research, 2016, 34 (4) . 496 - 503 ] DOI. 10. 16089/j. cnki.
229044 a0 1008 -2786.000155

[12] BARRY R G. Mountain weather and climate [ M]. New York: [22] TANG Zhiyao, FANG Jingyun. Temperature variation along the
Cambridge University Press, 2008. northern and southern slopes of Mt. Taibai, China [J].

[13] LEUSCHNER C. Timberline and alpine vegetation on the tropical Agricultural and Forest Meteorology, 2006, 139(3) : 200 - 207.
and warm-temperate oceanic islands of the world: Elevation, DOI: 10.1016/j. agrformet. 2006.07.001
structure and floristics [J]. Vegetatio, 1996, 123 (2). 193 - [237 sk, WhacEr, ma, 4. WA mEENIRRTE—UA
206. DOI: 10.1007/BF00118271 W EI[T]. HER(E B R 2% 2% 4], 2012,14(5) ;562 - 568.

[14] FLENLEY J. Ultraviolet insolation and the tropical rainforest: [ ZHANG Shuo, YAO Yonghui, PANG Yu, et al. Monutian basal
Altitudinal variations, quaternary and recent change, extinctions, elevation extraction in the Taiwan island [J]. Journal of Geo-
and biodiversity [ M]. Chichester: Praxis, 2007. information Science, 2012, 14(5): 562 - 568 DOI. 10.3724/

[15] &35, 5T, BT, . WL PABO X b BRARER 5 A1 5 SP. J. 1047.2012. 00562
AABTLT]. ML BR 4R, 2012, 67 (11):1556 — 1564. [ ZHAO [24] ZHANG Shuo, ZHANG Baiping, YAO Yonghui, et al. Magnitude
Fang, ZHANG Baiping, PANG Yu, et al. Mass elevation effect and forming factors of mass elevation effect on Qinghai — Tibet
and its contribution to the altitude of timberline in the Northern Plateau [J]. Chinese Geographical Science, 2016, 26 (6):
Hemisphere [J]. Acta Geographica Sinica, 2012, 67 (11): 745 -754. DOI. 10.1007/s11769 -016 — 0834 - x
1556 - 1564 ] DOI. 10.11821/xb201211012 [25] GE Jun, GUO Weidong, PITMAN A J, et al. The non-radiative

[16] whJy, sk F, WnE, . i 1w BE X 75 9 o B 2 3L JE 34 effect dominates local surface temperature change caused by
M XS5 282 AR A S [ D). M FR AT 9, 2014,33(1): 23 - afforestation in China [J]. Journal of Climate, 2019, 32 (14).
30. [ HAN Fang, ZHANG Baiping, TAN Jing, et al. The effect of DOI: 10.1175/JCLI - D -18 -0772. 1
mountain basal elevation on the distribution of snowline with [26] FMEZF. BT F i 4 B A AL LA S B BE R [ M ] . st
diffrernt mountain basal elevations in Tibetan Plateau and its S % W M 4L, 2005. [ SUN Shufen. Physical and biochemical
surrounding areas [ J]. Acta Geographica Sinica, 2014, 33(1): mechanisms and parametric models of land surface processes [ M ].
23 -30] DOI: 10.11821/dlyj201401003 Beijing: China Meteorological Press, 2005 ]

[17] HE Wenhui, ZHANG Baiping, ZHAO Fang, et al. The mass [27] SCHULTZ N M, LAWRENCE P J, LEE Xuhui. Global satellite

elevation effect of the Central Andes and its implications for the

data highlights the diurnal asymmetry of the surface temperature



Vol.40, No.4

i 35 S AR AN 28 B A X 2 T 1Ll 09 3 A 1

623

[28]

[29

[

[30

[}

[31

[

[32]

[33

[

[34]

[35]

[36]

[37

[

[38]

response to deforestation [ J]. Journal of Geophysical Research:
Biogeosciences, 2017, 122 (4). 903 - 917. DOI. 10. 1002/
2016JG003653

OKI T, KANAE S. Global hydrological cycles and world water
resources [ J]. Science, 2006, 313(5790) : 1068 - 1072. DOI:
10. 1126/ science. 1128845

RORISON T H, SUTTON F, HUNT R. Local climate, topography
and plant growth in Lathkill Dale NNR. 1. A twelve-year summary
[J].
Environment, 1986, 9 (1): 49 - 56. DOI. 10. 1111/1365 -

of solar radiation and temperature Plant, Cell and
3040. ep11612961

L, BRI, R 1982 -2013 4 EALYE NDVI %5 [1]
St BRI S R A (] B4R, 2019,74(3) :534 -
543. [ GAO Jiangbo, JIAO Kewei, WU Shaohong. Revealing the
climatic impacts on spatial heterogeneity of NDVI in China during
1982 -2013 [J]. Acta Geographica Sinica, 2019, 74(3) : 534 -
543 ] DOI. 10.11821/d1xb201903010

GRE, IF, B84, T RGR R R R
MEER (1) ARSI (1], ok £, 2008, 30
(4):535 = 545. [ JIN Huijun, SUN Liping, WANG Shaoling,
et al. Dual influences of local environmental variables on ground
temperatures on the Interior — Eastern Qinghai — Tibet Plateau
( 1): Vegetation and snow cover [J]. Journal of Glaciology and
Geocryology, 2008, 30(4) : 535 —545]

ko) 0K, BB, LiEsR. LA/ BE L (LUCC) M 3R
MOV IS e R[], L4, 2011,43(3) :350 -360. [ DU Xile,
LYU Changhe, WANG Hairong.

Review: Researches on

environmental effects of land use/cover change [ J]. Soils. 2011,
43(3):350 -360] DOI: 10.13758/j. cnki. tr. 2011.03. 009
ESWAR R, SEKHAR M, BHATTACHARYA B K. Disaggregation
of LST over India; Comparative analysis of different vegetation
indices [ J]. International Journal of Remote Sensing, 2016, 37
(5):1035 -1054. DOI; 10.1080/01431161.2016. 1145363
YEH T C, CHANG C C. A preliminary experimental simulation on
heating effect of Tibetan Plateau on the general circulation over
Eastern Asia in summer [J]. Scientia Sinica, 1974, 17 (3):
397 -420.

CHEN Longxun, REITE E R, FENG Zhiqiang. The atmospheric
heat source over the Tibetan Plateau: May — August 1979 [J].
Monthly Weather Review, 1985, 113(10): 1771 - 1790. DOI.
10.1175/1520 - 0493 (1985)113 <1771 : TAHSOT >2.0. CO;2
SHREVE F. Conditions indirectly affecting vertical distribution on
desert mountains [ J]. Ecology, 1922, 3(4): 269 - 274. DOI.
10.2307/1929428
B (M),

Mountain climate [ M].

Jent Bl 2E H AL, 1983. [ FU Baopu.
Beijing: Science Press, 1983 ]

KRA, ZBfr, BIF, 55, Z 10l Ll 14 56 17 5 B A 42 % 43
LT]. SRS BRI 24, 2018,20(10) ;1457 — 1466. [ LIU

(39

—

[40

—

[41

[—)

(43

[

[44]

[45]

[46

—

[47]

[48]

Junjie, QIN Fen, ZHAO Fang, et al. Extraction and distribution
of mountain base elevation in the Qinling — Daba Mountains [J].
Journal of Geo-information Science, 2018, 20(10) ; 1457 - 1466 ]
DOI: 10.12082/dqxxkx.2018. 180227

VUKOVICH F M, TOLL D L, MURPHY R E. Surface
temperature and albedo relationships in Senegal derived from
NOAA-7 satellite data [J]. Remote Sensing of Environment,
1987, 22(3): 413 - 421. DOI; 10. 1016/0034 - 4257 (87)
90092 -7

Wb, M. Lok R IRGE Bh iR S R T R AR R R
LOTT. BBOK F Ay o B 2 4, 1989,22 (4):35 - 44,
[ YANG Jinzhong, CAI Shuying. A coupled model of water-vaper-
heat transport in porous media and simulation analysis of
evaporation [ J]. Journal of Wuhan University of Hydraulic and
Electric Engineering, 1989, 22(4) . 35 —-44]

LIANG Shunlin. Narrowband to broadband conversions of land
surface albedo I Algorithms [ J]. Remote Sensing of Environment,
2000, 76 213 —238. DOI: 10. 1016/S0034 - 4257 (00 ) 00205
-4

XU Tongren, BATENI S M, MARGULIS S A, et al. Partitioning
evapotranspiration into soil evaporation and canopy transpiration via
a two-source variational data assimilation system [J]. Journal of
Hydrometeorology , 2016 ,17 ;2353 —2370. DOI: 10.1175/JHM -
D-15-0178.1

BREIMAN L. Random forests-random features [J]. Machine
Learning, 1999.:1 -29. DOI: 10.1023/A:1010933404324
RIRTFF, TATE. BT LA AR Y 2k D0 SR AR iR R[]
[ b5 Bl 557 K 2 22 i), 2021,43(2) .25 - 32. [ SONG Shufang,
HE Ruyang. Importance measure index system based on random
forest [ J]. Journal of National University of Defense Technology,
2021, 43(2): 25 -32] DOI: 10.11887/j. cn. 202102004
AL, A5, FE3CE. HET MODIS FIBEHLARARAY 22 M i H
e R MR AR R A [T]. TR X5, 2020,37(3)
152 - 158. [ XING Liting, LI Jing, JIAO Wenhui. Estimation of
daily maximum and minimum temperature of Lanzhou city based on
MODIS and random forest [ J]. Arid Zone Research, 2020, 37
(3): 152 -158] DOI: 10.13866/]. azr. 2020.03. 17

R ES, VLA, TRARAR. & T BB AR AR 2 10 2R 1 e R
BEOFFE L], I 4 B U R K, 2018,30 (1) :78 - 86. [ HUA
Junwei, ZHU Shanyou, ZHANG Guixin. Downscaling land surface
temperature based on random forest algorithm [ J]. Remote Sensing
for Land and Resources, 2018, 30(1) . 78 —86] DOI: 10. 6046/
glzyyg. 2018.01. 11

ZHAO Wei, DUAN Sibo, LI Ainong, et al. A practical method for
reducing terrain effect on land surface temperature using random
forest regression [J]. Remote Sensing of Environment, 2019,

221: 635 -649. DOI:; 10.1016/j. rse.2018.12.008
MATTHEW W M. Bias of the random forest Out-of-Bag ( OOB)



624 T 40 % #5 4 1

error for certain input parameters [ J]. Open Journal of Statistics, 705 -712] DOI; 10. 11873/]. issn. 1004 - 0323.2011.6.705
2011, 1(3): 205 -211. DOI. 10.4236/0js.2011. 13024 [53] #h3%, sREF, 20000, 25, 75 8k I ARSI 1Y 1 s 4 K

[49] ARCHER K J, KIMES R V. Empirical characterization of random HAE A AN AT [I]. 1l M2 4, 2016,34 (6) . 788 — 798.
forest variable importance measures [ J]. Computational Statistics [HAN Fang, ZHANG Baiping, LI Xican, et al. MODIS-based
and Data Analysis, 2008, 52(4) . 2249 -2260. DOI. 10. 1016/ estimation of mass elevation effect in the Tibetan Plateau and its
j. csda.2007.08.015 ecological effect [ J]. Mountain Research, 2016, 34(6) . 788 —

[50] NICODEMUS K K. Letter to the editor: On the stability and 798] DOI: 10.16089/j. cnki. 1008 —2786.000187
ranking of predictors from random forest variable importance [54] HOLTMEIER F K. Mountain timberlines ecology, patchiness, and
measures [ 1]. Briefings in Bioinformatics, 2011, 12(4) ; 369 — dynamics (2nd ed.) [M]. New York: Springer Verlag, 2009 :
373. DOI: 10.1093/bib/bbr016 49 -58.

[51] STROBL C, BOULESTEIX A L, ZEILEIS A, etal. Bias in [55] £, BA, BM, 5. 5 b K 0 b 3% 1% JE
random forest variable importance measures: Illustrations, sources M RAACIAE[T]. K & R 5224, 2021,35(3) :214 - 220.
and a solution [J]. BMC Bioinformatics, 2007, 8:25. DOI. 10. [ WANG Huanhuan, ZHAO Jie, YUE Chao, et al. Colling effect
1186/1471 -2105 -8 -25 induced by afforestation on the Loess Plateau and its change law

[52] F3fE, DBIE. MODIS M i B ™ 5 B9 5 iF BF 55 — DL S8 3] [J]. Journal of Soil and Water Conservation, 2021, 35 (3):
W CAE )], B AR SN A, 2011,26(6) 705 -712. [ YU 214 -220] DOI: 10.13870/j. cnki. stbexb. 2021.03. 030
Wenping, MA Mingguo. Validation of the MODIS land surface [56] DICKINSON R E, KENNEDY P. Impacts on regional climate of
temperature products — a case study of the Heihe River Basin [ J]. Amazon deforestation [ J]. Geophysical Research Letters, 1992,19
Remote Sensing Technology and Application, 2011, 26 (6): (19) :1947 -1950. DOI. 10.1029/92GL01905

Influence of Albedo and Evapotranspiration on the Mass
Elevation Effect in the Qinling-Daba Mountains of China

LI Wuyang', LAN Xincan', TANG Jiale', ZHAO Fang''*", LIAN Yuanyuan'

(1. College of Geography and Environmental Science, Henan University, Kaifeng 475004, Henan, China;
2. Key Laboratory of Geospatial Technology for the Middle and Lower Yellow River Regions, Minisiry of Education, Kaifeng 475004, Henan, China)

Abstract; Mass Elevation Effect (MEE) play a significant role in causing higher temperatures inside mountains
than ones outside mountains and it was quantified and widely used to interpret the distribution of mountain
altitudinal belt. Heat exchange between ground and air is considered as the mechanism of MEE. However it is still
unclear which surface factors associated with heat exchange between ground and air should be responsible for MEE.
This paper aims at exploring the variation of MEE and exploring the geographical mechanism based on the key
surface parameters of the land-air heat exchange process in the Qingling-Daba Mountains of China. MODIS and
DEM data were collected to extract land surface temperatures ( LST) at same altitude as dependent variable;
Albedo ( Alb), evapotranspiration (ET), NDVI, NDWI and other factors were analyzed and used as independent
variables in the Qingling-Daba Mountains and the typical areas (the Funiu Mountains, the Taibai Mountains, the
Shennongjia Mountains, the Diego Mountain); Random forest method was used to analyze the influence of
independent variables on dependent variables.

The results showed that; (1) There was a close correlation between LST at the same altitude and the selected
influence factors with R* being all above 0. 66 in the typical areas to be selected. (2) The variation of Alb and

MEE showed a consistency in the trends meaning a positive effect of the former on the latter except the Funiu
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Mountain. The greatest effect of Alb on MEE was found in the Taibai Mountain and its surrounding areas with VI
value as high as 0.68. (3) In addition to the Diego Nountain, an opposite trend was found between the variation of
ET and MEE in different areas, which means the higher the ET, the smaller the MEE. The greatest effect of ET on
MEE was found in the Shennongjia Mountain and its surrounding areas, with VI value as high as 0. 88. The effect
of ET on MEE was second only to the effect of Alb in the Taibai Mountain and its surrounding areas. The innovation
of this study is to use LST data at same altitude as a proxy factor for MEE and the influence of Alb and ET on MEE
were explored in the Qinling-Daba Mountains and the interior typical areas. By this study, it broke through the
dependence of the study of MEE on altitudinal belt at macro scale ( continental scale and global scale) and the
distribution of meteorological stations at regional scale, and it provides a possibility for the study of the mechanism

of MEE from macro to micro.

Key words: mountain heating effect; random forest; land surface temperature; evapotranspiration; albedo; the

Qingling-Daba Mountains



