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Simulation of regional forest carbon storage under different sampling densities
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Abstract; Forest inventory data still represent the most direct, accurate and reliable source of information over a long
period. Given the substantial labor, material and finances required, we need a reasonable sampling density (SD) to reduce
the workload of field investigation. SD is a key effect on the accuracy and cost of estimation. A minimum number of sample
plots given certain accuracy requirements is the most economical solution for spatial estimation of forest carbon. At present,
most research on forest carbon storage is only valid for a particular SD. Studies of estimation accuracy at different sampling
densities are rare. Generally, the greater the SD, the smaller the error. However, blindly increasing SD is not desirable and
does not continuously reduce total error.

This study is based on Forest Management Inventory-measured aboveground carbon storage data of Xianju County for
Taizhou ( Zhejiang Province ) , and Landsat Thematic Mapper imagery of 30 m X 30 m resolution. Using sequential Gaussian
co-simulation (SGCS) and sequential Gaussian block co-simulation ( SGBCS) algorithms, a geostatistical image-based

conditional simulation technique was used to map and analyze uncertainty of natural resources and environmental systems
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during recent years. We explored the effect of SD on forest carbon and its spatial distribution estimates, uncertainties, and
spatial variability at four SD levels, i.e., SD1=100% , SD2=80% , SD3=60% , and SD4=40% of total plots. Because the
international forest carbon market needs various scales of spatial distribution, we designed two scale levels; 1) the impact of
different SDs on the spatial distribution of carbon estimation at regional scale, using the SGCS algorithm with spatial
resolution 30 m X 30 m; and 2) the impact of different SDs on upscaling for regional forest carbon estimation, using the
SGBCS algorithm with spatial resolution 900 m X 900 m. This study is an attempt to reduce the investigation workload and
provides a reference for implementation of a forest resource inventory.

The results show the following. 1) Under different SDs, SGCS and SGBCS had the same distribution trends in
estimation of forest carbon density. SGCS estimation was able to meet accuracy requirements when for SD2, carbon density
was 0 — 67.485 Mg/ha with mean 15.425 Mg/ha, consistent with the measurement. SGBCS carbon density estimation was
less influenced by SD, all SDs could meet the accuracy requirements, and a smaller SD had no substantial impact on
upscaling. 2) Uncertainty of the SGCS and SGBCS estimation had overall rising trends, and the growth rate was smallest for
SD2. For SD1, this increased by 1.08% and decreased by —1.71%, respectively. Uncertainty of carbon density estimation
by SGBCS was less influenced by SD. When SD was changed from SD2 to SD3, it reduced the plot number, resulting in the
greatest impact on uncertainty of SGBCS estimation. SD had less contribution to estimation of the spatial variability. 3)
Estimation of forest carbon storage and its distribution with the SGCS/SGCBS algorithms could reduce the requirement of SD
appropriately. Not only were we able to obtain reliable estimation information, but we could also reduce the workload of the

forest survey by at least 20% for SD at the SD2 level (about 0.010% of total regional area).

Key Words: sequential Gaussian co-simulation ( SGCS) ; sequential Gaussian block co—simulation ( SGBCS) ; forest

carbon distribution; spatial variability ; uncertainty
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Fig.1 Location of the study area and the plots distribution
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F] 1.056, J@ o AR 2 B0 10.208 Mg/ ha , 5230 H I & 11 0710 .

*1 HARERHBEEITE
Table 1 Carbon density calculated in the study area

HET 2 R R BEny KU

Model name Species  Models Sources

R ST HE 1 A Y A kg

RZ

2362912 -2.5 0.819180
AR B = 0.086904 x {02 X [1 3+ (o 232467 + ) ] } WAERE, 2013 0.887
Biomass model D
2.4466 -2.5 0.824439
M B = 0123111 x {DZ X [1 3+ (o 2358 + 5 ) ] } 0.876
N 6 -2.5 0.901726
i 7] B = 0.108921 x {02 X [1 3+ (0 2791 + D ) ] } 0.796
678 -2.5 0.893738
i B = 0.097822 x {02 X [1 3+ (0 3063 + ) ] } 0.825
FEHBAR S B/ (Mg/ha) - ) > B N -
Carbon density G = 05x 1000 % 0.08
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Xt R ) B R 6 AU BEK BE (B, Bl Band1 ,Band2 ,Band3 ,Band4 ,Band5 Band7, i i3 3 Bt/ BEA AT 5345
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vegetation index ) 25 FIAE H R 2 K (B %) 22 18] i AH S
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Table 2 The statistical description of the plot carbon density

REAK CRBES ) wAMEI BRME HfH PO AR N ..
; Min Max Mean Median Std.Dev. (L3 e 2 A5t AR
Sample number .
X . Ske. Kur. Var.coef.
( Sampling densities) /(Mg/hm?)
TR 307 (SD,=0.012%) 0 87.005 15.854 10.208 16.747 1.215 1.152 1.056
Carbon 246 (SD,=0.010%) 0 87.005 15.967 10.786 17.058 1.221 1.221 1.068
density 184 (SD;=0.007%) 0 87.005 15.780 9.033 17.320 1.255 1.270 1.098
123 (SD,=0.005% ) 0 87.005 15.667 8.491 17.432 1.312 1.585 1.112
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AR BRI R R o BRI HERAUGOT IR i m A 2 BER B R AR T R, AR5 B R
/IR 900 mx900 m (5 Tkm XIERBEFT ) , H1 30%30 43 HE% K 30 mx30 m BEICRE E#HEFS 5], 30%30
MG |y 223 Rl E — AP R S 0 R AR A e A, R R (7) A TS A /D
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2.4.1  R[RIRAERE BE A s 1) T e R PR
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1 SN

RMSE—JWE [(Z(w) - Z (u) ,..] (12)

KHBE RZBU(R) I HIRAZE (root mean square error, RMSE ) $8 55K PEHIAS R R LS T SGCS B AY
fETHAGEE ,RMSE BN AR EERE . Z (w) mea S0 E uw A0S BREE BE , SN NHEARKL, I B, ARF5REE,
PLSEINEC YR A2 R R® RMSE T = ol AR 109% LAY, Ay it SRS B ( accuracy, Ac) ZRIEH,

SD_,, - SD,
e = = X 100% (13)

IR (13) H1,x=1,2,3;SD FIORTEARRERFER LT 19 R?E RMSE B s #f 2 7

SRR T SGBCS W% P 43 Ati A&, I35 ) SR SR A 8 HAG TR B, T /245 30 mx30 m 435
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SGCS Bk B Al T HEAR Ry ELAH, 7E 900 mx900 m 4335 SCBCS Ak B 43 4 141 I BEALZEHL 300 /4~ s, ffi K Ak
SIS AERABIIEIC By B 5 AU B R RMSE., 55h, SGBCS SCHL T R 1 #up—scaling) , 76 0L
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2.4.2  ANHRE R AR RS ] AR S A% TRy
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