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FE ;S BB — 00k e AR L AR D I AR RAHE 5 L HEB B Z B OC R, IR % BE B A WinRHIZO ( Pro. 2004¢ ) 1R &
DM BB FME ( Vetiveria zizanioides(Lin. ) Nash) | 1 2% ( Paspalum notatum Flugge) Ji) 4R ( Cynodon dactylon(L) Pers. ) Fl
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Root features of typical herb plants for hillslope protection and their effects on

soil infiltration
LI Jianxing , HE Binghui“ ,CHEN Yun

College of Resources and Environment/Key Laboratory of Eco—environments in Three Gorges Reservoir Region , Southwest University ,Chongqing 400715, China

Abstract; Plant root system plays important role in soil erosion protection and affects hillslope hydrological process through
infiltration. To quantitatively investigate root features of typical herb plants for hillslope protection in the Three Gorges
Reservoir Region and their influence on soil infiltration, soil initial infiltration, average infiltration, stable infiltration and
accumulative infiltration were measured on 4 typical hillslope protection herb plants, Vetiveria zizanioides ( Lin. ) Nash,
Paspalum notatum Flugge , Cynodon dactylon(L) Pers. and Medicago sativa L. , ith bare land as a control. Soil samplers
were used to take soil samples from the test area for laboratory experiments. Double-rings method was applied to make on-
site measurement of soil infiliration. Root analysis system, WinRHIZOPro. 2004c¢ was used to characterize the root systems.
The results indicated that; (1) Vetiveria zizanioides (Lin. ) Nash and Medicago sativa L. had considerable higher root
length density and root surface area density, as compared with paspalum notatum Flugge , Cynodon dactylon(1.) Pers. (2)
The soil infiltration rates were significantly amongst the different herb plants and at different soil layers under the same herb
plants. The soil infiltration rates of soil under herb plants were significantly higher that of bare soil and declined with the

increase in soil depth. The soil infiltration rates from high to low were in the order of Vetiveria zizanioides( Lin. ) Nash,
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Medicago sativa L. , Paspalum notatum Flugge , Cynodon dactylon( L) Pers. (3) The initial, average and steady infiltration
rates were 2.42, 1.65 and 1.38 mm/min for Cynodon dactylon(L) Pers. , 3.87, 2.42 and 2. 11 mm/min for Medicago
sativa L. , 4.84, 3.37 and 3. 00 mm/min for Vetiveria zizanioides( Lin. ) Nash and 2.93, 1.79 and 1.39 mm/min for
Paspalum notatum Flugge and 1.31, 0.86 and 0.71 mm/min for bare land respectively. (4) The soil initial, steady and
average infiltration rates as well as cumulative infiltration were increased with increases in root length density and root
surface area density, which were evidently correlated with root diameter from 0. 50 to 5.00 mm. (5) Root length density and
root surface density had significant impacts on Kostiakov's model parameters, K and a. The K value, representing initial
infiltration rate increased with increase in root length density and root surfer area density and the a value, representing the
decrease rate of infiltration decreased with them. The K value from high to low were in the order of Vetiveria zizanioides
(Lin. ) Nash, Medicago sativa L. , Paspalum notatum Flugge , Cynodon dactylon(L) Pers. , Bare land. The K value and a
value were 1.382 and 0.473 for Bare land, 4.275 and 0.307 for Vetiveria zizanioides(Lin. ) Nash, 3.814 and 0. 312 for
Medicago sativa 1.,3.325 and 0.452 for Paspalum notatum Flugge and 2.742 and 0.404 for Cynodon dactylon( L) Pers.

respectively. The results will be useful for hillslope vegetation protection and soil erosion control.

Key Words: the three gorges reservoir region; root length density; root surface density; soil infiltration capability; soil

infiltration parameter

2R IX T AR AN S5 R T U A O A b R A L AR T s ™ E AR ik, 5 & K
U2 AR NS K O SIS R R, LA AR R O T A 100 3 A A R B 7 B ) R
FARSETEY  BAMRE RN, AR YR R A 136 120k )2 W 3, W I b A0 7 7= U 398 Jon 3 A
BT IREREERT , R AB S REABEEE e T R UE R A K 2 B4 B, DA T R 0 B 4t b e £
TEANFI i S A AR S AR RN 3B B A W W ARG, — AR AR T e | I 4% R [
W5 - 398 B R 4 S R 3 MR DRSS R AN AL S TRl Rk R B m M B — O AR 5 25 O e AL
T SRR - B 1 A A2 | FLUTRL A A7 3 S A B 4 22 R g K 4R s A st b A B
DR I AR5 S A AR AR 22 20 A %k - 395 i M A3V P, X = e 28 (X 30 iy b S5 e e b e LA T B S BR AR

B + 588 B KR 07 T R R RS BB @M i, FEETE HIEAB SR ABR
fIE A HLEL AR RO K S B i X R R T, AEAR RO, AR R AEAR RN
T eSS MU A KRR AT IR el BK PR ERE T AR T T 1 56 TR R Aok
BB BRI e T EIRDY SRS R IR AR K 2 B LA S A R R R ABRE
Uit AR 2 B S5 I AR R A A b A B %8 B RS BUSE A R U, H 5 T i, 8 o H TR AR R 53
i 5+ HeBE N R MR AU R R AR K B A B R B E R s
PERY B AERT AP " BT GE X AR 2R BUBEST, & BLANAR X - 39635 35 T %) A3 die A W i ]
PRI AR T 38 B B RAE SR A B4 M e E 1. BRI AR SO0 =R IX. 4 Fhdr i B AAE ) 1Y)
MR IR S HER A AT R R D LU R )R, (1) R RFHES L IEABR I N IEABEMSHZ
IR 5 (2) M2 B AR R AR MR B % AR R S80S LIS A B SN LR (3) AFRBER MR
RFHES BB BN XR,

1 Mel5H%
1.1 R [ SRMEAL

TR UL T HE PR T AR DX S PG g R 2 B 0 S b, b P B R 106°487547E,29°4508" N, iX HLE
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1.2 BB AR R AR

TR A MY L ( Vetiveria zizanioides (Lin. ) Nash) . A & & ( Paspalum notatum Flugge ) . Ji 7 # ( Cynodon
dactylon (L) Pers. ) FISAEH 75 ( Medicago sativa L. )4 F R /K LR FRH A SEAHY X4, T 2010 4£2 H
I, FE PO R R R0 S P e —FE R 50 R 1,2,3 ,4 X VE R4 BRI 1 X, B UG HE & 1 10 4 Flve
AFPT o T/ NN TR RN E B, 7R B XR R 2% /N X S8 —BE K LR TR Hh i, HLE IR 2R
T2010 4F 3 K, 5 —FEHR 43 A B C D E X, 7E4 XA #E— 4053 1 3 A4~ 6x4 m? f/hX, JEi5 15 4>
NI B XN AR 7R A B C.D XN, IRRATIE N 30 emx35 em 3 i AR S AL B i L1 B
T ARG o E DOy XS IR (BREE D) TR | & XE T3 LA B, e IR A e

T 2011 4% 8 AR, X & /DXHEATRAE, I8 S 4R, BB faH: O AE AR , B 8 SRAE a5, PR AR i 1l I
WA IE , IR AR A O S R ) RIS 20 em®, /5 5 em) RO S90S EA ITE KRB HE F 02 (82
10 em) B 2B ECR 2R AR/ NXHC3 ANEER 735 0—10,10—20,20—30 em 1t HERSEATHURE
it 135 DA, SRIEFIHERFERS X RAE SR A 3247 R AR B[R] — /N O [ R A 0
ARG B NMRA TR 500 g Ze A Il S 2 e TS BRI BT (AN 1) .

F1 L EEEAMR

Table 1  Soil basic characteristics of experimental field

- AL EE FEEH BEILK X HURALAL %

Fom = FE e AU Capillay TPV Soil mechanical composition
Type S‘”/l layer  Bulk de“flty porosity  Non-capillary  porosity SOM R R Kikr

m o) g ositg/% /% k) st Clay

K F AR 0—10 1.46 36.56 5.29 31.27 12.12 30.08  52.01 17.91
Cynodon dactylon 10—20 1.56 33.02 2.33 30. 69 9.52 29.14  50.41 20. 45
(L) Pers. 20—30 1.60 31.12 1.60 29.52 8.71 27.55 48.56  23.89
BALETE 0—10 1.39 42.71 8. 66 34.05 13.35 33.39  47.41 19.20
Medicago sativa L. 10—20 1.45 37.83 4.90 32.93 12.49 31.25  49.46 19.29
20—30 1.50 36.09 4.33 31.76 12.02 30.44  49.58 19.98

AR 0—10 1.41 43.65 11.56 32.09 14.62 34.66  45.95 19.39
Vetiveria Zizanioides 10—20 1.50 37.71 6.70 31.01 13.79 33.65  47.20 19.15
(Lin. ) Nash 20—30 1.62 33.00 2.21 30.79 11.56 31.45  48.66 19.89
[EE=A 0—10 1.50 36.48 2.83 33.65 12.07 30.16  50.60 19.24
Paspalum notarum Flugge 10—20 1.52 34.38 2.27 32.11 11.64 28.93  50.36  20.71
20—30 1.55 34.69 1.80 32.89 11.72 27.86  50.21 21.93

it 0—10 1.55 29.87 3.30 26.57 9.65 31.74  49.34 18.92
Bare land 10—20 1.61 33.76 1.83 31.93 8.85 29.11 49.86  21.03
20—30 1.62 34.38 1.67 32.71 8.28 27.62  49.43  22.95

1.3 A g e o b 7 s

TR AL AR T ILBRE A FLER Y R IR T e s SHEAB SR ARG P £
MR BRI WA 32 D0 2 5 7 WLJSR ) E % R A - A M A 5

RIGEE A BUR IR TIN5, 8 F 0. 05 mm Y PIUEF T 0Pk, EL 2 U T MR & AR R %€
A ZEMRIK I ZE A L | SRR 3R A2 i 43 85 oK, S8 5 R FH EPSON LA £ 400 dpi A7 K EEH 4, {8
H WinRHIZO ( Pro. 2004¢) H R AT REXTR R KB AR F AR LA AR K AR R FSEASEE 745
BT, B B 2R AR N AE 105 °C 450 FHE 72 h 3R R RAEW,
1.4 B 550

IR B R = W NS I B N335 B/ A B IR () AB I BCAT 3 min) 5 P28 B MR = ik B i 1
Bifs B/ IR R I B B E]  BRB RO B ] P 208 s TR S (RN IR KK TR E ) B 998 7
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R B RS — BT 90 min,

HRA 25 B = BA T N AR 3R A B2/ BR JTAARRE s AR 3R TR FHU B = B4 T INAR R R TR 3R T AR s AR % i = 34 )
LA R AE o/ R TR

R 3 AB S R B A V1 2 10 Philip A3 Kostiakov 2852 3 A1 Horton J7 #2401 Hip
Kostiakov 285 A0 S PR OLMI & 804F , HIH P & SHORRE S T3 B FHIE, 80 90 T4k HIEA S
AT A B R MBERABE TIART .

i, =it (1)
L i-a 1-a

= :t =Kt (2)
K ,i, R ¢ B2 AR (mm/min) ;¢ S ABEA] (min) 53, R 55— BRI R B 19 A B 3% (mm/min)
1,2t 2 BB B (mm) ;K HEE AR REAHY T8 — DR BN AB BR (mm/min) ;o HER
ANBHEEL, W BB T

K Excel 2010 FofFxh il & Zofs A7 A PO e AL, T SPSS18. 0 B bxt 1 52 i 1 5 A RIFE 2R &
ZHHAT Pearson FHC T,
2 ZEREHH
2.1 R[EMPI R B AR R AR

32 WTLAE H, SAE AR R AR B AR 3 AR %% B DL SR o 28 B (R A 34 Aok, AR 2% B R
WRER RN, S E T DS TERE RAE S5 SR RSN S, S S S HRAZ b 2%
SRR E (P>0.05) (HF B E R T ARG E 5, K/NRIy . FRAES B E 1> H B> R,
TR B AR AR B R T2 AR B (FAR S 5% B 38 /N T 554 i, P 2 T RRURN AR ) 1 S X B A L 451
KER, GHYIA B W R AR G, SR AE B8 ORI 7 L BB AR B 22N AR

R2 4 MPRERGRRFESH

Table 2 Parameters of the root characteristics 4 typical herb plants for hillslope protection

[_

t

FALAY HRKBE/ (em/em?) IRFTAFE L/ (em®/em® ) IRERE/ (mg/em? )
Herb type Root length density Roots surface area density Root weight density
HIHTE Medicago sativa L. 9.204+0.447a 4.469=0. 858a 200.911+99.412a
TR Vetiveria zizanioides(Lin. ) Nash 9.199+1.037a 5.145+0.991a 85.851+7.766b
TR Cynodon dactylon(L) Pers. 1.847+0.517b 0.985+0.495b 3.506+0.952¢
HEH Paspalum notatum Flugge 3.249+1.172b 1.540+0. 072b 9.266+2.936¢

TP AR (n=9) 5 RIS BHEAR A A RS F 8RR B Duncan 43 #7153 00 83 MR, AR T 8RR 2 53 8.3 (P<
0.05)

2.2 [P EA R L HK 5 ABPERE T

K AB AR — R ARG R 5 R MR A E LR A L i oK A A SR ARk 4
YIS, 1EHF 5 LB BIERT , HoR B 4 MRV AB R B R FHBEEFMBE LR,
I 1 ATLUE ) BRPIAR A B A, & AR ] )2 K - 568 B PERE A HR b R /N R BUh . AR TS R B >
A BB S ) A RS R, WIIR AR SE B R B 90 min 1155 S i/ NI IR A HSP 35 R
434 :1.31 0. 86 0. 62 mm/min F172. 86 mm , FHXT FHRHLP - TR F 4 FhRASSAIERAS [F R B Hh ol 3%
T HIEBENERE . AN 3 A HIHEABRHEE AR RA Z AR, BRI BTG A B RS TP B R
SEAB R, K EHARKI 0—10 .10—20 20—30 cm TIEJZ P IE AB R FaB R FRBHE M 90 min
B85 MR AR R 225, R /INS R0 B 1 SRR 1 338 o v K, 3 I 4% B2 A + 1898 18 1 RE i+ 1 IR
JEE P 088 M i D 55, EL A DRy 5 R R 4 A e 2 A 398 o S S B A B R A A O AR AR R R
AE FH it = 498 % 110 8 o i s 55 2 VDA G
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S = N W kA U N
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600
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300 r
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Accumulate infiltration

200

f4152%/(mm/min)

Stable infiltration rate

100

FARHH Herb type FARHH Herb type

E1 FAEPHEERAOTEANEE
Fig.1 Soil infiltration rates of different typical herb plants for hillslope protection
TR, T2 RAEE TS, T3 BRI, T4 B H 5, CK 8, T1: Cynodon dactylon (L) Pers. , T2 : Medicago sativa L. ,T3 : Vetiveria zizanioides

(Lin. ) Nash,T4:Paspalum notatum Flugge ,CK :Bare land

2.3 HEBENESREASH

FEXt HHEB B S GR E E AR K MR R I AU B AT A A (R 3) ARRHRHES
HERHIUA A B M B AR E O FE R y=1.613x-2.526(R*=0.935,P<0.01) , 5Fa5E A B B i5% M fT
KB 5B EAE AR E 51 0.914 0.896 F10.903, MFE2 & 1 AJLIE Y, YA AR5 2 M 0. 985
em’/cem’ HEME] 5. 145 cm®/em® 3 AN LJZPIIR A B R SEENBER B3 B8 FEE A BRI YME 0 5
M 2.42 mm/min.1.62 mm/min 144.31 mm.1.38 mm/min ¥41%)] 4. 84 mm/min.3.37 mm/min . 297.32 mm.
3.00 mm/min, £ S0 BEAR F 10 B4 BE ARG G ok, HLAR LR MM G K E S LN A B R BB
B ST E IR E B R AR AHOC R B A5k 0. 901 0. 831 ,0. 844 F1 0. 850, 75 S HI HEAR K
B (R NG, A 22 B 3 R AR AR DG, AR 2% S5 45 B B S BN AHDCHE A R 31 25K F

R3 TESEUHERRSHZEMEIERGE

Table 3  Regression equations between soil infiltration and parameters of roots

28 HRAC 2% i MR 1 AR i)
Parameter Root length density Roots surface area density Root weight density
WEAB R y=2.998x-4.512 y=1.613x-2.526 y=42.224x-69.811
Initial infiltration rate (R*=0.901,P<0.05) (R*=0.935,P<0.01) (R?=0.435,P>0.05)
ISy E y=4.505x-3.045 y=2.468x-1.814 y=60.633x-44.317
Stable infiltration rate (R*=0.850,P<0.05) (R*=0.914,P<0.05) (R*=0.375,P>0.05)
Bk NE y=0.046x-3.380 y=0.025x-2.003 y=0.605x-45.515
Accumulate infiltration (R*=0.831,P<0.05) (R*=0.896,P<0.05) (R?=0.344,P>0.05)
THBiER y=4.183x-3.746 y=2.286x-2. 187 y=54.906x-50. 95
Average infiltration rate (R*=0.844 ,P<0.05) (R*=0.903,P<0.05) (R*=0.354,P>0.05)

2.4 HEBENSARRIEIIRRFAE
h# 4 v LB, BB ENE S HAN T 0. 5—5 mm REIRHIIAR R FHE 2 04778 B 5 ARG | Bl 25
RBRIHEKR  BROIRA BRI FREAB R BB CFBER S RLD RSAD HYAHSE R B BB Ses R
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Je /N A B HAR (B B 2—5 mm 724, AHELEL,0.5—1 mm MR ) RSAD 5 HHERPIIR AB R |
FRE NBRIRE] T KO, Bl R R R H 550 y=0. 6421x-1. 1529 (r=0.9884,P<0.01) ,y =
0.8764x-0. 6256 (r=0.9901,P<0.01) , H¥K 1—2 mm 2—5 mm BZ&1% RLD 5 RSAD X 351018 3 4 A 4%
FRITTER . 1M D<0.5 mm MR R BRI R AERK ST R Sl R K B 5 1 588 & M A OC R 50D, IR A
A S i BAR R o 11, ok - 398 3 M A5 i 15 R 31 2 K

R4 TESEMSTRZEVABFECRKEZ (RLD) MEMHE L (RSAD) ) Z BHIHEX 547

Table 4 Correlation analysis between soil infiltration and characteristics ( root length density and root surface area density) of roots indifferent sizes

RERR WEZH PR AB R FaEAB R BB FEBER
Diameter class of roots Root parameter Initial infiltration rate Stable infiltration rate Accumulate infiltration Average infiltration rate
D=<0.1 mm RLD 0.477 0.359 0.323 0.343
RSAD 0.421 0.318 0.273 0.290
0. Imm<D=<0.2mm RLD 0.534 0.413 0.379 0.400
RSAD 0.513 0.399 0.364 0.383
0.2mm<D<0. 5mm RLD 0.759 0.650 0.624 0.646
RSAD 0.775 0. 680 0.654 0.672
0.5mm<D<1mm RLD 0.995 ** 0.976 " 0.971" 0.977*
RSAD 0.988 ** 0.990 ** 0.984 " 0.987*
Imm<D<2mm RLD 0.954 " 0.990 ** 0.995** 0.992 **
RSAD 0.945* 0.987 " 0.993 ** 0.988 =
2mm<D <5mm RLD 0.985" 0.997 ** 0.994 ** 0.995**
RSAD 0.983 " 0.999 ** 0.984 " 0.985"
D>5mm RLD 0.791 0.714 0.686 0.700
RSAD 0.851 0.770 0.747 0.763

#* P <0.05; % * P <0.01,n=36

2.5 WMREHABERSHNLR

S WA, 75 0—30 em +J2H K ERSCSFBR/NRI S  FARE (4.275) > AL E 15 (3. 814) > H
FE(3.325) ST AR (2. 742) >#R M (1. 382) , 1M a (ELAY B R/ANRI A B H (0. 473) > H EH(0.452) >
FIFHL(0.404) SEEAEE 5 (0.312) >TEHEL(0.307) . FiE 2RI, K (E B W0, T o {582
A K DN B o KA BAE 10—20 em +)2

3R 6 FTLIE AR AR S MR RIS E S K HIEAX, 5 o EAMAE, HP0.5—1 mm
PR AR A 2 J3E RS 2 T A% X K A 2 M e BRI, 3R 31 T 8 357K A AR R AR R S EO6 o (B 52 24358
ANE K AH 1—2 mm R B RIAR SR 1 R X @ A2 i B I8, FH 56 R0 illik -0. 765 . -0. 776,
3 g
3.1 WRESEGT HHEB BRI W

R FR 4 SEO LB BRI 6w 7 K B R AR ) AR AR AR A
BAE AT 7O D R B 08 i M S AR 25 B MR SR TE AR 2 Wl 2 TE ARG, 5 M o 285 B AR OGRS AR 31 1 25
KV, HF R EE

PR T B B e S WUAR R 5 ARl ) S AR Y R 3 T LB IR R AU 5B B4 S5 2
M B E LG R, H AR R AR E R A, SIINRRN TSRS, — iR &
5+ b YR R RR FE 3N T LB BRAR T A I T HE AR SR (R D), S — T HR
FRAFRM G LI AL b AR B T A B KGRI T A P R AL, 3K o A8 7 b KL IR S A% LB
TR TS EELEE , K R shRE ) 18 SRS 2 IR R R FLBR & & Ko AR Ol 10 B s, 28
w1 N B AR TS A R FLBRAR 22 | 7K 431 - 458 v 1) % 20 388 T i i, K AL A SE B ak K T AR K,
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TR EAAEYR AR 5 H 0L, 0T LI, A o - A o I g i B, DT R S G SOk
PEBE , BB RE T 1 HUXS IR IR 2 4 0

R5 AEERZEE Kostiakov R O] 7535 R

Table 5 The regression analysis of Kostiakov models of soil infiltration of different herbal type

AR EVIAK R i 2F AR
Herb type Medicago sativa L. Vetiveria zizanioides( Lin. ) Nash Cynodon dactylon(L) Pers.
+)2/em
. ) 0—10 10—20 20—30 0—10 10—20 20—30 0—10 10—20 20—30
Soil layer
K 6.389 3.296 1.758 8.325 3.168 1.332 5.132 2.396 0.697
a 0.259 0.438 0.238 0.419 0.297 0.205 0.426 0.504 0.283
R? 0.779 0.696 0.553 0.714 0.768 0.786 0.753 0.662 0.778
AT HEE Wi,
Herb type Paspalum notatum Flugge Bare land
+)2/em
. ) 0—10 10—20 20—30 0—10 10—20 20—30
Soil layer
K 5.571 3.346 1.059 2.064 1.617 0.465
a 0.488 0.506 0.361 0.418 0.507 0.495
R? 0.697 0.652 0.708 0.714 0.668 0.749

®6 TBASRASEEREEFERRFFERKEE(RLD) ML (RSAD) ) Z BHIEX 347
Table 6 Correlation analysis between soil infiltration model parameters and characteristics ( root length density and root surface area density) of

roots indifferent sizes

S RLD RSAD
Parameter (. 5Smm<D<1mm Imm<D<2mm 2mm<D <5mm 0.5mm<D<1mm Imm<D<2mm 2mm<D<5mm
K 0.914" 0.835 0.840 0.919" 0.833 0.844
a -0.522 -0.765 -0. 666 -0.554 -0.776 -0.627

AR B —J7 T AE S AR R A L AR P A SEAR 284 SZURRRE , 55— 7 THRZ R 37 03 1) AL AR B ik L B
TEHIEMERE Y L DR R, B RS BE RN, S B SRV Walan, B 23 W R R R,
EERE T A FOAR ZR S A AR h 2 TR OB T R ] A AR AL, Reynolds ™) 45 R BLK 43 T 8 i B th
ot R fLisHn . ORI B BOR AR R A 204 SRR BEE | K 73 AR FLA B R

WERFEE SCTJ5,— i h TAR R, e L B R RRARALY 00— O mfe Ak A HLSE Ak 1
S IR PR >, A H AR R 2 RN G, e AR RO R AR LB e
AU R BB TEGR (A SO R IR E S SR A B R BEABR BERRUNTFHEE
FAMSNERIA 2, 5 A T R A AR R N AL B, Ak T AR R IR RS, S AR AR A/, LA I8 T 73 #r
MR M SR TR WA TR R A AR R T2 XS @ PE R ), 17X P P S5 R B <1 mm AHARAR
5 B E L R E A, A [FAR PR 2R AR B X LIS B R e A Rt — 20 e
3.2 BRGNS HHEBFE IR R

AT YR AL R b gl ZRSER B AR IR (8145 L Ok, i S B B s L B ROk )
SRR, RGN L3R AV, B P XIEMTIAS D<1 mm MR R AR AR 925 ) e B I 0
AU XA ERT AR FER B 2R D<2 mm MR MR K AR T 0B P e
SEAR I AR R AR ] . AR SCHESE A B, IR XS B PRI 5 A T 2 A0 T 0. 5—5 mm ARGLAIAR
A, M TIZAR SRR —Jr e o Hefih L3 A58 B AE AR, 55— T AR R 3 = AR50 150 I8 4y n]
PR AT WL ), BEASHE N S 0RE ) 45 5 5, WA AR A8 0l 3 AT 2 0 - MR fy DR AR PR S TR 42
ik Rt /N BT A 7 T ) 4 56 T TORE Dl 3 , XoF S92 i P F) 8 i /T Dl
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3.3 WREXABBHSE

ZIABRE K R HIEAB RSN — A EESEAR, B Fon TEABTFRESE — A A ] (1min)
PRI RS T R B4 ST 2 A 08 i SRl 35— A A7 st B AR LT T AR L BB R R Y RN 3R B
FABE A FLRGLD | 2 gl 850 AR R Y Oh UG K i | R AR (U, K AE 1
TR YT LB AIRDL . DFIE RN K (RS R 25 AR T 2% i 3 il iz i R K (2 S
MR AR AL B R/ IV R A A, BN AR RS SR T > B 5 w0 R >4, i T RAMY
FIMR 2R A AR TR] HALBR AR BN [F], FEARE ) A e R P AR 2R 10 284 7 R LA SR RAE T J T i i FLE
JE R IEFLER A E BRI, TR AR R IR A PR AR 2R TR BB R AR AL o 9 LR A 359% LU L,
Fr RGBT A AR AR AR 28 TR % B 4, T B 4% RUBE 19 26 W P R AL BR A = 3, AH
R, EE RN R AR G AR 2 AR 2 T AU B3 4 /N, AR 2 A R 0 R L B R 4/ N F L B A 7 s 20>
TEANBWI], AR R RS I R AIARTL , fi e R IE )12 3 22 0 R FLAR FLBR A A5 1= 5K 43 R
TR ek REUK e S R RS R & AR Ao O R AR A R T kA R R
JITLA AR 3% B MR 3R TR B R R M A AR B R B, KB AR 2 B AR SR T AR % B A/ N Y 4 2 AR
MEEE K HE/N,

L9 NBHEEN o 2 W 38 A VB BE ) R0 E AR AR, B R, A B il A B, A N ) A8 R
Fabtg  HE RN F BT i T AR S ) RS AR IR R A A B o BEE AR
K MR B AT , AN A o (520 SR % AR R A B R/ IV R A, RN
Wit > BB J AR S AR ET T S BRI, i TR B AR B8 B A K A AR RS AE B, — i
R ZR B 1R e KRR P SR R B, Bleste - I DR 25 4y, B S FIHTK Bxt R 4 B IR RS R R RE N i
DAE A B AR B DR AR R LB IS 2 ) — T AR RIEA T, AL & i
2, B8 KAV S 0 & A A, (E R AL BRRBUR & 77 4 KBS, 5 RS i A5 i 18 , H
R, ToH 2R A PR B AR R o0 AR B 1 B ORI AR, — 5 TRHRH T K AR 43 ORI V7 (W BB 55 , ot ORI fif
() 39 R EIE N — 2 EUE R, B K 0t — 2 A8, 55— T I 3R B (R A A FH 0E— 45 3 2 + e 1L
B, WO 1A AR R o (R,

4 ZEig

(1) X} 4 FORFE F 3 AB B BT & B0 AR TR 75,4 PR AR RENG o - 08 M BRI BT
AR AR BSR4 AR £ 2 (B B AR A K 22 57, 188 P R B - 98 R B2 10 388 M0 1 0 53
T HEBENE S BARERBUN R SR E T > A 55> AR>S Hh

(2) BHERVIHEAB R BB R FHBERANBERESRSEI MR 2R AR 3 B M 1w R 1
Kimidgss, H 28R EMLIERR,

(3) £HEBBEES HANT 0. 5—5 mm ANFERHIH R FRAEZ [ AA7E B B A A e iR R X - 588 i 1
R TR VE ] 2 ZE T 0. 5—5 mm BRHIIMR TR, AR R ARGT Rt/ + 5675 33 M 1 G 3 A FH AR

(4) MRS P MR 2 1 AR P 6 2 IR R A B AR S50 K A o AT 3K RE R, Bl A HR A % B A AR 26 1w
W SE R IE N, FRAE IR IR AB RN K AEZ W8 K, TR AEABRE S IR S5 o BN,
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PR =G 10 AR R [ SRS FOWBTO IR RS AR S SRR A AS [ R RARAE . RSB Ry = MR SO BERR X T H 0y
FAT  PARB T R AT TR IX. b T DX v DX R e R X g T DX T A A 5 =t 8 R KT o8 L BB R BT A SO A
Hb b bV SRR, 5 AR AR SO A W KR R i DX AR i g 5 3T A e B O b b s e v AR X g U
DAY B U i o FABRARE 2 ) FRH DG 43 2R W1 = i 14 Ly - v Uk DX, AU R - IR DX BE R O 2 bt ) M i - 2 it DX A T Pl
8, ELAE R B AT T3 T e - e R XA A LB, A B R B 2% . A A AR U, 10 HhIb gt | R e b
syl | NI R IR S 20l R Y N TR | 7 B 7800 S T ISR (13 282 8w SN A

SRR T IAIRE ; A SO0 Jrd 5 23 (BT 5 s WU R 8 4505 25 18] A AH DG

The dynamic change of the thermal environment landscape patterns in Beijing,

Shanghai and Guangzhou in the recent past decade
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Abstract: The urban thermal environment is an important element for the urban ecological environment, urban climate and
urban disasters. This paper selected MOD11A2, the MODIS LST night data to study the thermal environment evolution in
Beijing, Shanghai and Guangzhou, which are the three major cities of China in the past decade. Three methods have been
applied in the paper, Landscape centroid evolution, Landscape pattern index and spatial autocorrelation. Three main
conclusions have been drawn as follows. Firstly the thermal landscape distributions in the three cities have moved from the
suburb to the downtown. And the evolution trend of the thermal landscape is changed from the low temperature region, sub-
middle temperature region to middle temperature region, sub-high temperature region and high temperature region.
Secondly, among these five types of thermal landscape, the middle temperature region is the most prevalent. The urban
thermal landscape fragmentation was highest in Shanghai among the three cities, and sub-middle and high temperature

region has the highest fragmentation. The urban thermal landscape dispersion was highest in Beijing, and the dispersion of
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low and high temperature region was higher than the other types of thermal landscapes. Thirdly, thermal environment spatial
autocorrelation analysis showed that the high-high temperature zones were adjacent, low-low temperature areas were
adjacent, which are the main types in the temperature spatial agglomeration. And for Beijing and Guangzhou city, the high-
high temperature zone located in the south of the city, the low-low temperature region located in the north. While, the
spatial autocorrelation distribution of LST in Shanghai is more complicated. The distribution areas of high-high temperature
varied among the three cities in the past decade. In Beijing, the distribution area increased shortly after decreasing, and in
Guangzhou, the distribution area continued to decline, which preliminary reflects the heat island effect problem aggravated
in Beijing, while weakened in Shanghai and Guangzhou.

Through comparisons and analysis, the paper has provided a reference for urban planning and urban living environment
improvements , but there are still some inadequacies to be further studied. Firstly, this study only selected the January night
LST data in the three cities. Because the time factors, such as season, daytime and nocturne, will affect the urban heat
environment pattern, the comprehensiveness of the thermal environment pattern changes need to be improved. In addition,
the paper only selected the data in the period of three years, the evolution regulation of the urban thermal environment
pattern is not precise. Secondly, the landscape of urban heat environment were impacted by many factors, including the
pattern of landuse, urban surface construction, weather conditions, terrain, anthropogenic heat emissions factors and so on.
The analysis between the urban heat environment and impact factors will help reveal the mechanism of urban heat

environment and which will be studied further.

Key Words: urban thermal environment; thermal landscape pattern; spatial centroid; landscape pattern index;

spatial autocorrelation

Bt [ 28 U5 i Rk i | R ] () 3k Tl AL B R RN W ), Ly ok it & B AR 2 i, AN 3R
17 HL A BRAE AR AN 24 K — BEF [a] A e RS 2 — . kT A6 2R R mRAS R AR I R 4R 5
PAT G YR 2 IR TT IR, et T, BV, Nk BRI T, A FR B ) 5 | S A G2 S 7R
B2 2 A B AEROY , 2010 457 A 5 B, dbat i im ARIA E] 40. 6°C , MR EWAB L T 60°C , 1k
Sy Ab mTAT s AR [ A A R 5 T 2009 4E 7 F 20 H B FILAIRE IS 40°C , & Bl LI080 FRRE
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