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FAKTOR BENTUK DAN MODEL VOLUME UNTUK PENDUGAAN VOLUME BATANG POHON 

MAHONI PADA HUTAN RAKYAT DI JAWA TENGAH. Faktor bentuk dan model volume sering digunakan 

untuk pendugaan volume pohon. Akan tetapi, masih sedikit penelitian yang mengembangkan dan mengevaluasi akurasi 

faktor bentuk dan model volume untuk pendugaan volume pohon di hutan rakyat. Penelitian ini bertujuan memformulasikan 

faktor bentuk dan model volume serta menilai akurasinya untuk menduga volume batang pohon mahoni pada hutan rakyat di 

Jawa Tengah. Penelitian ini menggunakan 120 pohon contoh berdiameter 6–38 cm, untuk memformulasikan faktor bentuk 

buatan dan faktor bentuk absolut serta menyusun model-model volume batang pohon. Faktor-faktor bentuk beserta tinggi 

pangkal tajuk dan tinggi total digunakan dalam persamaan volume sederhana. Analisis regresi digunakan untuk menyusun 

model-model volume menggunakan diameter dan tinggi total sebagai peubah penduga. Akurasi pendugaan dari persamaan 

volume sederhana dan model-model volume dievaluasi menggunakan data validasi silang dan data terpisah (30 pohon contoh). 

Faktor bentuk buatan pohon mahoni (0,68 ± 0,11), yang lebih tinggi daripada faktor bentuk absolut (0,46 ± 0,09), 

memberikan nilai-nilai dugaan volume pohon yang akurat jika digunakan bersama tinggi pangkal tajuk daripada tinggi 

total. Model-model volume yang menggunakan diameter dan tinggi total menghasilkan nilai-nilai dugaan yang paling akurat, 

sedangkan model volume yang hanya menggunakan diameter paling praktis namun dapat diandalkan untuk pendugaan 

volume batang pohon mahoni. Hasil penelitian bermanfaat untuk perbaikan pengelolaan hutan rakyat. 

Kata kunci��Faktor bentuk, volume batang, volume pohon, mahoni, Jawa Tengah
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I.  INTRODUCTION

(VWLPDWLRQ�RI �WLPEHU�YROXPH�LV�D�FRPPRQ�

SUDFWLFH� RI � IRUHVW� PDQDJHUV� WR� DVVHVV� WKH�

HFRQRPLF�EHQHÀWV�RI �WKHLU�IRUHVWV��QRW�RQO\�DW�

ODUJH� VFDOH� LQGXVWULDO� IRUHVWV� EXW� DOVR� DW� VPDOO�

VFDOH� FRPPXQLW\� IRUHVWV�� ,Q� PDQ\� SDUWV� RI �

-DYD�� ,QGRQHVLD�� FRPPXQLWLHV� PDQDJH� WKHLU�

IRUHVWV� IRU� SURGXFLQJ� WLPEHU� WKDW� LV� WUDGHG�

WR� IXOÀO� WKHLU� XUJHQW� QHHGV�� VXFK� DV� FRYHULQJ�

H[SHQVHV� IRU� FKLOGUHQ·V� VFKRRO� DQG� WUDGLWLRQDO�

FHUHPRQLHV��1XJURKR�	�7LU\DQD���������:KLOH�

FRPPXQLWLHV� KDYH� JRRG� NQRZOHGJH� DQG� VNLOOV�

UHODWHG� WR� VLOYLFXOWXUDO� DVSHFWV� �H�J�� VSHFLHV�

VHOHFWLRQ��SODQWLQJ��DQG�WHQGLQJ��RI �FRPPXQLW\�

IRUHVWV��WKHLU�NQRZOHGJH�DQG�VNLOOV�RQ�HVWLPDWLQJ�

WLPEHU�YROXPH�QHHG�WR�EH�LPSURYHG��6RHGRPR��

������� $� FRPPRQ� SUDFWLFH� LQ� VHOOLQJ� WLPEHU�

from a community forest is that an owner 

VHHNV� DQG� OHWV� D� PLGGOHPDQ� FRQGXFW� DQ�

HFRQRPLF� YDOXDWLRQ�RI � VWDQGLQJ� WUHHV�ZLWKRXW�

NQRZLQJ� WKH� DFWXDO� YROXPH� RI � WKH� VWDQGLQJ�

WUHHV�� 8QIRUWXQDWHO\�� WKH� PLGGOHPDQ� RQO\�

UHOLHV�RQ�KLV�KHU�MXGJHPHQW�DQG�H[SHULHQFH�LQ�

YDOXLQJ� WKH� VWDQGLQJ� WUHHV� LQVWHDG�RI �XVLQJ�DQ�

DSSURSULDWH�WUHH�YROXPH�HVWLPDWLRQ�WRRO��6XFK�D�

VHOOLQJ�SUDFWLFH�FRXOG�SURYLGH�DQ�XQUHOLDEOH�ZD\�

RI �HVWLPDWLQJ�WUHH�YROXPHV��UHVXOWLQJ�LQ�D�SURÀW�

ORVV� IRU� FRPPXQLW\� IRUHVW� RZQHUV� �$UGHOLQD��

7LU\DQD��	�0XKGLQ����������

7R� VXSSRUW� D� JRRG�SUDFWLFH�RI � FRPPXQLW\�

IRUHVW�PDQDJHPHQW��VLPSOH�\HW�UHOLDEOH�WRROV�IRU�

HVWLPDWLQJ�WUHH�YROXPHV�QHHG�WR�EH�GHYHORSHG�

IRU� YDULRXV� W\SHV� RI � SODQWDWLRQV� DQG� VLWHV��

&RPPXQLW\�IRUHVWV�LQ�-DYD�DUH�GLYHUVH�LQ�WHUPV�

RI �WUHH�VSHFLHV��VLWH�FRQGLWLRQV��DQG�VLOYLFXOWXUDO�

WUHDWPHQWV��6RPH�FRPPXQLWLHV�PLJKW�SHUIRUP�

VLOYLFXOWXUDO�WUHDWPHQWV��H�J��IHUWLOL]LQJ��ZHHGLQJ��

DQG� SUXQLQJ�� WR� WKHLU� IRUHVWV�� EXW� VRPH�RWKHU�

FRPPXQLWLHV�PLJKW�QRW�SHUIRUP�DQ\�VLOYLFXOWXUDO�

WUHDWPHQWV� �.DOOLR�� .ULVQDZDWL�� 5RKDGL�� 	�

.DQQLQHQ�� ������ 1XJURKR� 	� 7LU\DQD�� �������

7KLV�ZRXOG�KDYH�UHVXOWHG� LQ�KLJK�YDULDELOLW\� LQ�

WLPEHU� YROXPH� HYHQ� IRU� D� FHUWDLQ� WUHH� VSHFLHV�

under different site conditions and silvicultural 

WUHDWPHQWV�� 7KHUHIRUH�� WKH� GHYHORSPHQW�

RI � HVWLPDWLRQ� WRROV� IRU� WLPEHU� YROXPH� RI �

FRPPXQLW\�IRUHVWV�VKRXOG�EH�VSHFLHV��DQG�VLWH�

VSHFLÀF��

6WDQGLQJ� WUHH� YROXPHV� FDQ� EH� HVWLPDWHG�

XVLQJ� VLPSOH� YROXPH� HTXDWLRQV� RU� YROXPH�

PRGHOV� �$UGHOLQD� HW� DO��� ������ GRV� 5HLV� HW� DO���

������+XVFK��%HHUV��	�.HUVKDZ�� ������3KLOLS��

������ 6DQWRV�� 7HUUD�� &KDHU�� 	� 0RQWH�� �������

7KH� VLPSOH� YROXPH� HTXDWLRQ� LV� D� F\OLQGULFDO�

IRUPXOD� WKDW� XVHV� GLDPHWHU�� KHLJKW�� DQG� IRUP�

IDFWRU� WR� DFFRXQW� IRU� WDSHUHG� VWHP� VKDSH�

�+XVFK� HW� DO��� �������:KLOH� WKH� GLDPHWHU� DQG�

KHLJKW� DUH� PHDVXUHG� LQ� WKH� ÀHOG�� WKH� IRUP�

IDFWRU� LV� GHWHUPLQHG� EDVHG� RQ� D� SUHOLPLQDU\�

VWXG\� RQ� VWHP� VKDSH�� 7UHH� VSHFLHV� PD\� KDYH�

GLIIHUHQW� IRUP� IDFWRUV� EHFDXVH� RI � GLIIHUHQFHV�

LQ� WUHH� DUFKLWHFWXUHV� DPRQJ� VSHFLHV� �&ROJDQ��

6ZHPPHU��	�$VQHU��������7HQ]LQ��:DQJFKXN��

	� +DVHQDXHU�� ������� $� VSHFLHV�VSHFLÀF� IRUP�

IDFWRU� LV� WKHUHIRUH� UHTXLUHG� WR� HVWLPDWH� WUHH�

YROXPHV� XVLQJ� WKH� VLPSOH� YROXPH� HTXDWLRQ�

DFFXUDWHO\��+RZHYHU��WKH�QHHG�IRU�UHOLDEOH�IRUP�

IDFWRUV�FRXOG�EH�HOLPLQDWHG�ZKHQ�WKH�HVWLPDWLRQ�

RI � WUHH� YROXPHV� XVHV� D� YROXPH� PRGHO��

&RPPRQO\�� D� YROXPH� PRGHO� XVHV� GLDPHWHU�

DQG� KHLJKW� WR� HVWLPDWH� WUHH� YROXPHV� WKURXJK�

D� UHJUHVVLRQ� HTXDWLRQ� �0DJQXVVHQ�� .OHLQQ�� 	�

)HKUPDQQ��������6DQWRV�HW�DO����������,Q�VRPH�

FDVHV�� WKH� YROXPH� PRGHO� PLJKW� XVH� RQO\� WKH�

GLDPHWHU�ZKHQ�KHLJKW� VWURQJO\� FRUUHODWHV�ZLWK�

GLDPHWHU��PDNLQJ� WKH� YROXPH�PRGHO� HDVLHU� WR�

XVH�WKDQ�WKH�VLPSOH�YROXPH�HTXDWLRQ�

1XPHURXV� YROXPH� PRGHOV� KDYH� EHHQ�

GHYHORSHG� IRU� YDULRXV� WUHH� VSHFLHV� RI � QDWXUDO�

DQG�SODQWDWLRQ�IRUHVWV�LQ�,QGRQHVLD��.ULVQDZDWL��

$GLQXJURKR�� 	� ,PDQXGGLQ�� ������� 6WLOO�� RQO\�

D� IHZ� YROXPH� PRGHOV� ZHUH� DYDLODEOH� IRU�

FRPPXQLW\� IRUHVWV�� 7R� RXU� NQRZOHGJH�� WKH�

SXEOLVKHG� YROXPH� PRGHOV� IRU� FRPPXQLW\�

IRUHVWV�ZHUH�DYDLODEOH�IRU�WKH�IROORZLQJ�VSHFLHV�

DQG�ORFDWLRQV��VPDOO�OHDYHG�PDKRJDQ\��Swietenia 

mahagoni�� LQ� 3XUZRUHMR� 5HJHQF\�� &HQWUDO� -DYD�

�3XUZDQWR� 	� :LGD\DQWL�� ������� WHDN� �Tectona 

grandis��LQ�*XQXQJ�.LGXO�5HJHQF\��&HQWUDO�-DYD�

�3XUZDQWR�	�.XUQLDVDUL���������SXODL� �Alstonia 

scholaris�� LQ� 0XVL� 5DZDV� 5HJHQF\�� 6RXWK�

6XPDWHUD��6XPDGL��1XJURKR��	�5DKPDQ���������
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)RUP�)DFWRUV�DQG�9ROXPH�0RGHOV�IRU�(VWLPDWLQJ�7UHH�%ROH�9ROXPH�RI �0DKRJDQ\��������������������7DWDQJ�7LU\DQD�HW�DO��

WHDN�LQ�.OXQJNXQJ�5HJHQF\��%DOL��6XVLOD���������

MDERQ� �Anthocephalus cadamba�� LQ� %DQMDUQHJDUD�

5HJHQF\�� &HQWUDO� -DYD� �<XOLDQWL�� ������� ZHUX�

(Albizia procera�� LQ� 0DMDOHQJND� 5HJHQF\�� :HVW�

-DYD� �%XVWRPL� 	� <XOLDQWL�� ������� DQG� VHQJRQ�

(Falcataria moluccana�� LQ� %RJRU� 5HJHQF\�� :HVW�

-DYD� �$UGHOLQD� HW� DO��� ������� 7KXV�� IXUWKHU�

GHYHORSPHQWV� RI � VSHFLHV�� DQG� VLWH�VSHFLÀF�

YROXPH� PRGHOV� DUH� EHQHÀFLDO� WR� VXSSRUW�

PDQDJHPHQW�RI �FRPPXQLW\� IRUHVWV� LQ�YDULRXV�

UHJLRQV�RI �,QGRQHVLD��

:KHQ�DQ�DSSURSULDWH�YROXPH�PRGHO�ZDV�QRW�

DYDLODEOH�IRU�D�FHUWDLQ�UHJLRQ��D�UHDVRQDEOH�RSWLRQ�

for communities to estimate tree volumes is 

XVLQJ�D�VLPSOH�YROXPH�HTXDWLRQ��+RZHYHU��WKH�

DFFXUDF\� RI � D� VLPSOH� YROXPH� HTXDWLRQ� FRXOG�

EH� TXHVWLRQHG� ZKHQ� LW� LV� FRPSDUHG� WR� WKDW�

RI � D� YROXPH� PRGHO�� $PRQJ� WKH� SUHYLRXVO\�

PHQWLRQHG� VWXGLHV� RQ� GHYHORSLQJ� YROXPH�

PRGHOV� IRU� FRPPXQLW\� IRUHVWV�� RQO\� $UGHOLQD�

HW� DO�� ������� HYDOXDWHG� IXUWKHU� DQG� FRPSDUHG�

WKH�VLPSOH�YROXPH�HTXDWLRQ�DQG�YROXPH�PRGHO�

DFFXUDF\��$UGHOLQD�HW�DO���������FRQÀUPHG�WKDW�

WKH� VLPSOH� YROXPH� HTXDWLRQ�ZDV� OHVV� DFFXUDWH�

WKDQ� WKH� YROXPH� PRGHO� IRU� HVWLPDWLQJ� WUHH�

YROXPHV� RI � VHQJRQ� �F�� moluccana��� :KLOH�

$UGHOLQD� HW� DO�� ������� DOVR� FRQÀUPHG� WKDW� WKH�

DFFXUDF\�RI �VLPSOH�YROXPH�HTXDWLRQ�GHSHQGHG�

RQ�WKH�FKRLFH�RI �IRUP�IDFWRUV��EXW�WKH\�GLG�QRW�

LQYHVWLJDWH�ZKHWKHU�WUHH�KHLJKW��H�J��WRWDO�KHLJKW�

RU� EROH� KHLJKW�� ZRXOG� DIIHFW� WKH� DFFXUDF\� RI �

D� VLPSOH� YROXPH� HTXDWLRQ�� 6LPLODUO\�� 3HUHLUD�

HW� DO�� ������� GLG� QRW� LQYHVWLJDWH� WKH� HIIHFW� RI �

WUHH�KHLJKW�RQ� WKH�DFFXUDF\�RI �VLPSOH�YROXPH�

HTXDWLRQ��ZKLOH�WKH\�HYDOXDWHG�WKH�DFFXUDF\�RI �

IRUP�IDFWRU�DQG�IRUP�TXRWLHQW��

(PSLULFDO�VWXGLHV��WKHUHIRUH��DUH�UHTXLUHG�WR�

HYDOXDWH�WKH�FKRLFH�RI �DSSURSULDWH�IRUP�IDFWRUV�

DQG�KHLJKWV�RQ�WKH�DFFXUDF\�RI �VLPSOH�YROXPH�

HTXDWLRQ�ZLWK�D�FRPSDULVRQ�WR�WKH�DFFXUDF\�RI �

YROXPH�PRGHO��,Q�WKH�SUHVHQW�VWXG\��WKLV� LVVXH�

LV�IXUWKHU�LQYHVWLJDWHG�E\�XVLQJ�D�FDVH�VWXG\�LQ�

D� FRPPXQLW\� IRUHVW� GRPLQDWHG� E\� ELJ�OHDYHG�

PDKRJDQ\��Swietenia macrophylla��LQ�&HQWUDO�-DYD��

6SHFLÀFDOO\�� RXU� REMHFWLYHV� ZHUH� WKUHHIROGV��

��� WR� IRUPXODWH� DSSURSULDWH� IRUP� IDFWRUV� DQG�

YROXPH�PRGHOV�IRU�PDKRJDQ\�WUHHV�����WR�DVVHVV�

WKH� DFFXUDF\� RI � VLPSOH� YROXPH� HTXDWLRQ� DQG�

YROXPH�PRGHOV�LQ�HVWLPDWLQJ�WUHH�EROH�YROXPHV�

RI �PDKRJDQ\��DQG����WR�UHFRPPHQG�DSSURSULDWH�

RSWLRQV� IRU� HVWLPDWLQJ� WUHH� EROH� YROXPHV� RI �

PDKRJDQ\� DW� FRPPXQLW\� IRUHVWV�� 7KLV� VWXG\�

IRFXVVHG� RQ� HVWLPDWLQJ� WKH� EROH� YROXPHV� RI �

PDKRJDQ\�EHFDXVH� WKH\� DUH� FRPPRQO\� WUDGHG�

E\�FRPPXQLWLHV��SDUWLFXODUO\�LQ�WKH�VWXG\�DUHD�

II. MATERIAL AND METHOD

A. Study Area

7KLV� VWXG\� ZDV� FRQGXFWHG� DW� FRPPXQLW\�

IRUHVWV� LQ� .OLURQJ� 'LVWULFW� RI � .HEXPHQ�

5HJHQF\��&HQWUDO�-DYD��,Q�WKLV�GLVWULFW��ELJ�OHDYHG�

PDKRJDQ\� �KHUHDIWHU� FDOOHG�PDKRJDQ\�� VWDQGV�

ZHUH�PRVWO\� SODQWHG�E\� FRPPXQLWLHV� RQ� WKHLU�

ODQGV��JDUGHQV�DQG�KRPH�\DUGV��LQ�WKUHH�YLOODJHV��

7DQJJXODQJLQ�� -HUXNDJXQJ��DQG�-RJRVLPR��7KH�

PDKRJDQ\� VWDQGV� LQ� 7DQJJXODQJLQ� 9LOODJH�

ZHUH� GRPLQDWHG� E\� ODUJH� WUHHV� �GLDPHWHU� RI �

�����������FP���ZKLOH�WKRVH�LQ�-HUXNDJXQJ�DQG�

-RJRVLPR�YLOODJHV�ZHUH�GRPLQDWHG�E\�PHGLXP�

WUHHV� �GLDPHWHU� RI � ����� �� ���� FP�� DQG� VPDOO�

WUHHV� �GLDPHWHU�RI �����������FP��� UHVSHFWLYHO\��

0DKRJDQ\�LV�SUHIHUUHG�E\�WKH�FRPPXQLWLHV�RI �

WKRVH�YLOODJHV�EHFDXVH�RI �LWV�KLJK�WLPEHU�SULFH�

DQG� VLWH� VXLWDELOLW\� FRPSDUHG� WR� RWKHU� WUHH�

VSHFLHV��

B. Field Measurement

,Q� WKH� VWXG\� DUHD��PHDVXUHPHQW�RI � VDPSOH�

WUHHV� ZHUH� FRQGXFWHG� LQ� )HEUXDU\²0DUFK��

������7KH�PHDVXUHPHQW�RI �VDPSOH�WUHHV�DLPHG�

WR�REWDLQ� WUHH� OHYHO�GDWD� IRU� IRUPXODWLQJ�IRUP�

IDFWRUV�DQG�YROXPH�PRGHOV�DQG�IRU�DVVHVVLQJ�WKH�

DFFXUDF\�RI �WUHH�EROH�YROXPH�HVWLPDWHV��,Q�WKH�

WKUHH�YLOODJHV������VDPSOH�WUHHV�ZHUH�PHDVXUHG�

E\� FRQVLGHULQJ� WUHH� GLDPHWHU� GLVWULEXWLRQ� WR�

FRYHU�WKH�YDULDELOLW\�RI �PDKRJDQ\�VWDQGV��7DEOH�

���� 1RQ�GHIHFWLYH� VDPSOH� WUHHV� ZLWK� VWUDLJKW�

VWHPV� DQG� IHZHU� EUDQFKHV� ZHUH� VHOHFWHG� WR�

DYRLG� PHDVXUHPHQW� HUURUV�� 7KH� PHDVXUHPHQW�

RI � VDPSOH� WUHHV� ZDV� FRQGXFWHG� XVLQJ� QRQ�

GHVWUXFWLYH� VDPSOLQJ� �L�H�� ZLWKRXW� FXWWLQJ� WKH�

VDPSOH�WUHHV���'LDPHWHU�DW�EUHDVW�KHLJKW��D��FP��

DQG�EDVH�GLDPHWHU�DW����FP�DERYH�WKH�JURXQG�



���

(D
b
��FP��ZHUH�PHDVXUHG�XVLQJ�D�PHDVXULQJ�WDSH��

,Q�DGGLWLRQ��WZR�W\SHV�RI �WUHH�KHLJKW�ZHUH�DOVR�

PHDVXUHG�E\�XVLQJ� D�1LNRQ� ODVHU�K\SVRPHWHU��

EROH� KHLJKW� �H
b
�� P�� DQG� WRWDO� KHLJKW� �H

t
�� P���

7KH�EROH�KHLJKW��DOVR�FDOOHG�FURZQ�EDVH�KHLJKW��

ZDV�PHDVXUHG� IURP� WKH� JURXQG� WR� WKH� FURZQ�

EDVH�RI �VDPSOH�WUHHV�� LQ�ZKLFK�WKH�XSSHU�EROH�

GLDPHWHUV�ZHUH��²���FP�ZLWK�DQ�DYHUDJH�RI ����

FP��0HDQZKLOH��WKH�WRWDO�KHLJKW�ZDV�PHDVXUHG�

IURP�WKH�JURXQG�WR�WKH�WLS�RI �FDQRS\�RI �VDPSOH�

WUHHV��+XVFK�HW�DO���������SURYLGHG�DQ�LOOXVWUDWLRQ�

RI �WKH�PHDVXUHPHQW�SRLQWV�RI �EROH�KHLJKW�DQG�

WRWDO� KHLJKW�� ZKLFK� ZHUH� UHIHUUHG� WR� LQ� WKLV�

VWXG\��6XFK�KHLJKW�PHDVXUHPHQW�RI �WKH�VDPSOH�

WUHHV�ZDV�DLPHG� WR�VLPXODWH�SRVVLEOH�HUURUV� LQ�

PHDVXULQJ� WUHH�KHLJKWV� IRU� HVWLPDWLQJ� WKH� WUHH�

EROH�YROXPHV�RI �PDKRJDQ\�DQG�WR�DVVHVV�WKHLU�

DFFXUDF\��

7R� FDOFXODWH� WKH� EROH� YROXPH� RI � D� VDPSOH�

WUHH�� GLDPHWHUV� �RYHU�EDUN�� ZHUH� PHDVXUHG� DW�

GLIIHUHQW�KHLJKWV����������������P�DQG�VR�RQ�ZLWK�

��P�VHFWLRQV��DORQJ�WKH�VWHP�XQWLO�WKH�HQG�RI �WKH�

EROH�KHLJKW�E\�XVLQJ�D�&ULWHULRQ�5'������GLJLWDO�

GHQGURPHWHU� �6DQWRV� HW� DO��� ������� 7KHUHIRUH��

WKLV�VWXG\�GHÀQHG�WKH�DFWXDO�WUHH�YROXPHV�DV�WUHH�

EROH� YROXPHV��ZKLFK� DUH� DOVR� FRPPRQO\� XVHG�

E\� FRPPXQLWLHV� LQ� WKH� VWXG\� DUHD�� 7RWDO� WUHH�

YROXPH�ZDVQ
W�PHDVXUHG�XQWLO�WKH�WRWDO�KHLJKW��

EHFDXVH�RI ��GLIÀFXOW\�LQ�PHDVXULQJ�DOO�EUDQFKHV�

DQG� WKH� XSSHU� SDUWV� RI � WKH� VWHP� EH\RQG� WKH�

EROH� KHLJKW�� ,Q� IXUWKHU� DQDO\VLV�� KRZHYHU�� WKH�

WRWDO� WUHH�KHLJKW�ZDV�XVHG� DV� DQ� LQSXW� IRU� WKH�

VLPSOH�YROXPH�HTXDWLRQV�DQG�YROXPH�PRGHOV�

C. Analysis of  Form Factors

7KHUH�DUH�����WUHHV�������RI �WKH�WRWDO�����

VDPSOH� WUHHV� IRU� FDOFXODWLQJ� IRUP� IDFWRUV� DQG�

GHYHORSLQJ� YROXPH�PRGHOV�� ZKLOH� WKH� UHVW� RI �

WKH� VDPSOH� WUHHV�ZHUH� XVHG� IRU� LQGHSHQGHQWO\�

YDOLGDWLQJ� WUHH� EROH� YROXPH� HVWLPDWHV�� )LUVWO\���

WKH� LQGLYLGXDO� YROXPH� RI � VDPSOH� WUHHV� ZDV�

calculateled (V
i
��P���E\�DGGLQJ�VHFWLRQDO�YROXPHV�

RI �D�VWHP��ZKHUH�HDFK�VHFWLRQDO�YROXPH��v
s
��P�) 

ZDV�FDOFXODWHG�EDVHG�RQ�EDVDO�DUHDV�DW�WKH�ORZHU�

(g
l
��P���DQG�XSSHU��g

u
��P���SDUWV�RI �HDFK�VHFWLRQ�

DQG�WKH�OHQJWK�RI �HDFK�VHFWLRQ��l
s
��P��XVLQJ�WKH�

6PDOLDQ�IRUPXOD��+XVFK�HW�DO���������DV�VKRZQ�

LQ�(TXDWLRQ�����

7KH� IRUP� IDFWRU� �f�� XQLWOHVV�� RI � LQGLYLGXDO�

VDPSOH�WUHHV�ZDV�FDOFXODWHG�DV�D�UDWLR�EHWZHHQ�

WKH� DFWXDO� YROXPH� RI � D� VDPSOH� WUHH� �V
i
�� P�) 

DQG� WKH� F\OLQGULFDO� YROXPH� RI � D� VDPSOH� WUHH�

DW� WKH�VDPH�KHLJKW� �+XVFK�HW�DO���������3KLOLS��

�������7ZR�W\SHV�RI �IRUP�IDFWRUV�ZHUH�DQDO\]HG�

�3KLOLS������������DUWLÀFLDO�IRUP�IDFWRU��f
d
���ZKHUH�

WKH�F\OLQGULFDO�YROXPH�ZDV�FDOFXODWHG�EDVHG�RQ�

WKH� EDVDO� DUHD� DW� EUHDVW� KHLJKW� DQG� WKH� EROH�

KHLJKW�RI �D�VDPSOH�WUHH��V
d
��P����DQG����DEVROXWH�

form factor (f
b
��� ZKHUH� WKH� F\OLQGULFDO� YROXPH�

ZDV�FDOFXODWHG�EDVHG�RQ�WKH�EDVDO�DUHD�DW����FP�

DERYH�JURXQG�DQG�WKH�EROH�KHLJKW�RI �D�VDPSOH�

tree (V
b
��P���XVLQJ�(TXDWLRQ���D��DQG�(TXDWLRQ�

��E��

7DEOH����6XPPDU\�VWDWLVWLFV�RI �WKH�VDPSOH�WUHHV�PHDVXUHPHQW

Variable
Fitting data (n = 120) Validation data (n = 30)

Mean Sd Min Max CV Mean Sd Min Max CV

D
b

���� ��� � �� �� ���� ��� � �� ��

D ���� ��� � �� �� ���� ��� � �� ��

H
b

��� ��� � �� �� ��� ��� � �� ��

H
t

���� ��� � �� �� ���� ��� � �� ��

5HPDUNV�  D
b
��EDVH�GLDPHWHU��FP���D��GLDPHWHU�DW�EUHDVW�KHLJKW��FP���H

b
��EROH�KHLJKW��P���H

t
��WRWDO�KHLJKW��P���Sd��

VWDQGDUG�GHYLDWLRQ��CV��FRHIÀFLHQW�RI �YDULDWLRQ����

� � ����s l u sv g g l ������������������������������������������������

  d i df V V ���������������������������������������������������������D�

 b i bf V V ���������������������������������������������������������E�

,QGRQHVLDQ�-RXUQDO�RI �)RUHVWU\�5HVHDUFK�9RO����1R�����2FWREHU������������������������������������,661������������(�,661�����������
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D. Development of  Volume Models

7KHUH�DUH�����VDPSOH�WUHHV�WR�GHYHORS�YROXPH�

PRGHOV�XVLQJ�D�UHJUHVVLRQ�DQDO\VLV��7KH�WUHH�EROH�

volume (V��P���LV�XVHG�DV�D�GHSHQGHQW�YDULDEOH��

ZKLOH�WKH�EUHDVW�KHLJKW��D��FP��DQG�WRWDO�KHLJKW�

(H
t
��P��DUH�XVHG�DV�SUHGLFWRU�YDULDEOHV��7KH�XVH�

RI � WRWDO� KHLJKW� LQ� YROXPH� PRGHOV� SURYLGHV� D�

SUDFWLFDO�DGYDQWDJH�IRU�XVHUV��EHFDXVH�LW�LV�HDVLHU�

DQG� OHVV� VXEMHFWLYH� WR� PHDVXUH� WKDQ� WKH� EROH�

KHLJKW� XVLQJ� OLQHDU� DQG� QRQ�OLQHDU� UHJUHVVLRQ�

models that are commonly used in forestry 

OLWHUDWXUHV� �+XVFK� HW� DO��� ������ 6DQWRV� HW� DO���

������ DV� VKRZQ� LQ�(TXDWLRQ� ��D�� WR�(TXDWLRQ�

��I��

9'����� �

9'��

9'����

9'+���  �

�

b

tV b D H

9'+���  � �

� � tV b b D H

9'+���  � �

�

b b

tV b D H
 

7R� HVWLPDWH� WKH� PRGHO� SDUDPHWHUV� �b
0
��

b
1
�� DQG� b

2
��� JHQHUDOL]HG� OLQHDU� DQG� QRQ�OLQHDU�

OHDVW� VTXDUH� �*/6�*1/6�� PHWKRGV� IURP�

WKH� QOPH� SDFNDJH� RI � 5� VRIWZDUH� ������ ZDV�

XVHG� �3LQKHLUR�� %DWHV�� 'HE5R\�� 	� 6DUNDU��

������ 5� &RUH� 7HDP�� ������� ZKLFK� DUH� PRUH�

HIIHFWLYH� WKDQ� WKH�RUGLQDU\� OHDVW� VTXDUH� �2/6��

PHWKRGV�LQ�HOLPLQDWLQJ�KHWHURVFHGDVWLFLW\��QRQ�

FRQVWDQW� YDULDQFH�� RI � WKH� PRGHO� UHVLGXDOV��

7KH� SHUIRUPDQFH� RI � UHJUHVVLRQ� PRGHOV� ZDV�

DVVHVVHG� XVLQJ� WKH� JRRGQHVV�RI�ÀW� VWDWLVWLFV��

5RRW� 0HDQ� 6TXDUHG� (UURU� �506(�� (TXDWLRQ�

��D���� $NDLNH·V� ,QIRUPDWLRQ� &ULWHULRQ� �$,&��

(TXDWLRQ� ��E���� DQG� DGMXVWHG� FRHIÀFLHQW� RI �

determination (R�
DGM
��(TXDWLRQ� ��F���DV� IROORZV�

�%XUQKDP�	�$QGHUVRQ��������&\VQHLURV�HW�DO���

������5DZOLQJV��3DQWXOD��	�'LFNH\��������

Note that ˆ, ,
i i
y y y DUH�WKH�REVHUYHG��SUHGLFWHG��

DQG� PHDQ� YDOXHV� RI � WUHH� EROH� YROXPHV��

UHVSHFWLYHO\��n�LV�WKH�QXPEHU�RI �REVHUYDWLRQV��p 

LV�WKH�QXPEHU�RI �PRGHO�SDUDPHWHUV��DQG�logLik 

LV� WKH� ORJ�OLNHOLKRRG�YDOXH�RI � WKH�PRGHOV��7KH�

SUHIHUUHG�YROXPH�PRGHOV�PXVW�KDYH�WKH�ORZHVW�

506(�DQG�$,&�YDOXHV�EXW�KLJKHVW�5�
DGM�

value and 

PXVW�VDWLVI\�WKH�UHJUHVVLRQ�PRGHO
V�DVVXPSWLRQV�

RQ�QRUPDOLW\�DQG�KRPRVFHGDVWLFLW\�RI �UHVLGXDOV��

7ZR�SUHIHUUHG�PRGHOV�ZHUH�VHOHFWHG��RQH� WKDW�

uses only the D�DV�D�SUHGLFWRU��(TXDWLRQ��D��WR�

�F��DQG�DQRWKHU�RQH� WKDW�XVHV�ERWK�D and H
t
 

DV� SUHGLFWRUV� �(TXDWLRQ� �G� WR� �I�� IRU� IXUWKHU�

DQDO\VHV�

E. Accuracy Assessment

7R� UHFRPPHQG� IRUP� IDFWRUV� DQG� YROXPH�

PRGHOV� VHOHFWHG� IRU� HVWLPDWLQJ� WUHH� EROH�

YROXPHV� RI � PDKRJDQ\�� LW� LV� YDOLGDWHG� E\� WUHH�

EROH�YROXPH�HVWLPDWLRQ�GHULYHG�IURP�WKH�VLPSOH�

YROXPH�HTXDWLRQ��ZKLFK�XVHG�WKH�DUWLÀFLDO�DQG�

DEVROXWH�IRUP�IDFWRUV��f
d
 and f

b
���DQG�IURP�WKH�

VHOHFWHG�YROXPH�PRGHOV�E\�XVLQJ�WZR�PHWKRGV��

FURVV�YDOLGDWLRQ�DQG�LQGHSHQGHQW�YDOLGDWLRQ��,Q�

ERWK�YDOLGDWLRQ�PHWKRGV�� WKH�IROORZLQJ�VLPSOH�

HTXDWLRQ�ZDV�XVHG�WR�FDOFXODWH�WKH�EROH�YROXPH�

RI �HDFK�VDPSOH�WUHH��V
i
��P���EDVHG�RQ�D��H��DQG�

f�YDULDEOHV�

� �S 
�

���� ����i i iV D H f

(TXDWLRQ�����VKRZV�WKDW�WKH�DFFXUDF\�RI �WUHH�

EROH�YROXPH�HVWLPDWHV�LV�QRW�RQO\�GHSHQGLQJ�RQ�

the form factor (f
d
 or f

b
��EXW�DOVR�WKH�KHLJKW��H���

0HDQZKLOH��WKH�GLDPHWHU��D��FRXOG�EH�DVVXPHG�

DV�D�À[HG�YDULDEOH�EHFDXVH�LW�LV�HDV\�WR�PHDVXUH�

ZLWK� KLJK� DFFXUDF\� LQ� WKH� ÀHOG�� 7KHUHIRUH�� WR�

DVVHVV�WKH�DFFXUDF\�RI �VLPSOH�YROXPH�HTXDWLRQ�

�(TXDWLRQ����ZLWK�UHVSHFW�WR�WKH�XVH�RI �f and H 

YDULDEOHV�LQ�HVWLPDWLQJ�WKH�DFWXDO�EROH�YROXPHV��

LW� LV� VLPXODWHG� D� VFHQDULR� ZKHUH� XVHUV� PLJKW�

QRW�XVH�DQ�DSSURSULDWH�IRUP�IDFWRU�DQG�RU�WUHH�

KHLJKW�E\�FDOFXODWLQJ� WKH� IRXU� W\SHV�RI � VLPSOH�

YROXPH�HTXDWLRQ�DV�IROORZV�

��� V
fd-Hb
�WKDW�XVHV�WKH�DUWLÀFLDO�IRUP�IDFWRU��f

d
) 

DQG�EROH��KHLJKW��H
b
��

��� V
fd-Ht
�WKDW�XVHV�WKH�DUWLÀFLDO�IRUP�IDFWRU��f

d
) 

DQG�WRWDO�KHLJKW��H
t
��

 � �

� �V b b D ������������������������������������������E�

����������������������������������������I�

���������������������������������������G�

���������������������������������H�

 � � �

� � �V b b D b D �������������������������������F�

� � � � �$,& � � �logLik p ��������������������������������E�
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��� V
fb-Hb
�WKDW�XVHV�WKH�DEVROXWH�IRUP�IDFWRU��f

b
) 

DQG�EROH��KHLJKW��H
b
���

��� V
fb-Ht 
WKDW�XVHV�WKH�DEVROXWH�IRUP�IDFWRU��f

b
) 

DQG�WRWDO�KHLJKW��H
t
��

7KH�SUHGLFWLRQ�DFFXUDF\�RI �WKH�IRXU�VLPSOH�

YROXPH� HTXDWLRQV� DQG� WZR� VHOHFWHG� YROXPH�

PRGHOV� �DPRQJ� WKH� (TXDWLRQ� �D� WR� (TXDWLRQ�

�I��ZDV�HYDOXDWHG�XVLQJ�WKH�0RQWH�&DUOR�FURVV�

YDOLGDWLRQ�PHWKRG� �+X\� HW� DO��� ������.XKQ�	�

-RKQVRQ���������7KH�����VDPSOH�WUHHV�ZHUH�ÀUVW�

UDQGRPO\� VSOLW� LQWR� D� ÀWWLQJ� GDWDVHW� ������ ���

VDPSOH� WUHHV�� DQG� D� YDOLGDWLRQ� GDWDVHW� ������

��� VDPSOH� WUHHV��� 7KH� IRXU� VLPSOH� YROXPH�

HTXDWLRQV� DQG� WZR� VHOHFWHG� YROXPH� PRGHOV�

ZHUH�XVHG�WR�HVWLPDWH�WUHH�EROH�YROXPHV�RI �WKH�

UHOHYDQW�GDWDVHW�� DQG� WKHLU�SUHGLFWLRQ� DFFXUDF\�

ZDV� WKHQ� HYDOXDWHG� XVLQJ� WKH� YDOLGDWLRQ�

GDWDVHW�� 7KLV� SURFHVV� ZDV� UHSHDWHG� ���� WLPHV�

WR� JHW� VWDEOH� SHUIRUPDQFH� HVWLPDWHV� �.XKQ�	�

-RKQVRQ�� ������� )RU� HDFK� UHDOL]DWLRQ� �5��� WKH�

SUHGLFWLRQ� DFFXUDF\� ZDV� DVVHVVHG� XVLQJ� 0HDQ�

(UURU� �0(�� (TXDWLRQ� ��D���� 3HUFHQWDJH� (UURU�

�3(��(TXDWLRQ���E����5RRW�0HDQ�6TXDUH�(UURU�

RI � 3UHGLFWLRQ� �506(3�� (TXDWLRQ� ��F���� DQG�

0HDQ� $EVROXWH� 3HUFHQWDJH� (UURU� �0$3(��

(TXDWLRQ���G����ZKLFK�ZHUH�WKHQ�DYHUDJHG�RYHU�

WKH� ���� UHDOL]DWLRQV� �+XDQJ�� <DQJ�� 	� :DQJ��

������+X\�HW�DO���������6LOHVKL��������
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7KH�SUHGLFWLRQ�DFFXUDF\�RI � WUHH�EROH�YROXPHV�

ZDV�KLJK�ZKHQ�WKH�YDOXHV�RI �0(��3(��506(��

DQG�0$3(�ZHUH�ORZ��

7R�IXUWKHU�HYDOXDWH�WKH�SUHGLFWLRQ�DFFXUDF\�

RI � WKH�IRXU�VLPSOH�YROXPH�HTXDWLRQV�DQG� WZR�

VHOHFWHG� YROXPH� PRGHOV�� WKH� LQGHSHQGHQW�

YDOLGDWLRQ�GDWDVHW�RI ����VDPSOH�WUHHV��7DEOH����

ZHUH�REVHUYHG��7KLV�VWHS�DLPHG�WR�HPXODWH�WKH�

DSSOLFDWLRQ� RI � VLPSOH� YROXPH� HTXDWLRQV� DQG�

YROXPH�PRGHOV�ZKHQ�XVHG�E\�FRPPXQLWLHV�WR�

HVWLPDWH�WUHH�EROH�YROXPHV�RI �PDKRJDQ\�LQ�WKH�

ÀHOG��6LPLODU� WR� WKH�FURVV�YDOLGDWLRQ�VWHS��HDFK�

VLPSOH�YROXPH�HTXDWLRQ�DQG�YROXPH�PRGHO�ZDV�

XVHG�WR�SUHGLFW�WKH�EROH�YROXPHV�RI ����VDPSOH�

WUHHV�� 7KHLU� SUHGLFWLRQ� DFFXUDF\� ZDV� DVVHVVHG�

E\� XVLQJ� WKH� 0(�� 3(�� 506(3�� DQG� 0$3(�

FDOFXODWHG�RQO\�IRU�RQH�UHDOL]DWLRQ��������

III. RESULT AND DISCUSSION

A. Form Factors of  Mahogany

7KH� PHDQ� RI � DUWLÀFLDO� IRUP� IDFWRU� �IG��

RI � PDKRJDQ\� WUHHV� ZDV� ����� ZLWK� D� VWDQGDUG�

GHYLDWLRQ�RI �������ZKLOH�WKDW�RI �DEVROXWH�IRUP�

factor (f
b
�� ZDV� ����� ZLWK� D� VWDQGDUG� GHYLDWLRQ�

RI � ������7KH� f
b
 was lower than f

d
� EHFDXVH� WKH�

F\OLQGULFDO�YROXPHV�RI �IE�XVHG�WKH�EDVH�GLDPHWHU�

JUHDWHU� WKDQ� WKH� EUHDVW� KHLJKW� GLDPHWHU� RI � f
d
��

7KLV�ÀQGLQJ�LV�VLPLODU�WR�$UGHOLQD�HW�DO����������

ZKR�DOVR�IRXQG�WKDW�WKH�DEVROXWH�IRUP�IDFWRU��f
b 

 �������ZDV�ORZHU�WKDQ�WKH�DUWLÀFLDO�IRUP�IDFWRU�

(f
d
� � ������ RI �Falcataria moluccana� VSHFLHV�� 7KH�

f
d
� RI � ����� LV� KLJKHU� WKDQ� WKDW� RI � UHSRUWHG� E\�

:DKMRQR�DQG�6RHPDUQD���������ZKR�IRXQG�WKH�

f
d
�RI ������IRU�WKH�PDKRJDQ\�WUHHV�RI �D�SODQWDWLRQ�

IRUHVW� LQ�(DVW� -DYD��7KLV�GLVFUHSDQF\�FRXOG�EH�

DWULEXWHG� WR� VRPH� GLIIHUHQFHV� LQ� GHWHUPLQLQJ�

the f
d
��,Q�WKLV�VWXG\��WKH�PDKRJDQ\�WUHHV�ZKRVH�

VPDOO� WR� PHGLXP� GLDPHWHUV� ��²��� FP�� ZLWK�

ORZHU�EROH�KHLJKWV���²���P��ZHUH�VHOHFWHG�WKDW�

UHVXOWHG� LQ�PRUH� F\OLQGULFDO� VWHPV� DQG� KLJKHU�

IG��0HDQZKLOH��:DKMRQR�DQG�6RHPDUQD��������

XVHG� WKH� PDKRJDQ\� ZKRVH� PHGLXP� WR� ODUJH�

GLDPHWHUV����²���FP��ZLWK�KLJKHU�EROH�KHLJKWV�

��²���P��WKDW�UHVXOWHG�LQ�PRUH�WDSSHUHG�VWHPV�

with lower f
d
��

,QWHUHVWLQJO\��WKH�DUWLÀFLDO�DQG�DEVROXWH�IRUP�

IDFWRUV� VOLJKWO\� GHFUHDVHG� ZKHQ� WKH� GLDPHWHUV�

DW�EUHDVW�KHLJKW�LQFUHDVHG��)LJXUH�����$�VLPLODU�

WUHQG�ZDV�DOVR�UHSRUWHG�E\�7HQ]LQ�HW�DO����������

ZKR� REVHUYHG� WKDW� WKH� IRUP� IDFWRUV� RI � QLQH�

FRPPHUFLDO� WUHH� VSHFLHV� LQ� %KXWDQ� ZHUH� DOVR�

JUDGXDOO\�GHFUHDVLQJ�ZLWK�LQFUHDVLQJ�GLDPHWHUV��

7KH�GLDPHWHUV�KDG�YHU\�ZHDN�DQG�QRW�VLJQLÀFDQW�

FRUUHODWLRQV�ZLWK�HLWKHU�WKH�DUWLÀFLDO�IRUP�IDFWRU�

(r� �î������P-value�!������RU�WKH�DEVROXWH�IRUP�

�������������������������D�

����������������E�

��������������F�

������G�
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factor (r� �î������P-value�!�������:DKMRQR�DQG�

6RHPDUQD��������DOVR�REVHUYHG�D�ZHDN�DQG�QRW�

VLJQLÀFDQW�FRUUHODWLRQ��r� ������ P-value�!������

EHWZHHQ�WKH�GLDPHWHUV�DQG�DUWLÀFLDO�IRUP�IDFWRU�

RI �PDKRJDQ\��7KLV�ÀQGLQJ� VXJJHVWHG� WKDW� WKH�

IRUP�IDFWRUV�ZHUH�UHODWLYHO\�FRQVWDQW��KHQFH��LW��

FRXOG�HVWLPDWH�WUHH�EROH�YROXPHV�RI �PDKRJDQ\�

ZLWK�GLDPHWHUV�RI ��²���FP�

B. Volume Models for Mahogany

$OO�RI �WKH�YROXPH�PRGHOV�SURGXFHG�VLPLODU�

506(�RI �����²�����P��DQG�WKHLU�LQGHSHQGHQW�

YDULDEOHV� �D and/or H�� H[SODLQHG���²����RI �

WKH�WRWDO�YDULDWLRQ�RI �WUHH�EROH�YROXPHV��7DEOH�

����$PRQJ�WKH�WKUHH�9'�PRGHOV��KRZHYHU��WKH�

9'�� DQG� 9'��PRGHOV� KDG� VRPH� SDUDPHWHUV�

(b
0
�� b

1
�� WKDW� ZHUH� QRW� VLJQLÀFDQW� �P-value 

!������� VXJJHVWLQJ� WKDW� WKHVH� PRGHOV� ZHUH�

QRW� DSSURSULDWH� IRU� HVWLPDWLQJ� WKH� WUHH� EROH�

YROXPHV�� 7KXV�� WKH� 9'�� SURYLGHG� D� VLPSOH�

\HW� UHOLDEOH� PRGHO� IRU� HVWLPDWLQJ� WUHH� EROH�

YROXPHV�RI �PDKRJDQ\�E\�RQO\�XVLQJ�D�YDULDEOH��

7KH� 9'�� PRGHO� SURGXFHG� UHVLGXDOV� WKDW�

DSSUR[LPDWHO\� IROORZHG� D� QRUPDO� GLVWULEXWLRQ�

�)LJXUH��D��� IDU�EHWWHU� WKDQ� WKRVH�RI � WKH�9'��

DQG�9'��PRGHOV��QRW�VKRZQ���7KH�9'��PRGHO�

DOVR�GLG�QRW�SURGXFH�DQ�REYLRXV�SDWWHUQ�RI �WKH�

UHVLGXDOV��)LJXUH��F���LQGLFDWLQJ�WKDW�WKLV�PRGHO�

VDWLVÀHG� WKH� DVVXPSWLRQ� RQ� KRPRVFHGDVWLFLW\�

RI �UHVLGXDOV����

7KH�DGGLWLRQ�RI �WKH�H�YDULDEOH�LQWR�YROXPH�

PRGHOV� VOLJKWO\� LPSURYHG� WKH�SHUIRUPDQFH�RI �

)LJXUH�����5HODWLRQVKLS�EHWZHHQ�GLDPHWHU�DW�EUHDVW�KHLJKW��D��DQG��D��DUWLÀFLDO�IRUP�IDFWRU��f
d
��DQG��E��

DEVROXWH�IRUP�IDFWRU��f
b
��RI �PDKRJDQ\�WUHHV

7DEOH����3DUDPHWHU�HVWLPDWHV�DQG�JRRGQHVV�RI�ÀW�VWDWLVWLFV�RI �WKH�YROXPH�PRGHOV

Model Parameter SE P-value RMSE AIC R2
adj

9'� b
0
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1
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9'� b
0
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b
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9'� b
0
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b
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9'+� b
0
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b

1
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9'+� b
0
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b

1
������� �������� ������

9'+� b
0

������� �������� ������ ������ î�����7 �����
b
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������� �������� ������

b
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������� �������� ������
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9'+�PRGHOV��LQ�ZKLFK�WKH�D and H�YDULDEOHV�

ZHUH� VLJQLÀFDQW� �P-value� ������� DQG� H[SODLQHG�

��²���� RI � WKH� WRWDO� YDULDWLRQ� RI � WUHH� EROH�

YROXPHV� �7DEOH� ���� 7KLV� ÀQGLQJ� LV� FRQVLVWHQW�

ZLWK� .ULVQDZDWL� HW� DO�� �������� ZKR� UHSRUWHG�

that the addition of  H other than D�YDULDEOHV�

LPSURYHG�WKH�SHUIRUPDQFH�RI �YROXPH�PRGHOV�

E\� ���� 7KH� 9'+�� DQG� 9'+�� PRGHOV�

ZHUH� VLPLODU� LQ� WHUPV� RI � WKHLU� JRRGQHVV�

RI�ÀW� VWDWLVWLFV�� PHDQLQJ� WKDW� WKHUH� ZHUH� QR�

VLJQLÀFDQW� GLIIHUHQFHV� LQ� WKH� SHUIRUPDQFH� RI �

WKHVH� PRGHOV�� 7KH� 9'+�� PRGHO�� KRZHYHU��

KDG� EHWWHU� SHUIRUPDQFH� WKDQ� WKH� RWKHU�9'+�

PRGHOV� EHFDXVH� LW� SURGXFHG� WKH� ORZHVW� $,&�

WKDW�GLIIHUHG�E\���²���FRPSDUHG�WR�WKH�$,&�RI �

9'+��DQG�9'+��PRGHOV��7KH�$,&�GLIIHUHQFH�

RI � !��� LQGLFDWHG� WKDW� WKH� 9'+��PRGHO� KDG�

D� VWURQJ� SHUIRUPDQFH� FRPSDUHG� WR� WKH� RWKHU�

PRGHOV��%XUQKDP�	�$QGHUVRQ���������$QDO\VLV�

RI � UHVLGXDOV� DOVR� FRQÀUPHG� WKDW� WKH� 9'+��

PRGHO� VDWLVÀHG� WKH� DVVXPSWLRQ� RQ� QRUPDOLW\�

DQG� KRPRVFHGDVWLFLW\� RI � UHVLGXDOV� �)LJXUH�

�E� DQG� �G���7KXV�� WKH�9'+�� �DOVR� FDOOHG� WKH�

6FKXPDFKHU�+DOO� PRGHO� LQ� IRUHVWU\� OLWHUDWXUH��

ZDV�WKH�PRVW�UHOLDEOH�PRGHO�IRU�HVWLPDWLQJ�WUHH�

EROH� YROXPHV� RI � PDKRJDQ\�� HVSHFLDOO\� ZKHQ�

the D and H�GDWD�ZHUH�DYDLODEOH��7KH�UHOLDELOLW\�

RI � 6FKXPDFKHU�+DOO� PRGHO� �9'+��� ZDV�

DOVR� UHSRUWHG� E\� &\VQHLURV� HW� DO�� ������� ZKR�

GHYHORSHG� WUHH� YROXPH� PRGHOV� IRU� WKH� PDLQ�

IRUHVW�W\SHV�RI �WKH�$WODQWLF�)RUHVW�UHJLRQ�

C. Accuracy of  the Volume Estimates

:KHQ�WKH�DUWLÀFLDO�DQG�DEVROXWH�IRUP�IDFWRUV�

ZHUH�XVHG�WR�HVWLPDWH�WUHH�EROH�YROXPHV�XVLQJ�

WKH� VLPSOH� YROXPH� HTXDWLRQV�� WKHLU� DFFXUDF\�

ZDV�DIIHFWHG�E\�WKH�WUHH�KHLJKWV��7DEOH�����7KH�

DUWLÀFLDO� IRUP� IDFWRU� �f
d
�� JHQHUDWHG� WKH� PRVW�

DFFXUDWH�HVWLPDWH�RI �WUHH�EROH�YROXPHV��3(�î����

DQG�������ZKHQ�LW�ZDV�XVHG�ZLWK�WKH�EROH�KHLJKW�

(H
b
) in the Vf

d-Hb
�PRGHO��7KH�KLJKHVW�DFFXUDF\�

of  the V
fd-Hb
�PRGHO�ZDV� DOVR� LQGLFDWHG� E\� WKH�

ORZHVW� YDOXHV� RI � 0(�� 506(3�� DQG� 0$3(�

FRPSDUHG�WR�WKH�RWKHU�VLPSOH�YROXPH�HTXDWLRQV��

+RZHYHU��WKH�f
d
�JHQHUDWHG�D�KLJKHU�QHJDWLYH�ELDV�

�3(�î������PHDQLQJ�WKDW�LWV�WUHH�EROH�YROXPH�

HVWLPDWHV�ZHUH�KLJKHU�WKDQ�WKH�DFWXDO�WUHH�EROH�

YROXPHV�ZKHQ�LW�ZDV�XVHG�ZLWK�WKH�WRWDO�KHLJKW�

)LJXUH�����7KH�QRUPDO�SUREDELOLW\�SORW�RI �WKH�UHVLGXDOV�RI ��D��9'��DQG��E��9'+��PRGHOV�DQG�WKH�

GLVWULEXWLRQ�RI �VWDQGDUGL]HG�UHVLGXDOV�RI ��F��9'��DQG��G��9'+��PRGHOV
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(H
t
) in the V

fd-Ht
�PRGHO��,Q�FRQWUDVW��WKH�DEVROXWH�

form factor (f
b
�� JHQHUDWHG� D� KLJK� DFFXUDF\� RI �

WUHH� EROH� YROXPH� HVWLPDWHV� �3(� ���� ZKHQ� LW�

was used with the H
t
 in the V

fb-Ht
�PRGHO��EXW�LW�

JHQHUDWHG�D� ORZ�DFFXUDF\�RI � WUHH�EROH�YROXPH�

HVWLPDWHV��3(�����DQG������ZKHQ�LW�ZDV�XVHG�

with the H
b 
in the V

fb-Hb
�PRGHO��&RPSDUHG� WR�

WKH� RWKHU� VLPSOH� YROXPH� HTXDWLRQV�� WKH�V
fd-Hb

 

and V
fb-Ht
�PRGHOV�SURGXFHG�VPDOOHU�GHYLDWLRQV�

RI �WUHH�EROH�YROXPH�HVWLPDWHV��)LJXUH�����7KHVH�

ÀQGLQJV�VXJJHVWHG�WKDW�RQH�PXVW�XVH�HLWKHU�WKH�

DUWLÀFLDO� IRUP� IDFWRU� �f
d 
 � ������ FRXSOHG� ZLWK�

WKH� EROH� KHLJKW� �V
fd-Hb
�PRGHO�� RU� WKH� DEVROXWH�

form factor (f
b 
 ������� FRXSOHG�ZLWK� WKH� WRWDO�

KHLJKW� �V
fb-Ht
� PRGHO�� WR� REWDLQ� KLJK� DFFXUDF\�

LQ� HVWLPDWLQJ� WUHH�EROH� YROXPHV�RI �PDKRJDQ\�

XVLQJ�WKH�VLPSOH�YROXPH�HTXDWLRQ�

$V� H[SHFWHG�� WKH� VHOHFWHG� YROXPH� PRGHOV�

�9'�� DQG� 9'+��� JHQHUDOO\� SURGXFHG� PRUH�

DFFXUDWH� WUHH� EROH� YROXPH� HVWLPDWHV� WKDQ�

WKH� VLPSOH� YROXPH� HTXDWLRQV� �7DEOH� ���� 7KH�

GHYLDWLRQV� RI � WUHH� EROH� YROXPH� HVWLPDWHV�

7DEOH����$FFXUDF\�VWDWLVWLFV�RI �WKH�IRXU�VLPSOH�YROXPH�HTXDWLRQV�DQG�WZR�VHOHFWHG�YROXPH�PRGHOV

Model Validation ME (m3) PE (%) RMSEP (m3) MAPE (%)
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9'+� &URVV î������ î��� ����� ����

,QGHSHQGHQW î������ î��� ����� ����

)LJXUH�����7KH�GHYLDWLRQ�RI �WUHH�EROH�YROXPH�HVWLPDWHV�JHQHUDWHG�E\�WKH�VLPSOH�YROXPH�HTXDWLRQV�DQG�

YROXPH�PRGHOV�XVLQJ�WKH�LQGHSHQGHQW�YDOLGDWLRQ�GDWDVHW
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JHQHUDWHG�E\�WKH�9'��DQG�9'+��PRGHOV�ZHUH�

DOVR� VPDOOHU� WKDQ� WKRVH�RI � WKH� VLPSOH� YROXPH�

HTXDWLRQV� �)LJXUH� ���� 7KH� 0$3(� RI � 9'+��

PRGHO�ZDV�ORZHU�WKDQ�WKDW�RI �WKH�9'��PRGHO��

FRQÀUPLQJ� WKDW� WKH� 9'+�� PRGHO� ZDV� PRUH�

DFFXUDWH� WKDQ� WKH�9'��PRGHO�� ,Q� WKH�DEVHQFH�

RI � WUHH�KHLJKW�GDWD��KRZHYHU�� WKH�9'��PRGHO�

FRXOG� DOVR� EH� XVHG� WR� HVWLPDWH� WKH� WUHH� EROH�

YROXPHV�EHFDXVH�LWV�0$3(�ZDV�RQO\�PDUJLQDOO\�

ORZHU�����²������WKDQ�WKDW�RI �WKH�9'+��PRGHO�

EXW�WKHLU�506(3�YDOXHV�ZHUH�VLPLODU�

D. Options for Estimating Tree Bole 

Volumes

7KLV� VWXG\� UHYHDOHG� WKDW� FRPPXQLWLHV�

FRXOG� XVH� WKH� 9
IG�+E

�� 9'+��� RU� 9'�� PRGHO�

WR� HVWLPDWH� WUHH� EROH� YROXPHV� RI � PDKRJDQ\�

LQ� WKH� VWXG\� DUHD�� 7KH� 9
IG�+E

� DQG� 9'�� KDYH�

VLPLODU� DFFXUDF\�� ZKLOH� WKH� 9'+�� KDV� WKH�

KLJKHVW� DFFXUDF\��7KHVH�PRGHOV� DUH� UHOLDEOH� WR�

XVH� EHFDXVH� WKH\� SURYLGH� DFFHSWDEOH� DFFXUDF\�

�3(�������506(3��������P���DQG�0$3(���

������&RPPXQLWLHV�PD\�FKRRVH�RQH�RI � WKHP�

E\� FRQVLGHULQJ� DYDLODELOLW\� RI � LQSXW� GDWD� DQG�

DQWLFLSDWLQJ� SRVVLEOH� HUURUV� ZKHQ� DSSO\LQJ�

WKRVH�PRGHOV��$OO�PRGHOV� FRQÀUPHG� WKDW�ELDV�

LQFUHDVHG�ZKHQ�GLDPHWHU� LQFUHDVHG� �)LJXUH�����

VXJJHVWLQJ� WKDW� FRPPXQLWLHV� VKRXOG� PHDVXUH�

PRUH�FDUHIXOO\�ODUJHU�WUHHV�WKDQ�VPDOOHU�WUHHV��

7KH� 9
IG�+E

� XVHV� D� VLPSOH� YROXPH� HTXDWLRQ�

WKDW� LQYROYHV� GLDPHWHU�� EROH� KHLJKW�� DQG� IRUP�

IDFWRU� �(TXDWLRQ� ������ 7KLV� VLPSOH� YROXPH�

HTXDWLRQ�LV�FRPPRQO\�XVHG�LQ�SUDFWLFH�ZKHQ�D�

YROXPH�PRGHO�LV�QRW�DYDLODEOH��%HFDXVH�VXFK�D�

YROXPH� HTXDWLRQ� LV� QRW� D� UHJUHVVLRQ�PRGHO�� LW�

LV�DOVR�FRPPRQO\�XVHG�ZLWKRXW�FRQVLGHULQJ�WKH�

UDQJH�RI �GLDPHWHU�DQG�KHLJKW�GDWD��7KLV�SUDFWLVH�

VKRXOG� EH� DYRLGHG� ZKHQ� XVLQJ� WKH� YROXPH�

PRGHO��EHFDXVH�SUHGLFWLRQ�ELDVHV�ZRXOG�RFFXU�

ZKHQ�D�YROXPH�PRGHO�LV�XVHG�RXWVLGH�WKH�UDQJH�

RI � WKH� GLDPHWHU� DQG�KHLJKW� GDWD��7KH� ODFN�RI �

information on form factors often motivates 

XVHUV�WR�XVH�D�JHQHUDO�DUWLÀFLDO�IRUP�IDFWRU�RI �����

�.ULVQDZDWL� HW� DO��� �������+RZHYHU�� WKH� UHVXOWV�

of  this study warn users to selectively use an 

DSSURSULDWH� IRUP�IDFWRU�DQG� WUHH�KHLJKW�ZKHQ�

XVLQJ� WKH� VLPSOH� YROXPH� HTXDWLRQ�� 7KH�9
IG�+E�

FRQÀUPHG�WKDW�WKH�DUWLÀFLDO�IRUP�IDFWRU�RI ������

PXVW�EH�XVHG�ZLWK�WKH�EROH�KHLJKW�GDWD�WR�JHW�

DFFXUDWH��WUHH�EROH�YROXPH�HVWLPDWHV��7KH�EROH�

KHLJKW��KRZHYHU��PLJKW�QRW�EH�HDV\�WR�PHDVXUH�

LQ� WKH� ÀHOG� EHFDXVH� LW� PLJKW� EH� FRQIXVLQJ�

ZKHQ�GHWHUPLQLQJ�WKH�FURZQ�EDVH�RI �WUHHV��,Q�

SUDFWLFH��LW�LV�HDVLHU�WR�PHDVXUH�WKH�WRWDO�KHLJKW�

UDWKHU�WKDQ�WKH�EROH�KHLJKW��EHFDXVH�WKH�WLS�RI �

FDQRS\�LV�HDV\�WR�REVHUYH�ZKHQ�PHDVXULQJ�WKH�

WRWDO�KHLJKW�RI �PDKRJDQ\�WUHHV�WKDW�FRPPRQO\�

JURZ� VSDUVHO\� LQ� FRPPXQLW\� IRUHVWV��%XW�� WKLV�

VWXG\� FRQÀUPHG� WKDW� WKH� XVH� RI � WRWDO� KHLJKW�

FRXSOHG�ZLWK�WKH�DUWLÀFLDO�IRUP�IDFWRU�SURGXFHG�

D� KLJK� QHJDWLYH� ELDV��PHDQLQJ� WKDW� WKH� VLPSOH�

YROXPH�HTXDWLRQ� �9
IG�+W
�� JHQHUDWHG�KLJKHU� WUHH�

EROH� YROXPH� HVWLPDWHV� WKDQ� WKH� DFWXDO� WUHH�

EROH�YROXPHV��7R�UHGXFH�WKH�ELDV��FRPPXQLWLHV�

VKRXOG� XVH� WKH� WRWDO� KHLJKW� FRXSOHG� ZLWK� WKH�

DEVROXWH�IRUP�IDFWRU�RI �������9
IE�+W

) instead of  

WKH�DUWLÀFLDO�IRUP�IDFWRU�ZKHQ�WKH\�XVH�D�VLPSOH�

YROXPH� HTXDWLRQ�� 7KH� XVH� RI � DQ� DSSURSULDWH�

IRUP�IDFWRU�LV�DOVR�UHFRPPHQGHG�E\�+HQU\�HW�

DO�� �������� ZKR� REVHUYHG� D� VLJQLÀFDQW� ELDV� LQ�

FRQYHUWLQJ�WUHH�YROXPH�LQWR�WUHH�ELRPDVV�ZKHQ�

WKH� VLPSOH� YROXPH� HTXDWLRQ� ZDV� XVHG� ZLWK� D�

JHQHUDO�IRUP�IDFWRU�RI �����

:KLOH�WKH�VLPSOH�YROXPH�HTXDWLRQ��9
IG�+E 

or 

9
IE�+W
��UHTXLUHV�D�FDUHIXO�FKRLFH�RI �IRUP�IDFWRU�

DQG� KHLJKW� GDWD�� WKH� YROXPH� PRGHOV� �HLWKHU�

9'+��RU�9'���SURYLGH�D�FOHDU�FKRLFH�RI �LQSXW�

GDWD��7KH�9'+��PRGHO�XVHV�ERWK�WKH�GLDPHWHU�

DW�EUHDVW�KHLJKW�DQG�WRWDO�KHLJKW��ZKLFK�LV�HDVLHU�

WR� PHDVXUH� WKDQ� WKH� EROH� KHLJKW�� :KLOH� WKH�

GLDPHWHU�LV�HDV\�WR�PHDVXUH�E\�XVLQJ�D�PHDVXULQJ�

WDSH�� WKH� WRWDO� KHLJKW� LV� QRW� HDV\� WR� PHDVXUH�

LQ� WKH� ÀHOG� �+XVFK� HW� DO��� ������ /DUMDYDDUD�	�

0XOOHU�/DQGDX�� ������0DJQXVVHQ� HW� DO��� ������

ZLWKRXW�XVLQJ�D�K\SVRPHWHU�WKDW�PLJKW�QRW�EH�

DYDLODEOH�LQ�WKH�FRPPXQLWLHV��+RZHYHU�� LQ�WKLV�

HPHUJLQJ�WHFKQRORJ\�HUD��FRPPXQLWLHV�FDQ�XVH�

D�VPDUWSKRQH�EDVHG�DSSOLFDWLRQ�IRU�PHDVXULQJ�

WUHH�KHLJKW�ZLWK�DFFHSWDEOH�DFFXUDF\��9DVWDUDQWD�

HW� DO��� �������:KHQ� FRPPXQLWLHV� DUH� JURXSHG�

LQ� D� IRUHVW� RZQHU·V� DVVRFLDWLRQ�� WKH\� FRXOG�

SXUFKDVH� RU� UHQW� D� K\SVRPHWHU� GHYLFH�� HLWKHU�

D�PHFKDQLFDO�K\SVRPHWHU� �H�J��+DJD�DOWLPHWHU��

RU� D� ODVHU� UDQJHÀQGHU� �/DUMDYDDUD� 	� 0XOOHU�

,QGRQHVLDQ�-RXUQDO�RI �)RUHVWU\�5HVHDUFK�9RO����1R�����2FWREHU������������������������������������,661������������(�,661�����������



���

/DQGDX���������IRU�VXSSRUWLQJ�WKH�PDQDJHPHQW�

RI � FRPPXQLW\� IRUHVWV�� ,Q� DGGLWLRQ�� LW� LV� DOVR�

necessary to assist communities on how to 

XVH� PHDVXUHPHQW� GHYLFHV� IRU� HVWLPDWLQJ� WUHH�

EROH�YROXPHV�E\�XVLQJ�WKH�YROXPH�PRGHO��7KLV�

FRXOG�EH�D�WDVN�RI �IRUHVWU\�H[WHQVLRQ�RIÀFHUV�WR�

HGXFDWH�FRPPXQLW\�IRUHVW�RZQHUV�

7KH� VLPSOHVW� ZD\� IRU� HVWLPDWLQJ� WUHH� EROH�

YROXPHV� RI � PDKRJDQ\� LV� XVLQJ� WKH� 9'��

PRGHO�� &RPSDUHG� WR� WKH� 9
IG�+E

� DQG� 9'+���

WKH�9'��PRGHO�SURYLGHV�D�SUDFWLFDO�DGYDQWDJH�

IRU� FRPPXQLWLHV� EHFDXVH� LW� RQO\� UHTXLUHV�

tree diameter data that are easy to measure 

LQ� WKH�ÀHOG� �6DQWRV� HW� DO��� �������0RVW� RI � WKH�

YDULDELOLW\� ������ RI � WUHH� EROH� YROXPHV� LV�

DFFRXQWHG�IRU�E\�GLDPHWHU�LQ�WKH�9'��PRGHO��

VXJJHVWLQJ� WKDW� GLDPHWHU� DORQH� LV� VXIÀFLHQW�

IRU�HVWLPDWLQJ� WUHH�EROH�YROXPHV��6DQWRV�HW�DO��

������� DOVR� IRXQG� WKDW� D� YROXPH�PRGHO� XVLQJ�

RQO\� GLDPHWHU� SURYLGHG� DFFXUDWH� YROXPH�

HVWLPDWHV�RI �DIULFDQ�PDKRJDQ\��Khaya ivorensis) 

WUHHV��+RZHYHU�� FRPPXQLWLHV� VKRXOG�EH�DZDUH�

WKDW�WKH�9'��PRGHO�RQO\�DSSOLHV�WR�WKH�FXUUHQW�

PDKRJDQ\�VWDQGV�ZKRVH�WRWDO�WUHH�KHLJKWV�ZHUH�

UHODWLYHO\� XQLIRUP� WKURXJKRXW� WKH� VWXG\� DUHD�

�&9�RI ���²�����7DEOH����� ,W� LV�QRW�VXUSULVLQJ�

WKHUHIRUH��WKDW�WKH�DGGLWLRQDOLW\�RI �WRWDO�KHLJKW�

LQ� WKH�9'+��PRGHO�RQO\� H[SODLQV����RI � WKH�

YDULDELOLW\�RI � WUHH�EROH�YROXPHV��7DEOH�����)RU�

SUDFWLFDO�SXUSRVHV�� WKH�9'��PRGHO�FRXOG�DOVR�

EH� XVHG� IRU� HVWLPDWLQJ� WKH� WUHH� EROH� YROXPHV�

RI �PDKRJDQ\�LQ�RWKHU�FRPPXQLW\�IRUHVW�DUHDV�

ZLWK�UHODWLYHO\�KRPRJHQHRXV�WRWDO�WUHH�KHLJKWV�

IV.   CONCLUSION

7KH�PDKRJDQ\� WUHHV� DW� WKH� VWXG\� DUHD� KDG�

DQ�DUWLÀFLDO�IRUP�IDFWRU�RI �������������DQG�DQ�

DEVROXWH� IRUP� IDFWRU� RI � ����� �� ������ 7KHVH�

IRUP�IDFWRUV�FRXOG�EH�XVHG�LQ�D�VLPSOH�YROXPH�

HTXDWLRQ��EXW�WKHLU�DFFXUDF\�GHSHQGHG�RQ�WUHH�

KHLJKW�GDWD��7KH�VLPSOH�YROXPH�HTXDWLRQ�XVLQJ�

WKH� DUWLÀFLDO� IRUP� IDFWRU� DQG�EROH�KHLJKW�GDWD�

SURYLGHG� DFFXUDWH� HVWLPDWHV� RI � WKH� WUHH� EROH�

YROXPHV�� ,Q� D� VLPSOH� YROXPH� HTXDWLRQ�� WRWDO�

KHLJKW� VKRXOG� QRW� EH� XVHG� ZLWK� WKH� DUWLÀFLDO�

IRUP� IDFWRU�� EXW� LW� FRXOG� EH� XVHG� ZLWK� WKH�

DEVROXWH� IRUP� IDFWRU�� 7KH�PRVW� DFFXUDWH� ZD\�

WR�HVWLPDWH�WKH�WUHH�EROH�YROXPHV�RI �PDKRJDQ\�

ZDV�XVLQJ�WKH�YROXPH�PRGHO�WKDW�XVHV�GLDPHWHU�

DQG� WRWDO� KHLJKW� �9'+���� :KHQ� WRWDO� KHLJKW�

GDWD�ZHUH�QRW�DYDLODEOH�� WKH�PRVW�SUDFWLFDO� \HW�

UHOLDEOH�ZD\� WR�HVWLPDWH� WKH� WUHH�EROH�YROXPHV�

ZDV� XVLQJ� WKH� YROXPH� PRGHO� WKDW� RQO\� XVHV�

GLDPHWHU� �9'����7KLV� YROXPH�PRGHO� LV� XVHIXO�

IRU�VXSSRUWLQJ�FRPPXQLW\�IRUHVW�PDQDJHPHQW�

LQ�WKH�VWXG\�DUHD� �
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