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TOM TAT

Muc tiéu ciia nghién ctru nay 1a xay dung phuong trinh thé tich cy dimg ti uu cho ba loai ciy wu
thé rimg khop tai tinh Dak Lik gom Chiéu liéu (Terminalia corticosa Pierre), Dau dong (Dipterocarpus
tuberculatus Roxb) va Dau tra beng (Dipterocarpus obtusifolius Teijsm. e. Miq). S6 liéu duoc thu thap
tir 156 cdy giai tich thudc rimg khop tai tinh Bak Lik. Phuong phap thim dinh chéo Monte Carlo véi 200
lan 1ap dugc sir dung, cho phép danh gia va lya chon mo hinh tdi wu mot cach khach quan va 6n dinh.
05 dang phuong trinh thé tich thudng dung duoc kiém dinh, so sanh dua trén cac chi tiéu R? hiéu chinh
(R2adj), Akaike Information Criterion (AIC), Bias%, RMSE% va MAPE%. Két qua cho thiy phuong
trinh dang V = a x (D, > x H)* dat d6 chinh xac cao nhat ddi véi ca ba loai nghién ciru. Tham s6 cua
phuong trinh t6i wu duoc wéc lugng tir toan bo bo s6 lidu, véi R2adj > 0,96, phan du phan bd déu phéan bd
quanh gia tri du bao va c6 sy phit hop chit ché giira gia tri quan sat va gi tri du doan. Két qua ctia nghién
ctru khing dinh tinh hiéu qua ctia phuong phap thim dinh chéo Monte Carlo trong diéu kién dit liéu han
ché, dong thoi cung cap cong cu dang tin cdy phuc vu diéu tra va quan 1y rimg khop tai tinh Dak Lak.

Tir khoa: Phuong trinh thé tich, rung khop, tham dinh chéo Monte Carlo, mé hinh hoa.

1. MO PAU

Trong san xuit 1am nghi¢p, viéc xay dung
phuong trinh thé tich cay dimg v&i do chinh xac
mong mudn c6 ¥ nghia dic biét quan trong. O Viét
Nam, nhiéu céng trinh nghién ctru da xay dung
phuong trinh thé tich va biéu san lugng cho cac
kiéu rimg khac nhau (Pong ST Hién, 1974; Dao
Cong Khanh, 2001; Tran Hiru Vién, 2002). Tuy
nhién, cc nghién ciru nay chu yéu sir dung phuong
phap truyén thong, danh gia mo hinh théng qua hé
sb xac dinh (R?) va mot s6 chi tiéu co ban, ma chua
chu trong dén viéc phan tich sai s6 mo hinh mét
cach khach quan. Do vay, mac do tin cdy va tinh
khai quat cta cac phuong trinh thé tich con han
ché, nhét 1a khi ap dung cho cac loai ciy cu thé ¢
nhiing vung sinh thai khac nhau.

Rung khop 1a mét trong nhirng hé sinh thai dac
trung va c6 gia tri cao ¢ Tay Nguyén, trong do
Pik Lik 1a tinh c¢6 dién tich rimg khop 16n. Cac
loai cay nhu Chiéu liéu (Shorea obtusa), Dau dong
(Dipterocarpus tuberculatus) va Dau tra beng
(Dipterocarpus obtusifolius) la nhimg loai cay uu
thé trong rung khop, dong vai tro quan trong trong
co cau san xuét 1am nghiép. Thyc té viéc thu thap
s6 liéu giai tich than cay dugc thuc hién thong qua
chat ha cay, do dac toan bd kich thudc va thé tich
la mot cong viée ton kém, kho khan va chi phi 16n.
Chinh vi thé s6 liéu giai tich than cdy thuong rat
han ché, vi vy ma cho dén nay, cic phuong trinh
thé tich dang tin cdy danh riéng cho céac loai nay

'Khoa Nong nghiép, Truong Pai hoc Tdy Nguyén,

con chua dugce thiét 1ap day du, gay kho khan cho
cong tac diéu tra va quan 1y rimg.

Trong bdi canh nguén dir liéu it 6i nhu vay,
viéc ap dung cac phuong phap phan tich hién dai
dé khai thac toi da gia tri cua s6 lidu 1a didu dic
biét can thiét. Phuong phap thim dinh chéo Monte
Carlo cho phép chia tach dit liéu dé vira xay dung,
vira danh gia mo hinh lap lai nhiéu lan. Nho do,
cac mo hinh thé tich dugc kiém ching mot cach
khach quan, giam thiéu sai s6 ngau nhién va tan
dung tdi da sb liéu hién c6. Pay chinh la uu diém
nbi bat giup khic phuc han ché vé dung luong dit
li¢u trong nghién curu 1am nghiép, dac biét 1a ddi
v6i cac nghién ctru dua trén sb liéu giai tich than
cay.

Xuit phat tir thuc tién trén, nghién ciru tién
hanh phan tich s6 liéu giai tich than cay dé thiét 1ap
phuong trinh thé tich cay dimg cho ba loai ciy gb
uu thé rimg khop tai tinh Pak Lik. Két qua nghién
ctru ky vong s& cung cip co so khoa hoc va cong
cu hitu ich cho cong tac diéu tra, quan 1y va sir
dung bén viing tai nguyén rimg tai dia phuong.

2. VAT LIEU VA PHUONG PHAP NGHIEN
cuu
2.1. Vat liéu

S6 liéu ding cho nghién ctru dwoc thu thap
tu nam 2009 - 2014 trong thoi gian tac gia lam
Nghién ctru sinh va thyc hién dé tai khoa hoc cép
Bo vé rimg khop. 156 cay giai tich thudc ba loai
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g0 wu thé ciia rimg khop tai tinh Dak Lak, gom:
Chiéu lidu (Shorea obtuse), 48 ciy, Dau dong
(Dipterocarpus tuberculatus), 56 ciy va Dau tra
beng (Dipterocarpus obtusifolius), 52 cay. Khu
vuc thu thap s6 liéu thudc rung khop trén dia ban
huyén Buoén Pén, Ea Soup va Ea H’leo (theo dia
danh cii), tinh Dik Lak. Cac cdy dugc chon giai
tich ¢6 duong kinh ngang ngue (D, ;) tir 10 cm
dén 77 cm. Cay giai tich c6 than thang, tron déu,
sinh trudng binh thuong, khong cut ngon hay phan
canh bat thuong.

Phuong phép thu thap sb liéu cay giai tich nhu
sau: Trude hét, do chidu cao vat ngon, dudng kinh
tai vi tri 1,3m, sau d6 chat nga cay tiéu chuén va
tién hanh do chiéu dai men than (L, m), chiéu dai
than cdy tai vi tri duoi canh lon nhit con song
(H,,m) va chiéu cao gdc chat (H’g m) bang thude
day v6i do chinh xac 0,01m. Tiép dén, phan chia
than cay nga thanh 10 phan doan bang nhau theo
cac vi tri 00, 01, 02, 03, 04..., 09L, do duong kinh
thén céy co vo (D, cm) tai cdc vi tri chiéu cao
tuong dbi da phan chia. Dong thoi, x4c dinh chidu
dai than cay dén vi tri do.

Tinh thé tich gd than cay (Vcay): 1a thé tich gb
toan bd than cay tir mat dat (cé ré) dén dinh ngon
cay. Khi phan chia than cay thanh 10 phan doan c6
do dai tuyét dbi béng nhau, thé tich toan bd than
cay dugc xac dinh theo cong thirc kép sau:

a 7 d2 5 - L
Veay = E %+ dgy + -+ dﬁ,.}}_—

Trong d6: V 1a thé tich than cy; d,,, dyy» -
d,, 12 dudng kinh tai cac vi tri 1/10 than cdy; L la
chiéu dai toan than cay.

2.2. Phwong phadp nghién ciru

2.2.1. Lwa chon cdc dang phwong trinh thé tich dé

thur nghiém
Dé xay dung phuong trinh the tich, nghién ctru
lwa chon va kiém dinh mot s6 dang phuong trinh
thuong dugc sir dung trong lam nghiép (ang Si
Hién, 1974; Pao Cong Khanh, 2001), bao gom:
V=ax (D xHP
(2.1)
V=a+bx(D2xH)
(2.2)
=a+tbxD, +cxH
(2.3)
V=axD./S
(2.4)
V=axD, "xHe
(2.5)
Trong d6: - V 1a thé tich gd than cay (m®);
- D, la duong kinh tai vi tri 1,3m (cm);
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- H 1a chiéu cao viit ngon (m);

- a, b, ¢ 1a cac tham sd cta phuong trinh
can udc luong.
2.2.2. Phurong phdp tham dinh chéo

Pé danh gia va lya chon mo hinh tdi uu, nghién
ctru 4p dung phuong phap tham dinh chéo Monte
Carlo (Bao Huy, 2016; Zhang, 1997; Nguyén
Thanh Tan, 2019; Moore, 2017; Nguyén Thi Tinh,
2021). Theo phuong phép nay, dir liéu dugc chia
ngiu nhién thanh hai phan, trong d6 80% s li¢u
duogc dung dé xay dung mé hinh va 20% s liéu con
lai dung dé kiém dinh sai s6. Phan mém ma nguén
md& R duoc st dung vai cac cau lénh (codes) dugce
lap trinh dé tinh toan céc chi tiéu thong ké danh
gia, so sanh cac mé hinh (Bao Huy, 2016). Thuc
hién viéc phéan chia dit liéu ngiu nhién dén 200
lan, qua mdi 1an chay mé hinh s& cho két qua gia
tri cac chi tiéu va sai s6 va sau do6 s& xuat két gia trj
trung binh ctia 200 1an chay mé hinh cho 200 b
dir liéu duoc phan chia mot cach ngau nhién.

Cac chi tiéu dung dé danh gia nham lya chon
cac m6 hinh bao gom AIC, R? . va cac sai sO
thuong duoc dp dung khi thim dmh chéo 1a Bias%,
RMSE%, MAPE% (Mayer et al, 1993; Zhang,
1997; Temesgen et al, 2014; Huy et al, 2016).

- Chi tiéu AIC (Akaike Information Criterion)
duoc tinh theo cong thirc:

AIC =n x In(RSS/n) + 2p

Trong d6 n 1a s6 mau, RSS tong binh phuong
phan giu' ciia mo hinh (Residual Sum of Squares),
p la s0 tham s6 cua mé hinh.

Céc sai s6 tuong ddi ap dung theo phuong phap

thim dinh chéo Monte Carlo vé6i R 1an lip lai ngiu
nhién duogc tinh nhu sau:

- Sai léch % gilta quan sat va duy bao qua mo
hinh (Bias %):

n
R
1 100 i — ¥
Bias (%) = ) X § e
r=1 = ¥i

- Sai s6 trung phuong trung binh twong dbi
RMSE% (Root Mean Square Error):

le{]{]| Z{Y‘ 3.’

- Sai s6 tuyét d6i trung binh MAE% (Mean
Absolute Percent Error):

R
1 100 < |
MAPE(%) = —Z Z i = 9
Rr=1 }?L

RMSE (%) =
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Trong d6, R 1a s6 lan phéan chia dir liéu ngiu
nhién thanh hai phén; n 1a sb dit liéu danh gia cua
mdi 1an rat mau (20% mau dugc rat ngiu nhién);
y, va §; la gia tri quan sat va dy doan qua mo hinh.

Céc chi tiéu va sai sb trén cang bé thi mé hinh
¢6 do chinh xac cang cao. Phuong trinh t6i wu
duoc chon dua trén tiéu chi 1a R? ; cao nhét, AIC
va cic sai s nho nhét.

2.2.3. Ubc heong tham s6 ciia mé hinh thé tich toi
wu

Sau khi ding phuong phap thim dinh chéo sai
s6 mo hinh Cross Validation Monte Carlo dé lya
chon duoc dang ham tdt nhat, sé st dung toan bo
dir liéu dé xay dung mo hinh thé tich. Viéc udc
lugng cac tham s6 ctia mo hinh duoc thuc hién
bang phuong phap tuyén binh phuong t6i thiéu
(Linear Least Squares, chuong trinh “Im” trong
phan mém R) va phi tuyén tinh binh phwong tdi
thiéu (Nonlinear Least Squares, chuong trinh “nls”

trong phan mém R).

Toan bd cac phan tich thong ké néi trén duoc
thuc hién bang phan mém R (R-Core- Team).
3. KET QUA VA THAO LUAN
3.1. Két qua lwa chon dang phwong trinh thé tich
101 wu

Nghién ctru d3 st dung phan mém R dé lap mo
hinh va tinh toan cac chi tiéu thong ké theo phuong
phap tham dinh chéo Monte Carlo, nham so sanh
va d4nh gia sai s6 cic mo hinh. Trong d6 dit liu
duogc phén chia ngiu nhién véi 80% cho thiét 1ap
md hinh va 20% dé tham dinh, vai s6 lan lap lai R
=200 lan. Két qua tham dinh chéo cho thiy ca nim
dang phuong trinh thir nghiém déu c6 hé sé xac
dinh hi¢u chinh (R?adj) cao, dao dong tur 0,90 dén
0,96. Tuy nhién, gitra cac dang phuong trinh c6 su
khac biét twong ddi o rét vé AIC va céac chi tiéu sai
s6. Két qua duoc thé hién trong bang 1 dudi day.

Bang 1. Két qua thim dinh chéo cac phwong trinh thé tich

Loai cay D‘-‘“%r‘i’;‘l:"““g R’ AIC Bias%  RMSE%  MAPE%
2.1 0,9722 5,6051 -5,2407 28,8236 22,2343
2.2 0,9547 24,9326  -33,0086 67,8309 45,6984
Chiéu liéu 23 0,086 54,1715 38,1522 147,3292 83,6862
2.4 0,9395 35,5297 42521 32,7419 25,5873
2.5 0,9721 7,0273 -6,8698 30,5895 23,4829
2.1 0,9670 22,8627 -6,1916 28,1146 18,217
22 0,9358 27,5152 32,8679 72,9850 46,2028
Diu ddng 23 0,9298 33,6222 20,4607 88,8630 52,3122
2.4 0,9462 18,8193 -8,5857 28,6749 19,4796
2.5 0,9680 28715 -6,2679 27,5024 18,8490
2.1 0,9588 17,6856 -5,5033 36,0834 25,1536
o 22 0,9022 543522 -88,3924  192,7824  103,1767
D;:ntgm 23 0,9205 47,6006 524282 1722614 943219
2.4 0,9507 25,0579 -8,8685 37,7619 25,3120
2.5 0,9605 18,4725 -8,0528 38,7781 26,6759
Trong bang 1, cac chi tiéu R? . va AIC dugc cac dang phuong trinh con lai. Trong khi d6

tinh tur 80% dir lleu dung dé lapjrno hinh, con
cac sai sd Bias%, RMSE% va MAPE% duoc
tinh tr 20% dir liéu danh gia dwgc rat ngiu
nhién, doc lap véi dir liéu 1ap mo hinh. Két qua
trong bang 1a sb liéu duogc tinh trung binh tir
két qua mo phong cua 200 1an lip lai twvong ung
vo1 200 bo dir liéu khac nhau dugc rut mot cach
ngau nhién.

Dbi voi ca ba loai nghién ciru (Chiéu liéu,
Dau dong va Dau tra beng), phuong trinh dang
2.2 va 2.3 ¢6 R2adj thap nhat dong thoi cac chi
tieu AIC, Bias%, RMSE%, MAPE% cao hon
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dang phuong trinh 2.1 va 2.5 c6 R?adj cao hon
déng thoi cac chi tiéu AIC, Bias%, RMSE%,
MAPE% thap. Phuong trinh chi s dung mot
bién doc 1ap (dang phuong trinh 2.4 chi c¢6 bién
dudng kinh) cho sai s6 cao hon va muc do phu
hop thap. Két qua nay cho thay rang viéc két
hop ddng thoi hai bién doc lap (D1 , va Hvn)
giup ting dang ké do chinh xac ciia mo hinh,
phu hop v6i nhan dinh trude day cua Bao Huy
(2016) va Zhang (1997) vé vai trd quan trong
ctia chiéu cao trong mo hinh thé tich. Theo Bao
Huy (2016), trong so sanh cdc mo hinh cung
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bién y, chi tiéu AIC va cac sai s6 c6 tam quan
trong hon khi danh gia so v&i hé sé xac dinh
R2. C6 truong hop ham duoc lva chon dua vao
AIC bé hon cho dui R2 ciia n6 ¢6 thé bé hon ham
so sanh; bdi vi AIC phan anh toan dién d¢ tin
cdy cua gia tri udc luong so vdi quan sat. Do
vay khi danh gia va lya chon mo hinh, can thiét
phai xem xét dén cac chi tiéu khac nhu AIC va
céc sai s6 mé hinh.

So sanh dang ham 2.1 va 2.5 cho thiy chi
sé R2adj cua ham 2.5 hoi cao hon mét chut
so voi dang ham 2.1, tuy nhién céc chi tiéu
nhu AIC, Bias%, RMSE%, MAPE% déu thap
hon. Cén c@r theo tiéu chuédn lya chon ham tbi
uu, ching t6i chon dang ham 2.1 dé thiét lap
phuong trinh thé tich than cdy cho ca ba loai
cay nghién ctru.

Phuong phap tham dinh chéo Monte Carlo
cho phép sir dung dir liéu ngiu nhién dé lap
va tinh sai s6 ctia mé hinh rat khach quan. Cac
phan mém théng ké chuyén nghiép nhu SPSS,
Statgraphics, Sata... chi cung cip cac sai sb cua
mo hinh so voi dir li€u 1ap mo hinh ma lai khong
cung cép cong cu dé tinh toan sai sb theo phuong
phap tham dinh chéo, trong khi d6, phan mém R
14 co hi tét cho viéc 4p dung thdm dinh chéo cac
mo hinh mot cach linh hoat. Vi s6 1an lap R du
16n thi hau nhu tat ca cac dir liéu déu c6 thé tham
gia 1ap va danh gia mo hinh. Pong th01 phan b
cac chi tiéu thong ké va cac sai so s€ tiém can
chuan véi sai s6 trung binh va on dinh. Zhang
(1997) da dé xuét s6 lan lap 1a R = 500 1an. Bao
Huy (2016) khi x4y dyng mé hinh sinh khi cay
rimg da thir nghiém phwong phap tham dinh chéo
Monte Carlo véi sb 1an 1ap thay déi tr 50, 100,
150, 200 va 500 1an. Két qua cho thay, véi R = 50
lan tré 1én thi cac chi tiéu thong ké ctia md hinh

(AIC, R?, ) va céc sai s6 Bias, RMSE va MAPE
da on dlnh khong c6 su khac biét khi R ting dén
500 lan. Tuy nhién, xét thém phan b cta Bias
thi, vdi R = 50 va 100 phan bd ¢6 nhiéu dinh, khi
R > 200 lan, dang phan bd cua Bias di tiém can
chuén. Vi vay tac gia da két luan sir dung thim
dinh chéo Monte Carlo véi R =200 lan 1 hop 1.

Phuong phap tham dinh sai s6 truyén thng co
han ché 16n 1a sai sé duoc xac dinh mot 1an cho
bd dir licu doc lap nhét dinh, vi vay sai sb ¢co thé
khac di néu ap dung theo mot bo dir liéu doc lap
khac, do d6 né thuong khong cung cép chinh xac
sai s6 trong moi truong hop tng dung. Néu ap
dung phuong phap truyén thong dé xac dinh cac
loai sai s0, cdc gia tri sai s0 co thé bé hon hoic
16n hon gié tri trung binh rt nhiéu va do vy sé&
anh hudng dén viéc lua chon phwong trinh tdi wu.
Phuong phép thim dinh chéo Monte Carlo véi
s6 1an 13p du 16n trén day s& khac phuc dugc han
ché nay.
3.2. Két qud xdy dung phwong trinh thé tich toi
wu

Sau khi x4c dinh dang phuong trinh t6i uu, dé
t6i wu hoa viée sir dung dir lidu, toan bd bo sd licu
duogc st dung dé uéc luong tham sb. Pay 1a wu
diém cua phuong phap tham dinh chéo, boi ngudn
dir lidu dung trong nghién ctru nay han ché vi viéc
thu thap rat kho khan va gid thanh cao. Su dung
phuong phap phi tuyen binh phuong tdi thiéu dé
udc lugng cac tham s6 va cac chi tiéu thong keé, sai
s6 ctia mo hinh thé tich ddi voi cac loai cay nghién
ctru duoc trinh bay trong bang 3. Tat ca cac tham
s6 déu co ¥ nghia thong ké cao (p <0 ,001). Viée
sir dung toan bo dir liéu gitp cai thién hé s6 R?adj
va giam céc sai s6 so v6i khi chi sir dung mot phan
dir liéu dé 1ap mo hinh cho thay d6 chinh xac ciia
mo hinh tang 1én.

Bang 2. Két qua xdy dung phwong trinh thé tich t6i vu

Tham s6
Loai cay b R?, . AIC Bias% RMSE%  MAPE%
a
Chiéu lieu  0,6282 0,7671 0,974 6,326 -5,459 29,504 21,893
Dau ddng 0,6301  0,6769 0,969 -4,347 -7,287 30,037 18,391
Dau tra beng  0,7507  0,6318 0,951 15,776 -4,677 34,167 24,319

Phuong trinh thé tich t&i wu cua ba loai cay nghién ctru cu thé:

- Loai Chiéu liéu: Veay = 0,6282 x (D, > x H)*™"
- Loai Dau déng: Vedy = 0,6301 x (D> x H)%6®
- Loai Dau tra beng: Vcay =0,7507 x (D,,>x H)*'¢

27



Tap 19 » S6 5-2025, Tap chi Khoa hoc Tay Nguyén

A
) — %) ©
E
T 5 ° .
g - - 8 <
—= 0 %t >
~O o _‘ﬁ—”u_'- o m
2 . “ x%
g N g o™ *
o = - ?
@
<@ E o
I — l
o 1 2 3 2 4
Thé tich cay dikng (m3) Thé tich cay thuc té (m3)

Hinh 1. D6 thi thé hién sai s6 loai Chiéu liéu

A: Sai 56 theo gia tri thé tich du dodn; B: Quan hé giita thé tich cdy dw doan va thuc té
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Hinh 2. P thi thé hién sai s6 loai Diu dong

A: Sai s6 theo gia tri thé tich du dodn; B: Quan hé giita thé tich du dodn va thuc 16
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Hinh 3. D6 thi thé hién sai s6 loai Diu tra beng
A: Sai 56 theo gia tri thé tich du dodn; B: Quan hé giita thé tich du dodn va thuc té
Dé danh gia do chinh xac ciia cac mo hinh néi  ciia mé hinh.
trén, ngoé}i viéc danh gia cac chi tiéu R?, AIC va Céc hinh 1A, 2A va 3A thé hién bién dong sai
cac sai sO Bias%, RMSE% va MAPE% nhu dd  ¢§ (Residuals) theo cac gia tri du doan thé tich qua
trinh bay ¢ trén, can xem x¢ét do tin cdy, sai s0, d0 ;g hinh cua loai cy theo thi tu 1a loai Chiéu liéu,
bam sat cuia gia tri quan sat so voi gia tri du doan  piy dong va Dau tra beng.
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Két qua trén d thi cho thay, Biéu dd phan b
sai s6 cho thdy phan du ctia mé hinh phan b déu
quanh truc 0, khong xut hién xu hudng léch, dong
thoi dao dong chu yéu trong khoang tir 0,5 dén
+0.5. Diéu nay ching td mo hinh khong bi hién
tuong chéch hé théng va ¢6 tinh 6n dinh cao.

Quan h¢ gitra gia tri thé tich du doan va thyc té
duoc thé hién & cac hinh 1B, 2B va 3B cling cho
thiy cac diém dit liéu phan bd sat duong 1:1, phan
anh do khop rét tot gitra moé hinh va thue té. Pay
1a co s& quan trong khang dinh tinh chinh x4c va
kha ning tmg dung ctia cac phuwong trinh thé tich
da xay dung.

Két qua nghién ctru phi hop voi nhiéu cong
trinh trong va ngoai nudc vé mé hinh thé tich cay
dung, khi chiéu cao dugc bd sung nhu bién giai
thich da 1am tang dang ké kha ning dy bao (Zhang,
1997; Temesgen et al., 2014). Phuong phéap tham
dinh chéo Monte Carlo cho phép khai thac hi¢u
qua bo dir liéu han ché, dong thoi cung cap danh
gia khach quan va 6n dinh vé sai s6 mo hinh. Pay
1a mot loi thé 13 rét so v6i cac phuong phap kiém
dinh truyén théng von chi dua trén mot tap dir licu
doc 1ap duy nht.

4. KET LUAN

Nghién ctru da thiét 1ap thanh cong phuong
trinh thé tich cdy dung t6i wu cho ba loai cay
g0 wu thé trong rimg khop ¢ tinh Pik Lik, gom
Chiéu lidu (Terminalia corticosa Pierre), Diu
ddng (Dipterocarpus tuberculatus Roxb) va Diu
tra beng (Dipterocarpus obtusifolius Teijsm. e.
Miq). Thong qua viéc ap dung phuong phap tham
dinh chéo Monte Carlo vé&i 200 lan lap, qua trinh
lra chon mé hinh duoc tién hanh mot cach khach
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quan, dam bao giam thiéu sai sé va ting cudng do
tin cdy so voi cac phuong phap danh gia truyén
thong.

Két qua cho thiy dang phuong trinh V = a x
(D, ,?> x H)* dat do chinh xac cao nhat d6i véi ca
ba loal nghién ctru. Cac chi tiéu thong ké quan
trong nhu hé s6 xac dinh hiéu chinh (R?adj) déu
trén 0,96, gia tri AIC, ciing v6i cac chi tidu sai sd
(Bias%, RMSE%, MAPE%) ¢ mirc thap. Pdng
thoi, phan bd sai sb 6n dinh quanh gia tri trung
binh va quan hé chat ché gilra gia tri du doan va
quan sat khéng dinh sy phu hop ctia mo hinh. Viéc
két hop dong thoi dudng kinh ngang nguc (D, va
chiéu cao vat ngon (Hvn) da nang cao dang ke kha
nang du bio, dong thoi cung c¢b nhan dinh ring cin
xem xét toan dién cac chi tiéu thong ké thay vi chi
dua vao hé sd R2.

Céac phuong trinh thé tich dwuoc xay dung tir
nghién ctru nay la cdng cu khoa hoc dang tin cay,
c6 thé ung dung hiéu qua trong cong tac diu tra,
quy hoach va quan 1y rimg khop tai BPik Lik. Viéc
xac dinh chinh xac thé tich cay dung s& gop phan
nang cao chét luong diéu tra trit luong gS, phuc vu
quan 1y rimg bén viing ¢ dia phuong.

Két qua nghién ctru khang dinh wu thé cua
phuong phap tham dinh chéo Monte Carlo trong
xdy dung m6 hinh thé tich cay dung so voi cach
tlep can truyén thong, khi vira tan dung tét ngudn
sO liéu hién c6 vira cung cip danh gia khach quan,
6n dinh vé sai s6. Can co cac nghién ctru tiép theo
tmg dung phuong phap thim dinh chéo dé xay
dung hé thong mo hinh thé tich cho céc loai cay
uu thé khac cua rimg khop, phuc vu quan 1y rimg.
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ABSTRACT

The main objective of this study was to develop optimal standing volume equations for three domi-
nant tree species in dry deciduous forests of Dak Lak province, including Terminalia corticosa Pierre,
Dipterocarpus tuberculatus Roxb, and Dipterocarpus obtusifolius Teijsm. e. Miq. Data were collected
from 156 stem analysis trees belonging to dipterocarp forests in Dak Lak province. The Monte Carlo
cross-validation method with 200 iterations was applied, allowing objective and stable evaluation and
selection of the optimal model. Five commonly used volume equation forms were tested and compared
based on adjusted coefficient of determination (R?adj), Akaike Information Criterion (AIC), Bias%,
RMSE%, and MAPE%. The results showed that the equation form V = a x (D1.3? x H)"b provided
the highest accuracy for all three studied species. Parameters of the optimal equations were estimated
from the entire dataset, with R%adj > 0.96, residuals evenly distributed around the predicted values, and
a close agreement between observed and predicted tree volumes. The findings of this study confirm
the effectiveness of the Monte Carlo cross-validation method under conditions of limited data, while
simultaneously providing reliable tools for forest inventory and management of dipterocarp forests in
Dak Lak province.

Keywords: volume equation, dipterocarp forest, Monte Carlo cross-validation, modeling.
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