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Abstract: In order to study thermally environmental problems caused by rapid expansion of Guilin city in Southwest China
karst area in the last 20 years, the METRIC model was improved for suitability of the actual situation in karst cities. Then
land surface water and heat fluxes were retrieved with the improved METRIC model from five Landsat images from1994 to
2015. Finally, the spatio-temporal variations of the fluxes were analyzed. The results showed that the land cover types with
the values of latent heat flux from the highest to the lowest were water body, vegetation on the sunny slopes of karst hills,
ground vegetation, vegetation on the shady slopes of karst hills, buildings and roads, bare soil, and bare rock on karst hills.
In contrast, the land cover types with the values of sensible heat flux from the highest to the lowest were bare rock on karst

hills, buildings and roads, bare soil, vegetation on the sunny slopes of karst hills, ground vegetation, vegetation on the
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shady slopes of karst hills, and water body. The temporal variations of land surface water and heat fluxes were influenced by
the changes of land covers. The ratio of sensible heat flux to latent heat flux, defined as Bowen ratio, was 1.62 in 1994 as
the highest, down to 1.24 in 2000, and gradually rising to 1.51 in 2015. The area proportions of the high sensible heat flux
and the low latent heat flux resulted from urban expansion were less than 10.0%. The above area proportion changes resulted
in the changes of the area proportions of the middle, low sensible heat flux and middle, and high latent heat flux. The area
proportion of the high sensible heat flux was with the highest 10.0% in 1994, went down to 5.4% in 2000, and gradually
rised to 9.4% in 2010. But it dropped to 7.1% in 2015. The variation trend of the area proportions of the low latent heat flux
is essentially the same with that of the high sensible heat flux. While vegetation fraction ranges between 0.1 and 0.8, it
affected the fluxes very obviously. The value of sensible heat flux decreased 8—27 W/m” and the value of latent heat flux
increased 8—24 W/m’with the 0.1 rise of vegetation fraction. Vegelation protection on karst hills and ground greening

construction are crucial in improving urban heat environment in karst cities.

Key Words: karst city; water and heat fluxes; METRIC model ; spatio-temporal variation; vegetation cover change
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Fig.1 Spatial distribution of sensible heat flux over the study area
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Fig.2 Spatial distribution of latent heat flux over the study area
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Table 1 Comparison between model estimates and in-situ measurements of fluxes
S TR AR A 330 TR DRI 5 Al 3B
iRy Measured Estimated values TR Estimated values R
Fluxes values/ with the original Error/ % with the improved Error/ %
(W/m?) model/ (W/m?) model/ (W/m?)
B34 Sensible heat 222.7 185.9 16.5 190.6 14.4
WL Latent heat 202.6 238.7 17.8 230.4 13.7
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Table 2 Average water and heat fluxes of typical land covers

Ay Year
i
1994 2000 2006 2010 2015
Land covers
Hyg LE Hg LE Hg LE Hg LE Hg LE

IR Water body 93.2 405.4 81.9 432.8 83.8 454.5 49.6 398.1 51.5 396.6
#57/ 18 % Building/Road 314.6 195.7 278.5 225.4 313.6 248.1 256.3 221.3 233.7 185.1
FE 8% (HLTH ) Ground vegetation 169.5 350.5 150.6 377.6 141.7 381.8 129.9 351.9 107.4 291.4

0 (TR L W
i ( ?/ﬁ%‘m BRI 178.7 373.0 161.6 419.6 157.8 428.7 135.3 376.7 113.6 310.1
Vegetation on the sunny slopes

f L
HH( r%%ﬁh Ly 352) 141.1 310.2 117.4 325.8 105.3 349.6 103.7 305.0 88.8 254.6
Vegetation on the shady slopes
A (LT ) Ground bare soil 259.1 188.0 260.6 172.7 302.7 170.2 223.0 194.1 192.2 163.8
P (W TR 1L ) Rock on karst hills — 290.3 119.0  278.5 130.6  312.8 163.6  233.6 166.6  198.8 108.8

Hy B E 5 Sensible heat ﬂux;LE:‘(‘f:’T‘ff&@% Latent heat flux

®3 HEBBYIRILE

Table 3 Average Bowen ratio of typical land covers

Hu) Ay Year

Land covers 1994 2000 2006 2010 2015
KM Water body 0.23 0.19 0.18 0.12 0.13
#5/iBH Building/Road 1.61 1.24 1.26 1.16 1.26
FE % (HLTE ) Ground vegetation 0.48 0.40 0.37 0.37 0.37

AL (W 3T L W B 33 )

. 0.48 0.39 0.37 0.36 0.37

Vegetation on the sunny slopes
Wl (T

B e B L L) 0.45 0.36 0.30 0.34 0.35
Vegetation on the shady slopes
M4 (ML ) Ground bare soil 1.38 1.51 1.78 1.15 1.17
R (TR L% ) Rock on karst hills 2.44 2.13 1.91 1.40 1.83
FAHFSE X Whole study area 1.62 1.24 1.34 1.34 1.51

2.2 JKPGE AR AR L

AR5 DX 7K A F B[R] 0 A48 b2 BORF SR TT BT T A& X i g fb a1 5 35000 e 7 T AR M 25 3 52
W, P 2 AT LA Y9 X0 SCHUAE 1994 A ficrm , 38 81 1,62, JFLER U 1991 45 [ 45 B it v d i A Ak 1) R 9 s
B TF K X, 1994 45T PG BURHEHE B EEMRPEIRZ BT IT & X, 5 8l T MO X 1 PG

SRR MR A it Ui 38T, 397 F 2 IX Ay e pbe A it [ st 37 38 JBORS A A0, 5 08 P R B A e e 42 5
TER X AR A 55 38, N EoK ISRy R WA A5 A AR ol 2B G o BE R, 1999 AR FEMCB i 44« 4 [F
MRERALSEHEIR T, 2000 AFEAFFE X S H T 5 20 4FR eI, 1,24,

2003 A FE 5 =BT XAk Ll Tl Bl A S el 52005 AF El i B X A B I S AR T K 85T, 2007
4E 8 IR IX AR 3 R3] 2015 4E 588 13.96 km> EEIR X H bR ; 2010 4E I 46 H 15 I A 57 X R 3 Tl bl
(5 3B 10 km?) |, B F & IX 04 i B 25 | Ve B AR, 2000—2015 AEFE X % SC L 2 IR i FH i i a3 2015
AE L TREN 151, 4%3T 1994 4EHMH

3 K R Vs R i P BRO(ELE AR B 15 1Y 40% .30% 40% 72 SCRARAEL X B X i X, Gt 45 X
[EEIT LB, G5 R L3R 4 3R 5, SR IX I R e (1 DX RS BRI IX. 32 AT DY 7 o 28 IR 0 B R T R o A

http ; //www.ecologica.cn



3586 JAE = 40 %

o 2 SR DX R TR L GRS LR T 10.0% 5 5 BV AL DRI 44 v L IX = 2 A Kk AR (TR VI A T8 08
KLU ) 7585 ke 7 5 0 o S0 e o 0 3T Bl bR M 5 A2 BN O AR, L B, S VIR X L ] 7R
35.0%—50.0% , MR EE X FLBITE 35.0%—55.0% , Vg W45 3T 7 i o 2 40 B0 %) b 240 o L X B 3 LA 1994
A, M 10.0% ,2000 4 R R 5.4% , 2 )5 S8 B 2] 2010 4F1 9.4% ,{H 2015 45 F RS 7.1% , 1 i IAIK
{EL DX L0 A3 10 28 Ak 34 5 8 A = (DX AP S AR R ] 300 A v 1 DXRIT S AT X L 8 1 28 Ak T B0 A AIRE X
Fb B A (R IX EU B A AR Ak, 3T B R S8 HRORT P A o [ DX AP A S I, S AV DX RN P A e 1 X
BRI FH PR HEL |t 378 45 2 70 Ay S A L DX T AL DX ) i e v 2 R A S X, 3 e e e 0 A SR IX e il o
THAF A Ak 1 S M 7 o SR i T DU N S R R (B X

F4 MREHBENHILE %

Table 4 Percentage of sensible heat flux distribution

[X.[&] A Year

Range 1994 2000 2006 2010 2015
{K{E X Low value area 39.5 46.8 49.2 46.4 44.0
F1{E X Median value area 50.5 47.8 41.7 44.2 48.9
H{EH X High value area 10.0 5.4 9.1 9.4 7.1

®5 MRBHRBENHILH %

Table 5 Percentage of latent heat flux distribution

X ] 4B Year

Range 1994 2000 2006 2010 2015
fRE X Low value area 9.7 5.0 7.8 8.9 9.3
FF{HEIX Median value area 51.9 50.4 39.3 41.3 43.7
Fi{H X High value area 38.4 44.6 52.9 49.8 47.0

2.3 AR 55 AR AR K G Y 5 I

3T b 2 KRG 7 T AR AL AR A R e A P R AR R R B R 2 — KR4 R
10 2607, Gei T4 S50 /K Gl s 348, G5 S LKL 3, Gei BB 7 55 FE R 0.1 B /K $Rai AR fb i M, 45 5 0 3k
6.7 7, MO S BHGEE R R AAHXOCR , S B HEE R R IEMCCR . fER R 55
P, 7K AR ot Pt 0 7 5 B (R S AL R A AR 25 5 A0 7 26 FE 7E 0.0—0. 1 513 FBIAR % B AN 7E0.8— 1.0 Ji il /&
% s AR A X K ARG i P52 M A X 55, AP P T BN 0.1, B AR VTR 4—10 W/m® 5 T # 7 T
FEFE 0.1—0.8 3 B Asf AR £b X6 7K $AG £ 0 52 M R X 5, | 7K PG o 5 AE 0k 7 o5 B I (DL SR R M G R AR 5
FEREHN 0.1, AR 8—27 W/m?, AT 8—24 W/m?,

®6 MREPFEEREWBIZELM 0.1 HEL /(W/m?)

Table 6 Changes of sensible heat flux in response to vegetation fraction increments of 0.1

Ay Py
Year 0.0—0.1 0.1—0.2 0.2—0.3 0.3—0.4 0.4—0.5 0.5—0.6 0.6—0.7 0.7—0.8 0.8—0.9 0.9—1.0
1994 -7.0 -19.2 -18.0 -12.4 -10.7 -10.6 -10.3 -11.5 -9.1 -7.9
2000 -4.5 -10.7 -10.4 -8.6 -9.6 -11.9 -12.6 -9.9 -6.5 -4.9
2006 -9.6 -26.8 -24.4 =233 -21.6 -21.4 -22.8 -24.8 -9.2 -7.6
2010 -6.1 -15.6 -14.5 -16.0 -17.3 -17.2 -11.8 -9.3 -6.9 =57
2015 -6.6 -23.2 -21.6 -19.7 -18.2 -17.3 -15.6 -9.4 -8.7 =57

Py AEPEEE Vegetation fraction

3 e
i F METRIC 575 J i A ks ST 3 T b R v A | S PG T ), bl TS 56 25 A R ), S BE X AS [R) 2R
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Fig.3 Average sensible and latent heat fluxes over the study area against vegetation fraction
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Table 7 Changes of latent heat flux in response to vegetation fraction increments of 0.1

) Py

Year 0.0—0.1 0.1—0.2 0.2—0.3 0.3—0.4 0.4—0.5 0.5—0.6 0.6—0.7 0.7—0.8 0.8—0.9 0.9—1.0
1994 7.8 11.7 13.5 11.7 10.5 12.3 12.8 11.1 8.8 6.8
2000 5.7 9.3 9.4 8.3 8.3 14.0 15.1 9.4 6.6 5.4
2006 8.6 23.5 21.5 20.5 19.0 20.0 18.4 17.9 9.2 8.3
2010 4.5 9.7 12.0 14.7 16.5 16.7 9.9 8.6 6.1 4.1
2015 5.2 23.2 20.6 18.7 17.8 17.8 16.1 9.5 6.3 42
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TV B b/ NG PR X 3 05 W R 3 i U R R LA AR

W SRR LU AL — RO R A 7, L L DA ] et Ay = g s 0 R 0 32 A R IR T I T R g g
WrR RS B ER . TR TR G 498 2 ARl A GRS AR A S o) [1] PR K 2 W ST 1 L) D A e 7 5
25 1l R AR A AL IS T AR AR K R TG R R A B e R P B B Wl A K
B PR I A 1 T P AT, X 30 T PR3 7 A S5 K i AL A SRR TR IR i T 3 X b g R L
WS AR R AP o) W BT R 3l T AR B el s 28 G R B
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T R BE R S5 9 30 e L 0 198 7K A 57 1 T DR 28 %) S ), IEL AR A = 008 DX 174 W ST 4 L e Bt T ) AR X o 2
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