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BT 3B A O] V3 52 B4R B pY g JL L3t X
RMREEETE S

TRF FEE

(CARAEMROL R 2 ARAERE , IR R 150049 2 e VT A MOl I HLRIBE | 1A R 150070)

W E AARBENTARABELTNEAAELY W, UENEAGERZ R EA K ZH
TR ERRAGERENET AN, B EA TN E. AR LT R L A FHE L
Wy SE B AR B ETM+32 R B (% 348 Fr 193 S B & A 3, A F 3038 fn A 52 B 4% B 3 (GWRK) #
SLARMBGEE S BRI E T E IR E RN Z AL A (OLS) (HEE Au A E A
MR (GWR) M A 8RR . 2T LWL 3 X o e ARsk % Bt 2, GWRK By F 3 % 3¢
1% 2 (MAE) 377 & 2 (RMSE) X T OLS # & fr GWR # A& , GWRK # A& By F 2%k = (ME)
& GWR # A | 5 OLS # & 41 It GWRK #£ AL ¢y T 45 & 83.2% , % OLS # A (73.7%) fn
GWR # 2 (77.3%) 2 5 £ & 6% F1 10% , A4 H L £ 5 , % GWRK 4 A 2 Fr Ao i &
i B0 A 2 07 5 R GWRK A A UM B9 #F % X kAR sk i B3 70.31 t - hm ™, 7 R
BREWH X, MR EEASRE, LA ERTEAERK Y.

KEEIR AWM E; KD ZTE; HIE oA E T B A E T B A R R

Spatial distribution of forest carbon storage in Maoershan region, Northeast China based on
geographically weighted regression kriging model. SUN Yu-sen', WANG Wei-fang'* | LI Guo-
chun® (' School of Forestry, Northeast Forestry University, Harbin 150040, China; °Heilongjiang
Institute of Foresiry Monitoring and Planning, Harbin 150070, China).

Abstract; Forest carbon storage has important impacts on climate change. The previous models do
not take into consideration of the inherent spatial correlation structure of residual and non-stationary
of forest carbon storage which limits the prediction accuracy. Based on ETM + remotely sensed
imagery and 193 fixed plots of Maoershan Experimental Forest Farm of Northeast Forestry Universi-
ty, we established the geographically weighted regression kriging ( GWRK) model between forest
carbon storage and extracted factors from remotely sensed imagery and topographic factors. The pre-
diction accuracy of GWRK, ordinary least square (OLS) model and geographically weighted regres-
sion (GWR) were compared. The results showed that the mean absolute error (MAE) and root mean
square error (RMSE) of GWRK were lower than those of OLS and GWR models, while the mean er-
ror (ME) of GWRK model was lower than that of GWR model and was close to that of OLS model.
The prediction accuracy of GWRK model was 83.2% , which was 6% and 10% higher than that of
OLS model (73.7%) and GWR model (77.3%). Therefore, the GWRK model was more effective
in estimating forest carbon storage than the others. The mean value of forest carbon storage predicted
by GWRK model was 70.31 t + hm™>. The relatively high values presented in high altitude area, in-

dicating that altitude had a great impact on forest carbon storage.

Key words: forest carbon storage; ordinary least square; geographically weighted regression; geo-
graphically weighted regression Kriging; spatial heterogeneity.
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AR I K il b 2E 25 R 40, 70 2 BREK A 25 rh
A B AR RIS DA B 58 B TR
KRS AR At i 2 B AN A sk s e 5
WAG IR ST I EEZE N2

I, BRpRBefid Al 507k E 2 3 M M T
AR R DGR PR A Bk ) AR G 1 R b i A
TIER T RRARB A AL S B — 2 1Y R BR A B
PHE I & J 55T 38 EOR 1Y AR AR IR i 1 A 1 7 v
J& BT FEAG T ik 2 — W R w4 R £
HETEBAEXTE A ( Larin gmelinii ) ()4 ) R 3E
FTAATRST, HE B T B fih ik ik 30 1 % e 5 2R R
JEHLIX A RBRARAE B FEAT A B, JF 0 R A ) e E
AT 25 37 AR5 W ARAR A ) 728 8 0 B S AL AR
FRIAE AR AR AU R Xt v b 7 A R 4R T AR
JEARIXAN 5] RUBE BRAR ) &5 B 32, 45 R R BT AR LR X
A B AR E | B IR L0 0.44. 5K 117, Rk
Toefitt B B A7 AR 25 TB) 7 Bk | X R AR AR i A =
BTG G 1T I A A R R T A5 B 25 SR IR AN
ﬂgﬁﬁﬁ.Fotheringhamm Wit RIS HoER AR
Y 1 BEINAY [B] U5 ( geographically weighted regression,
GWR) B Y & — Fofr 2% ] S A OC JRy A 1Y | 38 od % [
FORECH 25 181 2 5 B 05 T T b BEA
A ARG X T 2R ST L, GWR
B BAT SN 5% 22 01, [R) I GWR B B Al K A ¢
DX 3 PR AR (14 [T D32 DB LA B A 0 2 5 %) 25 ] A Akt
130 ML AL 43 #r. 2004 4 A 29 JH 37 K %% 1Y Zhang
SELIE RS GWR ASTAL R AL 5T, R
AR S PRBE R 22 8] Y G 2R DL SR AR 22 ) ) 5 4 A%
e g0 R GWR A A AR i 2 e VAR [ R
B LIRS F- 204 (DBH) B TR %L (TPH)
SRRy PR ) PR VLA ARPRI At 12t 25 (] 201 A TR
98, 45 R ERY] GWR ALY (48045 DL S Al 24 SR 34 4
TR AL SR, GWR BRI A 7E — & Jm IRV, &
AT R FL AR 22 [F1 A 1 43 ) A S 25412 Wasko
S AL AN TR 25 6 O SR T H AR A, DG
JRIT AL Y 42 R i 22 AT AR (R, %o T e JIRASE L 1 ke
ZeA3 (8] HAHDCEE AR HAT R AP A5CR. 3 A [l U9 5
4% ( geographically weighted regression kriging,
GWRK) /& GWR # ALy —Fp ¥ €, GWR 55 i
FIESE G R 8 BLAS 60 GWR AU (1) 5% 25 3 45
PEATAG I, TH IR T 4% 25 1 25 [E] AH DGR A48 1Y) 5%
M), [ s 32 5 125 AT DA R 7t k2 (] 1A T 4 i 1Y
Jey AR 5 Kumar %571 F ] GWRK L%} 3 [

PEH L X A9+ HEH LT (SOC) i 474 3, & K
GWRK A5 LA 455 157 14 40075 RS0 465 32, P A it e
T SOC i ds i 23 ] A - A2 1k 5 28 8] AH 4K A [0) A8
Kumari 2517 F B GWREK A5 %6 357 P4 22 Hib [X [ [ 7K
T HEATAG T X LRI G HHIE S0 T HLAT 23 (3] S5 I
P DL 2 [P Y 58 , GWRK 278 HLA AR 4T 1Y
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A5 HFH Landsat-TM 5088 % 45 A6 Aol K 2%

B LI SE MR R AT B 1t A 53, 40 Sl ST de /N
TR (OLS) GWR #ER GWRK A, %if 1l 45
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TR A B A Jm A T e

1 HRMXEHARTIE

L1 5 KSRt

R ACBROE K A i L Ll 52 38 bk 37 (450 15'—
45°29' N,127°23'—127°43" E) fii TR 4 ik
1, BN 26496 hm? 3% XIS T4 F LS koK
JTAVETGILFRA AR IR, TR TR A AP
F¥7K 629 mm, 4FF- 3 3.1 °C AEHEE: H AR B
W I ZEAA AR ZE AR TR J5 T 1 i 5 SR g 2R
AR AR UM N AR R AR 28 H AL
AR VR BT R R AR R AR B AR
BEIE TR 2 bR, 35 2 4% b 43 3% 1K ( Betula pha-
typhylla) . ¥ W ( Populus davidiana ) . ¥ B ( Querus
mongolica) , K ER F AL FENHME ( Betula costata)
W ( Tilia amurenisis) KA ( Ulmus pumila) | . £ Hk
(Acer mono) 7K f Ml ( Fraxinus mandshurica) . #k
Wk ( Juglans mandshurica) 11147 ( Populus davidiana) ,
A D AL - ( Fraxinus rhynchophylla) | 85 %
( Phellodendron amurense) FI24 & A ( Larix gmeli-
nit) ZLFN ( Pinus koraiensis) 1 F-#i ( Pinus sylvestris
var. mongolica ) 5.
1.2 BPANEEE R w5 Ak 3

ABFFEEE R AR IOl Rz 1R LI SE 30 b
2016 AFPHALAY 263 HLARAR BT I % 221 A 18] K
Holie , o A Ak 193 He REHb R 32 U FE MY, 434 7
1 kmx1 km BRKE L THIERA 0.06 hm? %R 3 P4 iy
AT BT BEAKG R IR 5 em, 05k B
PR 7 (DBH ) R DL SCIR 2 R HURE it Hhcs a5
(1) GPS AL bR MG EETE 5 m N AR B BEAL AL 1)
Jri R 193 BT MR RE A A% R 3 2 1 3 D P
gr, e 147 B AR AR 46 BUE NI FEAR.
{1 Dong 2517 4 H A AR JUARIX. F2 B2 bR 4328
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743 B 25 A b By T APURR AR

1.3 BRI S ab P

T SRS R T 32 (R BUE = (http ./ www.
gscloud. cn/). 32 Landsat-ETM+ %% 38 1) 52 1% N
WGS-84 ffiBk UTM 52 , i8] 4 2016 47 H 21 H.
A5 AR T Landsat 804 B & 5 A AE—
(R 25T, 2 S 45 2R3 il — i 52, PRt A BIE S
FIFH ESRI A I HE ML Y Landsat_GapFill 47 44 % £ 4
#1718 5 ( http ; //landsat7. usgs. gov/slc _ enhance-
ments/ gapfilled1.php ) , TH & 25 47 (14 52 M. R 1 BR K
A HTEFIE S B B UG 1B S 1 R 5
A ENVI X TM 2481 6 3B (A3 5 6 i
B am gl A B ) AT TOOAL B A 5 e 1 SR A
P8y P50 R L e 5 2 R s B 5 A6 o e A 5 (L
il it ENVI ) FLAASH BB 18 B AR B4 T U
1, T BRZK TR 18 B AR A T8, 1) FH AR P10 1 JR
SARIEAT JUTRS BT, T B T Xof 128 B3l 1 1 )
T, TR IE G IR ZETE 1 METTN , Ab S 138 J8%
SN 1 PR HOE S 7R AT AW3D-30 DEM
B 2 B B AR TS AR OF T 2014 4F
I At DX AR A4 30 m 73 B 1 — AU 5 s R A
U (http ://www. eorc.jaxa.jp/ ) , 7E I A [ H2HL
e I ] SRR A MY SR
1.4 AV &

VIR 65 A H AR, EEAS ARG
BB IR FEE SR ILAR L A G, B 45 0 — A w95
BONDVI) (3 B AR EC(PVI) | S B A Bl 48
BO(SAV) S AR B R 38 A 3 e 19 - 24 {8 X
PURE R SESCHRRIE (3% 3) R b B I3 I 1) 45
Mo R 72 SE A DGR A AT, B 13 A fl 2k
K a=0.01 AY7ZE Rl 26 1 BT, BF 5T X s Y
Ff b AR MRB A% I 55 ELLNDVI SAVI, TM452 Fl TM42
L IEARSC, RIERARBI A ek Bt v R 55 P 0 3

1 EEREA i
Fig.1 Distribution of fixed plots.

x1 HMBREESEEEMNHEXRY

Table 1 Correlation coefficients between the plot carbon
storage and independent variables
AT K REL
Variance Correlation
coefficient
Jdi B bl 0.402* *
Original band b2 0.360 " *
b3 0.362" *
Uitigne b4 0.293**
Vegetation index NDVI 0.429* *
SAVI 0.427 " *
PVI 0.267"
idEeivey TM452 0.499"
Band combination T™M42 0.481 * *
E 7% Elevation EL 0.556 * *
IR A A Ent2 -0.428**
Entropy of gray level cooccurrence matrix Ent3 -0.271"
IRIE SR 1 7 22 Var2 -0.261"
Variance of gray level co-occurrence matrix Var3 -0.321" "

TM452=TM (4+5-2)/TM (4+5+2) ; TM42 =TM4/TM2; Ent2 . Ent3 43
SRS B S = U B K B AR A B A Ent2 and Ent3 were the
entropy of gray level co-occurrence matrix in the second and third bands,
respectively; Var2 Var3 35155 I B 58 =i BOK BE 36 A KR I 1Y
J72% Var 2 and Var 3 were variances of gray level co-occurrence matrices
in the second and third bands, respectively. NDVI. T — Ak Al 9k $8 %k
Normalized differential vegetation index; SAVI. - 3 i 4% 4% 9 48 %
Soil-adjusted vegetation index; PVI.; 3 EAHBIHE S Perpendicular vege-
tation index.

R ; FRARBR A 15 Ent2 52 9 25 6OROC, BTRE
# Ent2 FEAR, AR i 5 0.

BAEBFE B A AT
Npyi= Ma-TM3 (1)
T TMA4+TM3
PVI=1/(0.335TMA-0.149TM3 ) >+(0.335TM3~0.852TM4) >
(2)
14L) ( TMA-TM
sayr= S 3) (3)

TMA+TM3+L



53 PVEERRSE : & T M FHUNAS (81 50 5 FELAR ASS 70 Fy i L 1Ly s DRI i ik 2 1] 234 1645

Ko L OREZ T SR T, 2 LAE R 0.5 B, 0K
L B DR /N s TMA T3 43 531) Ry 3T 21 40 i B A
21 B
1.5 Wk
1.5. 1 0LS £ OLS J&—Fh A H n 4 MEL{E R 1S
p ST AR g 5 R AR i 2 R 5 25 V- O Rl /D AU
5 HAKWT .

Y= i X B +e (4)
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T, IR MIEZS 206 N(0, o) Sl It 56 M 2 (5) 9817
it

B=(X'X)"'X'Y (5)
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(i=1,2,--,n) (6)
s (i ,0) 4 0 SETAAR B, (e y0) M 0 s B BT
ZHGB (e, v,) F i KRBT ; &, S AR 250, BEAR

IEASME N(0,07).
A ZHOE o T X5 AT A6 T
B.=(X'WX)'X'W.Y (7)

Ao, W, 2 i AL Y 2 ) ASCER N AR R R, s T L
Z 5EARINE S ¢ 5002 AR, A 5T
Gaussian PR 2% S A , kU .

w3 ] 8
= (8)

A d, O i S AL R Y RS AR O, F
Xof 7 A ACERER /)N 5 b SR BT, A O Y RS2 GWR
RSG5, ST s 9 i 3 DL AICe VRS HED
FIFH B 4 oy I R 8 ALCe (HfR/INETY b (A
it e AlCe A AR .

n+ir(S
n—2—t(r(.)5)} (9)
fron REARE o S 000N (E 1% 25 TR B 1 TR
tr(.S) iy 5@ R RSO - e ) 38

AlICe=2nlng +nln2w +n{
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J& JEXF GWR B AL G 119 5% 22 56 43 473 30 52 B
FEAGTH (OK) SR H 3R 258870 5 GWR BEAMLLG 1Y
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P
YGWRK = ﬁo(/% ’yi) + z Bk(:uﬁ Ui )xik + 801((,“’[ ,Ui)
k=1

(10)
A (g ,0) 4 0 SEBTARAR B, () M 0 i B 01
SR e (e, v,) FIRBIAE © R 22, OK iR
Bl 7 ([ 5 A = G DR e ST WA

‘;OK(Mi,”i) = Z)A‘ié/-‘ﬁ”i (11)
i1

st A, SR ABUIAEINY § S AE I TR 7
i S R E  RIA U
N(R)

V() = 5 X e 1) =) 1P (12)
Koy (h) BT REGR A N(h) 2 h BB
FOULINEL s 2, +h ) 2R (oo +h) AR BOILIAE ;2 (&) M «,
b WL 18] 2 J2 B8 S R BUR =R e AL
(Co) KRN LIRS N LR E R, A
(Co+C,) R N BEHLAL 5358 0 5 ] 78 728 57 &8 7 2
RHUEH €/ (Co+C,) ] SRS ] BRI
FHEFEbR AR BU/IN, 23 0] 3 AH G 7E BE ar An 7R 5R
INAFAE S [AH DG ) e KBRS UL (E =22 1] 1Y B
BRTFAERRN  WEAE 1 A A SRR BT 2R 27,

1.6 HBREIEA

R FE1% 2% (mean error, ME ) -3 X%} 5% 22
(mean absolute error, MAE) (2 /5 H3 1% 2 (root mean
square error, RMSE ) Fl1 71 Jll ¥ J& (accuracy, Ace) Xf
BALHA TS BT H 5 AT .

n

ME =13 (27 (x) - 2(x)] (13)

n .=

WAE = L3 1727 (k) - 2(x) | (14)

HEMH
still

B2 PR AR A
Fig.2 Sketch of theoretical variogram model.
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= Eitd 30 &

pz.
&

RMSE#,‘Ii[Z*(xi) “Z2(x) P (15)
1o z*<xi>—Z<xi>}

Acc =1 - — 16

|: z Z(x[) (10

n -
K27 (0,) N x, B TNAE 5 Z (x,) R, AR
DU 5 M S A 2 455 780 T30 000 s A5 o B ) 6 s, T M1 7k
BT 0, mAS LB /)N MAE i1 RMSE 2 £ H A5 1
FESNG FE B FE AR, A8 )N AR HRORG B2 0 5 Ace /&
AR FINRG 2 o B8 bR IR AE AT 1, B
RUF RE 77 fdy

2 ERENH

2.1 FRMRBRAE R SE TR

H 3% 2 AT LLE 05 X AR MRk i 1 7F 2.98 ~
132.76 t « hm™ | R0 (R + R0 ) 14 AR ARk it
HHME N 75.53 t - hm ™, 5 2015 4F BRI ITA R
OB AT B A B i 72 55 R AN ( coeffi-
cient of variation,CV){EHH 32.0% , /& THEL R W
Ji (Skewness ) fH 0.13 , UL FEAST & TE 4041
HBECE DT AN TE 3 firs.
2.2 OLS fisl

18 3o 3 A B ( stepwise regression ) M5 B AT
PR BEREORIIE 5 AR AR A 12 A DGR B 3 09 A
At R R A LAY | MR A A AR 1) 22 o 4
P AR B AR 2 2 PEKF SLE=0.1, 78 f {4
FERE I i) (25 K SLS=0.05 , Fe 2 ik H i A
(EL) T3 B A B AR £ (SAVI) 5 2 I B 3L
AR FERYIR (Ent2) i JEREACH A9 A8 | LG THRAE
AN 3 B i 8 H A2 B ERT OLS AR ALl &
FATTLUIE M, B = RG890 3hisiv)s, #&

x2 HMmtEERNRRSIT

Table 2 Descriptive statistic of forest carbon storage

ARS7 T B ; SAVI 7E NDVI 1 56t | @ i 5]
A J2 15 S RN T S NDVI 952
e, LB 10 W AR AR %) A R B2 R G s Ene2 J2 4%
I B B A i R P 2R BHPROR 114 73 A R B
K, Bt B fit e A 3RS0, BRI B RO, BRAR 31k
FERE R K. G A e RECTIE ) P (HY/N T 0.05,
[FIEF VIF B/ T 10, NFETE 2 8 2 v B A0 ot o
FE(R?)IRH) 0.42, A — & FEEE L AT LA B S 1A
R BEA ISR
2.3 GWR A

K= RRE (EL) | A 38 I8 # A8 1 46 B0 (SAVI) |
55 2 W B B AR SR R (A ( Ent2) 7B GWR AR 7
()i A e R AT 2 85 Il 9. R FH i S0 o B, 3 o
AlCc 18 f /)N B T D0 326 B fpe (47 980 9239.87 m, &
AFESOFRA 53 MRS 5 R, CWR BRI %
AR B [ R BN GE e 5 Fis. . GWR AR A R”
0.43,Ent2 fy mIH R EI R 7AE , 5 Db it o 08
SBAAEREZR SAVI F EL By [BH R A K iEE, 5
AR i e A5 S 1R DG 5C ZR . (] IR B8R 118 0 A A8
KA X5 4 JR AL A S A 90 45 SR AR — 2K
2.4 GWRK #if!

FIA GS+ X} GWR B 7Y () 2 B AT M 458 1 oy
BT, 0065 L% 2 A B 28 S R BSSE 28 Ay ey AR 7R G
e ZEGRE] 0.8 LhL A RCR BT B /N T
25% R FE R 2460 m (3 6) , Ui B 7E 1% 16 Bl N
GWR BT ) 5% 25 fE A — 2 W25 0] AR OG , AT DLHEA T

38 o AR A (E

2.5 FEAUEEEEM

7 7] LA 1, GWRK A B i 3 1y 4% 2%
( MAE) ¥ 75 HR % 22 ( RMSE ) ¥/ F OLS 5 4 |

451 FEAEL FHE b2 5 AR HR/ME RKRME T B2 [3;3

Group No. of Mean SD Cv Minimum Maximum Skewness Kurtosis
samples (t+hm™2)  (t-hm™?) (%) (t-hm™2)  (t-hm?)

AR Modeling dataset 147 74.46 22.22 31.2 2.98 129.70 -0.19 0.33

KB40 Validation dataset 46 76.13 21.08 33.6 7.71 132.76 0.22 0.06

BB E Total dataset 193 75.53 24.17 32.0 2.98 132.76 0.13 0.07

#3 KMEFETENHIESEIT

Table 3 Descriptive statistic of variables of validation dataset

Akt i EE EREM RME A fi U

Variable Mean SD CV(%) Minimum Maximum Skewness Skewness

E 7 Elevation(m) 447.91 98.08 21.2 263 727 0.50 -0.17

PR A RS L SAVI 1.19 0.04 3.4 0.90 1.23 -4.60 28.83

TR FE LA SRR IR 4 Ent2 1.26 0.28 222 0.49 2.04 0.02 0.09
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Tl [

2 15 28 41 54 67 80 93 106 119 132
FARBRAEER Forest carbon storage (t-hm™)

B3 e s

Fig.3 Histogram of the forest carbon storage.

F4 HMARBERFSEEMHR AL ERE
Table 4 Regression model coefficients, significance and the
collinearity test

A ¥ FmEWK  PHE
Variable Coefficient [K-F VIF P value
H AL Constant -150.75 - <0.01
=2 Elevation 0.10 1.14 <0.01
FEBEFEHL SAVI 167.14 1.2 <0.01
TR BE A 56 (99 Ent2 -15.10 1.17 0.01

#£5 GWR BB RHFHEMSEITIFE
Table 5 Statistics characteristics of model coefficient esti-
mates of GWR model

AF BoME - PfE H=4 RKE
Variable Minimum {40 Q1 Median  fi%4( Q3  Maximum
=y 0.083 0.091 0.097 0.108 0.124
Elevation (m)

FIEPEMRIS R 174.849  190.990  211.312  244.200  309.300
SAVI

REHAEAER -19.647  -15751  -12.164  -9.015  -4.022
B4 Ent2

F6 GWREREKREZMTRABERSH
Table 6 Variogram model parameters of regression residu-
als of GWR

A A il RAMH it TR RERK
Fitted Cy CytC, Cy/ (Cy+C)) Range R?
model (%) (m)

[ELE R 059  5.62 10.5 2460 0.948

Gaussian function

GWR B, H MRS B (Ace) & T H A7 2%, 8%
83.2%.CGWRK # AU ) ME {54 0.71, 1% T GWR #4
A5 OLS BEAUAH I, 1B GWRK 452 5 Ak 38 11 {5
FEEEAGS T HAR PR 3. 76 3 Aok h, GWRK #
A% MAE F1 RMSE {H /)y, GWR FRIH YK, OLS #5
RIAEXT 4L 2 GWRK Y Ace fH K, %W GWRK 77
A TN 45 5T AR, TR B e A A B
FE X8, GWRK A7 g T30 3550 S dpe 19 7 s, 3 b
R G a2 AT AN B 4 B,

RT3 ANEBITNEE N RIS M IEAREILR
Table 7 Comparison of precision evaluation of three mod-
els

o Ei] TR PR BTHIRZE WK
Model ME X% MAE RMSE Ace
(t-hm™?) (t-hm™2)  (t-hm?) (%)
OLS -0.132 16.721 19.490 73.7
GWR 6.843 16.691 19.957 77.3
GWRK 1.514 15.174 16.225 83.2
80
60f ® ®
~ anl ¢ o .
& 40 o o ° ce o o
E 2| o %0 o eko e
@i’ or © % "o 396@0 ? o °
s o & Qo S
LB oo, 88"
8 Y ° ‘3 Q <
40 ° © GWR
o ° o 0 GWRK
60 © o & OLS
80 , ; , X ,
0 25 50 75 100 125 150

FEAkBAE R Forest carbon storage (t*hm™)

B4 3RS R UL DR fif it 1 5% 22 43 A1
Fig.4 Residual distribution of forest carbon storage of Maoer-

shan region fitted by three models.
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H ELLSAVI Ent2 2 { A8 5, i 3f GWRK £ %
XL S 55 bk 3 31 1B P9 ) 8 PR e it et 2 4 T30
A A — Lo A% S 25 52 308 B A A5 Ath b
FERE I, (R A et (B Y AN & 38 AR AR H 4%
] 52 A AF 9 P BB VT Fe /N BRI A i1 ( 2.52
v hm™) XA BHE AT AR S R, B D) A2 B A
Hofth Mo 252 i ()5t A EL 5 0] LU HY | BIFE DX AR AR
BB R I 2.25~126.25 t - hm ™2, 34 1EH K 70.
31t - hm™, & A 2R T AR A6 HR A 6 Hh
X, i X A i e (AR X A1, 1 PR T N80
SRR B 7 R N 1 A e, AR TR,
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Fig.5 Spatial distribution of forest carbon storage of Maoershan
region estimated by GWRK model.

L RRAARR fif 5 B MR A 1 ) B O AR TH R T A ]
JoP AR UL O 5 T, oA 2 il SR 0 3
PR GWRK BLRXNS GWR BLBIHEAT T4 R, &
G % P 28] ) g T o A6 5 B A B2 ) 38 7% P
GWR AT Y5k 22 [ A7 1 2 [A] A S 4544, XF GWR #
BUDLE 5 2 B0 70 A 333 8 LM AL, 8 5 3k
22100 5 GWREE B L5 (988 S I HE AT AR, 2 %5

. B Legend & >y
 Bf#E Carbon storage

4
(thm™)
- 126.56

252

6 3 FBEELAN SR AR L Lt DXOBRARRRR A o R PR IR

TR BE A A 50 g T M v LA (OK) 5
GWRK R A + 5 A7 AL 25 [a] 4 {8 4G B LA B il
BRI 22 57, 25 B R W, GWRK 1) il B 0 5 o
TICRE A, [ st - A ALJSR 14 Jo 3 A 40U SR T ok .
Kumar 251157190 52 F] GWRK #5278 %o 2 [ v 7 348 b [X.
T PUBTHEATAG BN & [FAEIED] T GWRK 5
RS AR S F vk BOHE A 55 Y P R . AR OF 5 R
GWRK R Xof FRMARI A et E A7 A 55, JLTR0OMKG B 5
AR B 5 5 A — B, B A TR B (Ace)
K 83.2% ML T HA 2 Fhr vk 1 6 4300 R 3 Fhisi Al
T AR At 12t 25 [R] 4345, AT LA 1, S5 At 2 Fh
D7 AR, GWRK A5 7 454~ DX I 1) {48 16 5 fin 5=
B, HEE AR 2 ) 1 3 SR e, N AR B S BE
Hat g, O A 58 5 R AR e s ) &

FRARBG A Ht 52 bR A ST $th R B o 2 ol AR
Sl NS B A ey VAN 1S A
SIS DX IR [ RPRIRA T S AR 52 NN+
Pea b BT AT BIR | (AS ARp ik i 2 (1
A, B 5T DX 3R P 2R bR ik 6 OF 4 (R 70. 31
t - hm ™ 23 (B 4040 b A8 N8R AE IR 3K X 8, A2
N R FHRr 52 ma , FR AT 5 B AR, Ak fifs 2 (B AH 0 55
I 5 BE TR I 0 T s, AR PRI A ek 32 34 K
R R B TR (T i, N TR L BEAIG, ARAR

A
0 5 km
I
" EH) Legend ’ " B4 Legend
& Carbon storage = W& Carbon storage
(thm™) . (thm™)
- 130.31 — 126.56
252 252
¥ - N

0 500 m

Fig.6 Local view of forest carbon storage of Maoershan region estimated by three models.
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