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Research progress on estimation of vegetation carbon storage of grasslands on

complex terrain by remote sensing technology
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Abstract; Grassland is the largest terrestrial ecosystem in China. The accurate assessment of grassland vegetation carbon
stocks plays an important role in maintaining national ecological security and guiding the development of animal husbandry.
Vegetation biomass and grassland area are the key parameters to the estimation of grassland carbon storage. With the
development of remote sensing technology, the estimation accuracy and efficiency of grassland biomass and area have been
significantly improved. Various remote sensing estimation models of grassland biomass and land cover products have been
developed, with high accuracy of estimation results in flat areas. However, in complex terrain area, due to the high
heterogeneity in ecosystem structure and functions caused by the geometry and consequently water and heat distribution, it is
difficult to accurately make out vegetation types as well as the biomass and area of each type. Therefore, it is difficult to
adopt remote sensing methods suitable for flat land directly to estimate grassland biomass and area in complex terrain,
affecting the accuracy of grassland vegetation carbon storage determination. This paper reviews remote sensing methods and

the key parameters in estimation of vegetation carbon storage of grasslands in complex terrain. It points out that LAI ( Leaf
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Area Index) inversion is moderately affected by topographic effect at slope above 30° and introduction of topographic
parameters obviously promotes the accuracy of NPP ( Net Primary Productivity) estimation as compared to that with NDVI
(Normalized Difference Vegetation Index ) alone. In process models based on remote sensing, topography affected the
determination of key parameters including optimal temperature of photosynthesis, soil water content, grazing intensity,
vegetation type and phenology, and carbon allocation. Ignoring rolling topography underestimates grassland area especially

with slope above 30°. With a thorough analyses of the fundamental issues, including " topographic effect removal and scale

" n

selection of remote sensing image", " selection of vegetation indexes and topographic parameters", " calibration of
vegetation growth parameters in process model" , " estimation of grassland area" , " matching of meteorological data with
microclimate in complex terrain" , the paper proposes corresponding solutions. Among the diverse vegetation indexes, EVI
(Enhanced Vegetation Index) is more sensitive to topographic effect, which is better used in smooth surface with high plant
coverage. NDVI is recommended for terrains with slope less than 25° and moderate plant coverage. However, all the
vegetation indexes should be corrected in terms of topographic effect in rough terrains. For topographic data, TWI
(topographic wetness index) or indexes of terrain complexity is needed to characterize rough terrain. For climate data, it is
recommended to combine fine DEM and re-analysis of climate data to fit micro-climate. The paper emphasizes the
importance of characteristic length scale of remote sensing image and suggests it is much larger than the mean distance

among the ridges in rough terrains. To dampen topographic effect, C correction is proposed to be a simple and effective

method that is applicable to estimation of vegetation carbon storage in grasslands on complex terrains.
Key Words: vegetation biomass; vegetation index; grassland classification; topographic effect; characteristic scale
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Fig.1 Relationship among grassland NPP, annual maximum biomass and vegetation carbon storage
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PeRe 1 , A5 2SI AN 2R ™ 25 b B A AR R B R BRI 25 45 7 1A 4R AU IR A0 1Y
/I B HE X R 9 i R SR A SR . TR B b B o R v P MU IX S BV 7R R AT 55 B b 4
[ s} 355 B AN S 25° BRI [X, 48 NDVI' 7 s 435 BEd Kt , AT AW 48 SO T e AL e

LAL # HI TR e 2 G540 S DN RE , L2 B PRI 0 G BE 280, KT, 90 A R S 3 LA Y Bk
KRGV ST RO B e ) R IIE A 2 I X LAT 7= i (RS B L BRI, 36 4 (A — 35 m]
WSHRIWTFE, LB T i 5 LAL 520 503588 GPP 552 GPP #9228 5%, R L H i GLASS ( Global
Land Surface Satellite) il GEOV1( Geoland2 version 1) ) LAI 7= 53 HE 1 GPP K5 e .
2.2 HIEEE

FHAL R — I K, TWI FIHBIE 52 2% B B S 4 SRR 9% IX R 3K A8 DL AR AR AR B L . TWI BI85
AV FHE AT BGR, H IR A 2% B R DA b e R RS AR AR B A S8, mT DA M e HLRE B MR AR B 0 I 4
B A TRER A H UL MR A 44 R O Tk A R TR S B B L I AR 2
e P b2 | T AR 2, RO, MR AR 25 bR 22 5 L X HE B TR BT B Z5 R Grohmann
AU R BB P 1 2 R A TR B 38 P e DX R i B X S8R, S B 32 0 MR R 0 B A RAE b T A5 1) R A
FHIE,
2.3 SABHEHE

GG — AL 1l ( H L e MR A B i i) Rk L XU R BB S UR A B2k AR
S R ORI sl s TR AOARRAE > L 2 A I K PR S ) i T (e 45t 3 7K AR 40 A 5 57 38 b AR T 8T
TEF-$H 30 DX FH 0 — RO 7 vk (Anse B4 SOBR B8) 1R 8K 4 OB SRS B, 2 R KRB AR L) 52 J% Hly
JET NPP HUAE B Bk it ik 70 o 00 1 30 T B 0E R4 BN AT TR A IO SO m i Y MTCLIM ' B
(Mountain Microclimate Simulation Model ) #F1 #5440l 3¢ 2 G 45 1 AR HOW FH T2 2 HE 92 804519 4 Fhor
248 T A T R R AR e
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Table 2 Methods, principles, advantages and disadvantages of meteorological data acquisition in complex terrain
Tk J 3 Pk 27 3CHik
Methods Principle Advantages and disadvantages References
N I - 5 90 G R e s S N
Lives ) : A AR ;5 LAY
it RIS ST T I8 T2 ok kb, e, W BRARAEGR SETHBORAORE g o)
Experience statistics JRGNEIN B SZ ARG RSS2 R
Uk
GIS HARE & DEM, SEHLIL X R BRAR S o A e g 4 e
GIS 15 DEM 254 E58 s gtk e TN SRR LEEAE
GIS and DEM combined calculation 5 5C 22 I ERAE ) B FARCADL %) K B 48 B 4 ﬂ{l%%/%;‘]’i: o
HHARLNT -
ANUSPLIN LG8t fe s B (R ; =
Meteorological data zg;ﬁgﬁﬁzgﬁ*ﬁ{ﬁﬁ% AP B TR g R [86-87]
interpolation by ANUSPLIN ! -
e A LA B (5 2 2% e
MTCLIM #5254 SR SEHE 2 ST IE i Il ARSI FH P Y T Ml (19, 82-83]

Model simulation by MTCLIM b DS VR 2%

73— R B R

B o T R SR B R AR (O BBy vk B RS A 1 ARl A 32 252 1 0 S Bl A v b 7
DX BRGNS UL LI A AR ol LAYt 4, 5% B B R A B8 WA P o0 (NCEP) iR AU 52 0 (NCAR) #Y
NCEP/NCAR , 3¢ [ [&] Z P15 4z .00 F1 52 [ B2 58 ( DOE ) ) NCEP/DOE | 36 [ [ 5 i 25 fiii K J7) (NASA) 1)
NASA/DAO W A A EE TR H o0 (ECMWE) B9 RA-15/40 H AR T (JMA) FlTH, 77w YL iff 58 B ( CRIEPT)
[ JRA-25 255 FU T B E S L MR R I8 ™ Zhao 251 F4 T MODIS NPP 7 %) | 3d 3 Fp 4
SEEAE R BUSE , 2B ECMWE 2080875 2% NPP K B2 5 s, DAO IR Z, Tl NCEP H T X ik BE A7k AR 22 1)
ARAR (ol F505 JEE F fI, 2E T X =R S B Y 2Bk NPP AR 22 M 20 Pg C yr' . BRWGFAHTRLE 1
FHF52 2 M | 5t e B2 2 it T2 o i B AN K A 5, ke A5 243508 NCEP 5 WorldClim (http -/ www.
worldclim.org ) ARG, IS 21 2« HE X NPP Al AR Fr 35 1 G 98kt AR SN F /N X 38 52 24
JE , f = 43 R IR 307 WorldClim 4 BR S5 AE 15 8085 2E (http ://worldclim. org/version2 ) H-A5 1R K ) W FH |1
5, TR A TEE (A BUR BEAY HER ) 25605 40 DEM B4 RLBE L DT e B 5% IX 385 0 b O | T L35 25 4 4 b
T¥ bRl BBt 52 T T G B 1 i

3 ERMBEBRZGHRERZES RN LR

31 EAMIPEIEGAR U R

JRUBE AR I A L 2 5 B 1 A RSO RIE 5 I, ROBE SO0, 5T e 1 S S RDAR [ L
(IR A GO AL & B A5 BASTR , DRI AN TR SR 1™ | S BUE B AR o A B it 1 (1) O R A
ASTADRE BE B RUBE AR [T AAAE 22 5 0 AR IE T R e 45 B ) 53 2 JRRE A A5 S8R S 0 04 11 v
TR TIT 52 ) P 4 A S ZRABE TR FROHE 2, T S D0 1) RUBE 22 LI AR S 228 | IH a IBGE R RO ik R R
PRI RO PR AR, BETE R B, BEE 1R AR B A HLAL (A 30 m F1] 1000 m) , HUJE N5 S A w4
BOGARDCHEZ WG TR > | T 2R (G T 15 A 25 FR G it O R AU (RS e A r i v . LS ()3 SRR A S0
A ) B B A AN TR VR T RUBE B — i B DX 3 R 8 RE el | SR A /R TR — B/ T 100 m, 5
WAL E AR R 22K F 100 m 7 5 TWT 76 Jay 35 0 DX J8RUBE 35 B8 il 3552 i st A e 2 R L B BGAR A
B A5 SRR Pt 2 RO R, HUROR R RUBE B I 5 A BESR b, 1)t (0 23 Bl 3 5215 RBE B i 34 ; 3t
5k 25 AR v 25 5 H JRy B8 RURE AR M AELAS REAS: D) DX IR R R R 5 vt e s o 2 BE A T 38 0T, R0 DX Bl L8
HIERR

PP 0 SRR AR B R ME RUBE A R TR sl B A 0 B b e i e A AR AR RUBE S ot P A & 46

http ; //www.ecologica.cn



6346 JAE = 40 %

MEGTER AR | A7 AE 5 SRR S sl BB ) Jre N AR B Y AR S B TARAE RS, il TR
NS SRR O, R M AR LM eI TR A B GE , ANTRG TR [R] — M) 1) i 5 B e AP AEAR KA 22
S, DL S B SRR 5 S NPP R O 2 ORI S R E . 0 BER AR T AR IR )BT, 3y oy
R G NN EIR A R R A YO 2 T LA 22 5T % A5 FR 1) AN P76 AR L 5 w8 52 SURR S AR
I , B IRABOEZ AL RE 5 B R7KF-H R A RE e — 20, I SR 5T RO GIE R ik A RE A SRAE SRR Y O
SRR RRAE R R Oy 2% R B R A B A e — 0, T 43 9 AR A0 LA 4 38 SRS AR 14 SRy B 2k
A MR, 205 25 R PR RZAR A3 3R 0 RLAR I R AR, e 17 P 4339 3 D hy i SR AR R R AE RUBE D R AE R
FHIPIEIBAR A A O, WARVE SR N — SO RV E A TRE , ARAR O AR IE N 5 e M sl bR B R A — B

AR R B R DA ik DR AR T I M 0 ) 52 SRR S B 1 1 e ke REBRG (LA 52 2 2 DX U 157 AT A AR DR 14 S5 PR
Moo ANF TP, P B AR S5 4 (15 52 2 P bl A7 A 3 254 b E DR A 22 55 T e My ) Jon SR 55 5
Mt S5 A L IRRRAE RUBE AR AT, N 2 P XSS R AE RUBE T RS R T AR5 X L AR i B S A 30, X
FF TR SERIE,
32 EAMIE ALY 2 ER

SAGHBIE RN (47 AR LB D A T 1 7K T B 4 R R A 1 9 L B e Y S S i M RE i 5 1 e S
e R I | B FL 24 IR BE A T b 36 A5 2 1 A7 22 5 ) R JBE IR A TG 22 S WO 4 IRUBE, 75 BT B et ) S S
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