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Estimation of Forest Biomass based upon Satellite Data
and National Forest Inventory Data
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Hyun Kook Cho**, and Man Yong Shin* !
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Abstract : This study was carried out to estimate forest biomass and to produce forest biomass
thematic map for Muju county by combining field data from the 5% National Forest Inventory (2006-
2007) and satellite data. For estimating forest biomass, two methods were examined using a Landsat
TM-5(taken on April 28th, 2005) and field data: multi-variant regression modeling and k-Nearest
Neighbor (k-NN) technique. Estimates of forest biomass by the two methods were compared by a
cross-validation technique. The results showed that the two methods provide comparatively accurate
estimation with similar RMSE (63.75~67 26ton/ha) and mean bias (+ 1ton/ha). However, it is
concluded that the k-NN method for estimating forest biomass is superior in terms of estimation
efficiency to the regression model. The total forest biomass of the study site is estimated 8.4 million ton,
or 149 ton/ha by the k-NN technique.

Key Words : Forest biomass estimation, k-Nearest Neighbor, Regression model, Landsat TM,
National Forest Inventory.
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Fig. 1. Location of the study site.
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Table 1. Remote sensing data used in regression models for estimating forest biomass

No. Bands Vegetation Index Band Ratio Tasseled cap transformation
1 ™I NDVI(TM4-TM3)/(TM4+TM3) BR1: TM4/TM3 Brightness (TCB)
2 ™2 NDMI:(TM4-TMS)/(TM4+TM5) BR2: TMS/TM4 Greenness (TCG)
3 T™3 BR3: TM7/TM4 Wetness (TCW)
4 ™4 MIL:(TM7-TM3)/(TM7+TM3)
5 ™5 MI2:(TM5-TM3)/(TM5+TM3)
6 ™7

TCB=00243TM1 + 04158TM2 + 0.5524TM3 + 0.5741TM4 + 0.3124TM5 +0.2303TM7
TCG =-0.1603TM1 - 0.2819TM2 - 0.4939TM3 + 0.794TM4 - 0. 0002TM5 - 0.1446TM7
TCW=00315TM1 + 0.2021TM2 + 0.3102TM3 + 0.1594TM4 - 0.6806TM5 - 0.6109TM7
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Table 2. Forest biomass statistics based on the 5th National
Forest Inventory data

Forest Forest Biomass Statistics(ton/ha)

Cover Type Mean | Mm. | Max. | SD.
Conifers 623 | 1209 | 159 | 3710 | 613
Deciduous | 648 | 142.1 | 277 | 4742 | 727
Mixed 554 | 1307 | 239 | 3421 | 617

Total 1,825 | 1314 159 | 4742 | 662
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Table 3. Estimates of regression coefficients for forest biomass estimation equations using remote sensing data by filtering method

and forest cover type
Filtering Method Classification No. of Plots Biomass Estimation Equation
50.97-2 84(TM1)+3 47(TM4)-2 44(TMT)+93 489(BR1)
Al 1825 | 143 59(BR2)+107.18(MI1)-749(TCG) 0042
Pixel Forest Conifers 623 211.09-2.87(TM1)+1.94(TM3)+95(BR1)-344 24(NDVT) 0.049
Cover Deciduous 648 334.38-2.39(TM1)-83 41(NDMI) 0.059
Type Mixed 554 107 21+67.65(MI12) 0.005
Al 1825 52.23+49.47(TM3)-8.18(TM4)+209 49(BR1)+313.95(BR2) 0 072
-446 57(BR3)+586.06(MI1)-708.1(MI2)+5.22(TCG) :
3% 3 Window Forest Conifers 623 180 .(6)2—27.;19(TN3[1)2+; ;]2?[(]’\1/[‘1\/17)24-21830 .07(Bi(1);462 .2(ND\:’II) 0.065
Cover Deciduous 648 22.86-0.78(TM3)-2.87(TM7)+228 81(BR1)-741.77(NDVI) 0102
T -478.42(NDMI)
ype
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Table 4. Comparison of validation statistics for two forest biomass estimation methods

Method Classification Filtering Method RMSE (ton/ha) Mean Bias (ton/ha)
Al pixel 64.8 0.6
Regression Model 3x3 638 04
Forest Cover type pixel 642 02
HRA-SOkm pixel 654 001
kNN (k=10) 3x3 635 02
Forest Cover type pixel 664 06
3x3 653 15
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Table 5. Comparison of forest biomass estimates for Muju county by NF| data and k-NN method

. Forest Biomass Estimates (tori/ha)
ificati No. of Plots
Classification 0. of Plof Mean Mo N, sD ol
NFI data 58 166.4 275 4782 91.0 9,349 348
kNN Method 624,141 (56,173ha) 1493 162 4742 295 8,386,021

Fig. 4. Thematic map of forest biomass for Muju County.
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