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TOM TAT

Mb hinh hoa phan b tan suat duong kinh va chiéu cao 1a nén tang khoa hoc quan trong trong phan
tich cau tric 1am phan va quan 1y rimg bén vimg. Nghién ciru ndy nham xac dinh ham phan phéi Xac
suat toi uu dé mo phong phan bé sb cay theo duong kinh (N/D) va theo chiéu cao (N/H) cua rimg trong
Keo tai tuong theo hai dinh huéng kinh doanh g6 nho6 va go 16n tai tinh Tuyén Quang, dua trén dir liu
thu thap tir 15 6 tiéu chuan dai dién cho cac cap tudi 6 - 11 nam. Mudi hai ham phan phdi x4c suat, bao
gdm céc phan phéi c6 dién va cac phan phdi linh hoat trong khung mé hinh GAMLSS, dugc danh gia
thong qua phwong phap wdc lwong hop 1y t6i da (MLE) két hop voi cac kiém dinh Kolmogorov-
Smirnov va Anderson-Darling. Két qua cho thay, cac ham phan phéi linh hoat thugc ho Box-Cox, dic
biét 1a Box-Cox Power Exponential (BCPE), thé hién muc do phu hop va tinh on dinh vuot troi trong
mo phong ca phan bd N/D va N/H & hau hét cac do tudi 1am phan. Phan phéi BCPE mé phong hiéu
quéa cac phan bd c¢6 do 1éch va dudi dai ¢ giai doan rimg gd nho, dong thoi duy tri wu thé khi céu trac
1am phén 6n dinh hon trong giai doan rimg gd 16n. Nguoc lai, cac phan phdi truyén thong nhu Weibull
va Gamma chi dat mirc phu hop trung binh, trong khi phén phdi Exponential khong phu hop trong tat
ca cac truong hop. Nhing két qua nay cung cip co so khoa hoc tin cdy cho du bdo sinh truong va hd
trg quan 1y rimg trong keo tai twong theo hudng kinh doanh gd 16n va phat trién bén vimg.

Tir khéa: Phdn b6 N-D, phin bé N-H, keo tai tiwgng, ham phdn phéi xdc sudt, GAMLSS, quan 1y riemg

bén viing.

1. BAT VAN BE

Rung tr(‘3ng keo hién chiém trén 2,2 triéu ha,
tuong duong khoang 60% dién tich ring trong
san xudt ¢ Viét Nam, trong do keo tai tugng
(Acacia mangium) 1la mdt trong nhitng loai chu
Iyc nho sinh treong nhanh, bién d6 sinh thai rong
va chit lugng gd twong dbi tt. Tuy nhién, phan
16n dién tich rimg keo van dang duge kinh doanh
theo chu ky ngén (4 - 6 nam), chu yéu phuc vu
san xudt dam gd, gidy va van boc, véi gi tri gia
tang thap [1]. Trong khi d6, cic md hinh san xuat
g0 16n dugc chu'ng minh c6 thé 1am ting dang ké
trir luong va gia tri thuong pham én2-3 lan [2].
Trong b01 canh nhu cau vé go x¢, g0 chét luong
cao va gb co chung chi bén viing (FSC) ngay
cang gia tang, viéc chuyén hoa rimg trong gd nho

sang rung g0 16n duoc xem 1a mot hudng di tat
yéu nhiam ning cao hiéu qua kinh té va tinh bén
viing ciia san xuat 1am nghiép.

Dé quén 1y, quy hoach va phat trién rung trong
theo hudng hidu qua va bén vimng, viéc hiéu 10 cau
trac 1am phan, dic biét 1a quy luat phan b sb cay
theo duong kinh va chiéu cao, c6 y nghia quan
trong trong du bao sinh truéng, xac dinh ché do
nuodi dudng va dinh huéng kinh doanh rimg gb
16n. Phan b sb cdy theo dudng kinh va chidu cao
khoéng chi phan anh trang thai sinh trudng ctua lam
phan ma con 13 co s khoa hoc cho viéc xay dung
cac mo hinh tang truong, du bao san lugng va dé
xudt cac giai phap k¥ thuat 1am sinh phu hop.

Trén thé gii va tai Viét Nam, nhiéu nghién
ctru da sir dung cac ham phén phdi xac suat nhu:
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Normal, Lognormal, Gamma, Weibull va cac ho
phan phdi linh hoat khac dé moé ta cau truc rimg
va du bio dong thai lam phan Cac nghién ctru
dugc thuc hién trén nhiéu dbi twong rimg trong
khac nhau nhu rung keo tai tugng & tinh Hoa
Binh trude day [3], khu vuc Ba Vi [4], tinh Tuyén
Quang [5], rimg keo 14 tram & ving cat ven bién
tinh Quang Binh truéc day [6], ring neem
(Azadirachta indica) tai Ghana [7], rung thong &
Trung Qudc [8], rimg sdi & Iran [9] va rimg keo
14 tram tai Bangladesh [10]... Tuy nhién, céac
nghién ctru vé mo hinh hoa phan bd sb cay déi
v6i rimg trdng keo tai twong kinh doanh gb nho
va g5 16n, d3c biét tai khu vuc mién nai phia Bic
van con han ché. Bén canh do, phﬁn I6n cac
nghién ctru trudc ddy moi chi tap trung vao mot
s6 ham phan phéi truyén thdng, trong khi viéc
danh gia va so sanh mdt cach hé théng cac ho
phan phdi linh hoat nhiéu tham sé van chua dugc
quan tam day du.

Xuat phat tir khoang tréng nghién cuu trén,
nghién ctru ndy ap dung ddng thoi 12 ham phan
phéi x4c suit gom: Normal (NO), Lognormal
(LOGNO), Gamma (GA), Exponential (EXP),
Weibull  (WEI), Sinh-Arcsinh  (SHASH),
Johnson's SB (JSB), Inverse Gaussian (IG), Box—
Cox Cole and Green (BCCG), Box-Cox Cole and
Green original (BCCGo), Box—Cox Power
Exponential (BCPE) va Box-Cox t (BCT) nham
md hinh héa quy ludt phan bd sé cay theo duong
kinh va chiéu cao cua rimg trong keo tai tugng
kinh doanh gd nho va gd lén tai tinh Tuyén
Quang. Céc tham sb ciia mé hinh dwoc wdc luong
bang phuong phap hop 1y t6i da, dong thoi mirc do
pht hop cua cac ham phan phéi dugc danh gia
thong qua cac kiém dinh Kolmogorov-Smirnov va
Anderson-Darling. Két qua nghién ctru khong chi
cho phép danh gia mot cach h¢ thong hiéu qua ctia
cac ham phan ph01 truyén thong va cac ho phan
phéi linh hoat nhiéu tham sb ma con gop phan lya
chon dugc md hinh phu hop nhat cho tirng chi ti€u
céu tric 1am phén, qua d6 cung cép co s6 khoa hoc
cho quan ly, thdm canh va phat trién rimg trong
keo theo hudng hiéu qua va bén viing.

2. PHUDNG PHAP NGHIEN CUU
2.1. Khu vuc nghién ctru

Nghién ctru dwoc tién hanh tai cic 1dm phan
keo tai tugng (4Acacia mangium Willd.) tr 6 - 11

nim tudi thuéc ba Coéng ty TNHH Lam nghiép
(CTLN) Yén Son, CTLN Son Duong, CTLN
Ham Yén, nay thudc tinh Tuyén Quang. Khu vuc
nghién ctru chu yéu trén dia hinh nui thap, d6 cao
300 - 700 m, gom céac diy nui thap xen k& doi;
trén nhom dat do vang (chiém 67,8% dién tich tur
nhién cia tinh), gdbm 3 loai: Dat d6 nau trén da
voi, dat o vang trén da sét va da bién chat, dat do
vang; phan b tai cac huyén trudc day: Ham Yén,
Yén Son, Son Duong va phin phia Nam huyén
Chiém Hoéa nay thudc tinh Tuyén Quang. Thudc
vung khi hdu nhié¢t déi gié mua dac trung, mua
mua tir thang 5 - 10 va mua kho tir thang 11 dén
thang 4 nam sau [11]. Trong giai doan 5 nam gan
day, lugng mua trung binh ndm 1.256 - 1.661
mm, trung binh 1.488 mm, véi khoang 150 ngay
mua/nam. Lugng mua mua mua 994 - 1.444 mm,
chiém 73,2 - 85,5% téng luong mua cd nam.
Nhiét d trung binh nam 23,2 - 23,8°C, trong d6
thang 1 ¢6 nhiét 6 thip nhat, con cac thang 6 - 8
1a giai doan nong nhét trong nam [11].
2.2. Phuong phap nghién ciru, ky thuét sir dung
2.2.1. Diéu tra trén 6 tiéu chudn

Cac 1am phan keo tai tuong dugc lua chon
trong nghién ctru déu gay trong va quan 1y theo
“Quy trinh tam thO’l k¥ thuat tréng rimg cung cap
nguyén liéu gidy” do Téng Coéng ty Gidy Viét
Nam (VINAPACO) ban hanh. Tai moi lam phan
cac 6 tiéu chuin (OTC) tam thoi duogc thiét 1ap
theo phwong phip chon miu ngiu nhién phan
tang khong theo ty 1& [12], nham dam bao tinh dai
dién cho cdc mé hinh va cap tubi khac nhau.
Nghién ctru bb tri tong 8 mo hinh trong rumg,
bao gom: (i) 5 m6 hinh rung trong chua chuyén
hoa (rimg go nho) ¢ hai cap tudi 6 va 7 nam va
(ii) 3 m6 hinh rimg trong di chuyén hoa (rimg gb
16m) & ba cp tudi 9, 10 va 11 nam. Mdi OTC co
dién tich 500 m2 (20 x 25 m). Tong cong c6 15
OTC duoc thiét 1ap va diéu tra. Cu thé, cac md
hinh rimg trong chwa chuyén hoa gdbm: M6 hinh 1
(MH1: 2 6 tudi 6, thuoc CTLN Ham Yén), MH2
(1 6 tudi 6, CTLN Son Duwong), MH3 (3 6 tudi 6,
CTLN Yén Son), MH4 (1 6 tudi 7, CTLN Ham
Yén) va MH5 (3 6 tudi 7, CTLN Yén Son). Cac
mb hinh rimg tréng da chuyén héa gom: MH6 (2
6 tudi 9, CTLN Yén Son), MH7 (2 6 tudi 10,
CTLN Yén Son) va MHS (1 6 tubi 11, CTLN
Son Duong).
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Trong mdi OTC, toan bd cay keo tai tugng
duoc do dém chi tiéu sinh truéng co ban, bao
goém: Puong kinh ngang nguc (D; 3 cm), duge do
thong qua chu vi tai vi tri 1,3 m tinh tr mat dat
béng thudc day, véi do chinh xac 0,1 cm; chiéu
cao vut ngon (Hyy, m), xac dinh tu géc dén dinh
sinh truéng cia than chinh bang thudc Blume—
Leiss, voi do chinh xac 0,1 m.

2.2.2. Phwong phap xit Iy s6 liéu

Pé mo hinh hoa quy luat phan bd sb cay theo
duong kinh (N/D) va theo chiéu cao (N/H) cua
céc 1am phan keo tai tuong, nghién ctu sir dung
12 ham phan phéi xac suat thuéc nhoém phan phdi

¢ dién va phan phdi linh hoat trong khung mo
hinh GAMLSS. Céc phan phéi duoc sir dung bao

gdm: Normal (NO), Lognormal (LOGNO),
Gamma (GA), Exponential (EXP), Weibull
(WEID), Sinh-Arcsinh (SHASH), Johnson’s SB
(JSB), Inverse Gaussian (IG), Box-Cox Cole and
Green (BCCG), Box—Cox Cole and Green
original (BCCGo), Box-Cox Power Exponential
(BCPE) va Box-Cox ¢ (BCT).

Viéc str dung dong thoi cac phan phdi co mirc
d6 linh hoat khac nhau cho phép danh gia toan
dién kha niang mo ta hinh dang phan bd cua dir
liu thuc nghiém, bao gdm cac dic trung vé do
léch, d6 nhon va do bat ddi xtng, tir d6 lya chon
ham phén phdi phit hop nhét cho timg mé hinh va
cap tudi nghién ciru.

Bang 1. Him phan phdi xéc suit dwoc ap dung cho cic trang thai rirng tw nhién

Ham phan phbi A .
g Cong thuc
xac suat
Normal (NO) f(x) = —= el %23 [13] (1)
Lognormal (LOGNO) | f(x) = ‘71: el~rx%/252] [14] (2)
Gamma (GA) f(x) = e ™% [15] 3)
Exponential (EXP) f(x) =272 [16] 4)
Weibull (WEI) fx) = e xle ™™ % 117] (5)
5 ) 5 (1 z -
Johnson’s Sg (JSB) f(x) = L €XP (I—?(\'*SI!Y(:)) ) [18] (6)
Sinh-Arcsinh L 5 | 14%°
(SHASH) *f-‘)—:\;ﬂ.l_c E‘-\P(—-S ) [19] (7)
1;
. l i
Inverse Gaussian (IG) | f(x) = (211@.1‘5 ) e'(p( ) [20] 3
yv—1 2 (y/p)¥ =1
Box-Cox Cole and f(y|lpav) = E 7 exp(—2), z=—_— [21] ©)
Green (BCCQG)
Box-Cox Cole and : N1 oy = _ "1
Green original toinev) =72 o exp(=3).2 o [21,22] (10)
(BCCGo)
Box-Cox Power ' Y irew [“’ r] (1
Exponential (BCPE) vl o,v.7) = ﬁ [22]
Box-Cox t (BCT) f(yvlpovr)= :_% (14 (1/1)z2]""*V/2 [22] | (12)
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Céac tham sb cua timg ham phéan phdi duoc
woc lugng bang phuong phap wde lugng hop 1y
t6i da (Maximum Likelihood Estimation - MLE).
Mirc @6 phut hop caa cic mé hinh phan phdi dugc
danh gia thong qua su két hop giira tiéu chi
Akaike Information Criterion (AIC) va cac kiém
dinh d6 pht hop phan phdi. Trong d6, md hinh c6
gia tri AIC nhé nhét duoc xem 13 md hinh t6i wu,
v6i AIC dugc xac dinh theo cong thure [23]:

AIC = Residual Deviance + 2x

Trong d6: x la s6 tham s cia mo hinh.

(13)

Bén canh ti€u chi AIC, sy khac biét gilra
phan phdi 1y thuyét va phan phdi thyc nghiém
dugc kiém dinh bang hai tiéu chuan thng ké phi
tham sd, bao gdm Kolmogorov-Smirnov (K-S) va
Anderson-Darling (A-D).

Kiém dinh Kolmogorov -Smirnov [24], [23]
duoc xac dinh thong qua gia tri thong ké:

Dy, = Supx|[F(x;) — Fo(xi)| (14)
1
Do = - lnz(nia) (15)

Trong d6: Supx = gid tri can trén dung cua
bién x (D, H); n la ¢& mau; F(x;) 1a ham phan
phdi tan suat tich liy thuc nghiém cua cac quan
sat cho cac 601 twong x; (1= 1, 2, 3,... n); Fo(xi) la
Xac suat cla tn suét tich liiy ly thuyet udc tinh.

Kiém dinh Anderson - Darling [25, 26], [23]
duoc xac dinh thong qua cong thirc:

AD =-n-S§

a (i 1) T
h—z . [lnF\_ In(1 - F(x,u50))] (16)

Ngoal ra, dé kiém dinh mirc d6 phu hop tong
thé giita phan ph01 ly thuyét va dir li€u quan sat,
nghién ctu con ap dung kiém dinh khi binh
phuong (Chi-squared test, y*), v6i gia thuyét Hy:
“Dir liéu tuan theo phan phdi gia dinh”. Muc y
nghia dugc Iya chon 1a a = 0,05. Gia thuyét Hy bi
bac bd khi P-value < 0,05; nguoc lai, P-value >
0,05, m6 hinh dugc xem 12‘1 phu hop voi dir liéu
quan sat.

Gia tri théng ké khi binh phwong () [27],
[23], dugc xac dinh theo cong thirc:

Xz = EL(O-. —E)?/E (17)

Trong d6: O; 1a tan suét quan sat thyc nghiém
cta phan phdi the i; E; 1a tin suét 1y thuyét udc
tinh cua phan phdi thu i.

Cac ham phéan phdi thoa min dong thoi tiéu

chi AIC va cac kiém dinh d6 phu hop dugc xép
hang dua trén gia tri théng ké D cua kiém dinh
(K- S) va A cua kiém dinh (A-D) nham lya chon
mé hinh t6i uu.

Toan b dir liéu diéu tra duoc tong hop va xir
1y trén moi truong R [23], [28]. Cac géi mo rong
dugc sir dung trong nghién ctru bao gém ggplot2
va gridExtra cho tryc quan héa di li€u, nortest
cho cac kiém dinh phan phéi va gamlss cho udc
luong tham s6 va md hinh hoa phan phéi xac suat
linh hoat.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Théng ké mé ta bién dwong kinh va
chiéu cao cic md hinh trong rig keo tai
twong san xuit gé nho va gé 16m

Két qua thong ké mé ta (Bang 1) cho thay,
cic dic trung mau cia duong kinh (D;3) va
chidu cao viit ngon (Hyy) khac biét rd rét giita
md hinh san xudt gb nhé va gd lon. O céc 1am
phan gd nho (6 - 7 nim tudi), duong kinh va
chiéu cao trung binh chi dat lan luot 12,52 -
13,79 cm va 14,07 - 15,31 m, véi d6 1éch chuan
(SD) tuong ddi cao, 1§n luot 12 2,74 - 2,88 cm vé
duong kinh; 2,53 - 2,89 m vé chiéu cao va phan
bd léch trai nhe do mat do day va canh tranh
manh. Nguoc lai, m6é hinh gb lén (9 - 11 nim
tudi) dudng kinh trung binh dat 14,50 - 16,20 cm
va chiéu cao 15,04 - 17,02 m, déng thoi c6 murc
phan tan thip hon (SD: 2,38 - 2,69 cm va 2,26 -
2,55 m), phan b can bang hon khi gia trj trung
binh, trung vi va mode tiém can nhau. Két qua
cho thiy, thoi gian sinh truong kéo dai két hop
tia thua da cai thién dang ké sinh truong va tinh
dong déu cuia 1am phan.

Két qua théng ké mo ta cho théy, su khac biét
16 vé cau triic 14am phan giita hai mé hinh gd nho
va gd 16n. M6 hinh gb nhoé c¢6 mirc bién dong kich
thudc cdy 16n hon, voi hé s6 bién thién (CV) caa
duong kinh tir 13,3 - 23,2% va chiéu cao tir 13,2 -
19,8%. Nguoc lai, m6 hinh gs 16n c6 muc bién
dong thip va ddng déu hon, v6i CV chi tir 4,6 -
7,4% vé duong kinh va 4,7 - 5,8% vé chiéu cao.
Diéu nay cho thay, 1am phan gd 16n c6 cdu trac
6n dinh, phan b6 gan chuan hon, trong khi lam
phan gd nho c¢6 phan bd phan tan va kém dong
déu. Pay 1a co s¢ dé Iya chon ham phan bd phu
hop trong mé hinh héa ciu triic 1am phan va danh
gia hiéu qua kinh doanh cua hai m6 hinh.
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Bang 1. Théng ké mé ta dic trung miu bién dwong kinh va chiéu cao 1am phian keo tai tuong

san xuit gb nhé va gé lén

Mohinh | Tubi | Chitiew | |1 | Saisé | "€ | Mode | St | Phuong | DO - DO

inh Vi chuan | saimau | nhon léch
6 Dy (cm) | 12,70 | 0,522 | 9,10 | 14,00 | 2,760 7,620 | -1,170 | -0,253
MH]1 Hyy (m) | 14,07 | 0,544 | 9,00 | 15,00 | 2,879 8,291 -1,045 | -0,358
6 Dy;(cm) | 13,15 | 0,346 | 9,90 | 14,00 | 2,677 7,164 | -0,938 | -0,440
Hyn (m) | 14,52 | 0,372 | 10,00 | 17,00 | 2,885 8,322 -0,762 | -0,491
M 6 D;;(cm) | 13,56 | 0,231 | 10,70 | 14,70 | 2,740 7,509 | -0,806 | -0,296
Hyy (m) | 1497 | 0,229 | 13,00 | 17,00 | 2,723 7,413 -0,281 | -0,517
6 Dy;(cm) | 1391 | 0,134 | 11,70 | 12,50 | 2,406 5,790 | -0,441 | -0,255
Mo Hyny (m) | 1543 | 0,142 | 14,00 | 17,00 | 2,535 6,428 -0,137 | -0,438
hinh MH3 6 D;3(cm) | 13,86 | 0,126 | 11,90 | 15,00 | 2431 5,909 | -0,429 | -0,283
san Hyny (m) | 1541 | 0,133 | 14,00 | 17,00 | 2,569 6,597 -0,190 | -0,446
xuat 6 Dy;(cm) | 13,86 | 0,116 | 11,90 | 15,00 | 2,366 5,598 -0,357 | -0,258
g0 Hyn (m) | 1540 | 0,124 | 14,00 | 17,00 | 2,527 6,385 -0,164 | -0,424
nhoé MH4 7 D;;(cm) | 13,62 | 0,317 | 10,70 | 15,50 | 2,989 8,935 -0,907 | -0,366
Hyn (m) | 14,82 | 0,307 | 13,00 | 17,00 | 2,898 8,399 | -0,293 | -0,605
7 D;3(cm) | 13,76 | 0,193 | 11,70 | 12,50 | 2,609 6,807 -0,569 | -0,329
Hyy (m) | 15,19 | 0,196 | 14,00 | 17,00 | 2,656 7,057 -0,175 | -0,502
MHS 7 D;3(cm) | 13,76 | 0,159 | 11,70 | 12,50 | 2431 5,908 -0,370 | -0,286
Hyy (m) | 1525 | 0,163 | 14,00 | 17,00 | 2,493 6,213 0,024 | -0,485
7 D;;(cm) | 14,07 | 0,145 | 11,70 | 12,50 | 2,430 5,905 -0,300 | -0,366
Hyy (m) | 15,61 | 0,152 | 14,00 | 17,00 | 2,534 6,419 0,030 | -0,517
9 Doy (cm) | 14,04 | 0,111 | 11,90 | 15,00 | 2,364 5,591 -0,358 | -0,362
MLI6 Hyy (m) | 15,60 | 0,119 | 14,00 | 17,00 | 2,536 6,434 | -0,154 | -0,511
Mbd 9 D;;(cm) | 14,22 | 0,109 | 11,90 | 15,00 | 2,399 5,757 -0,386 | -0,421
hinh Hyny (m) | 15,74 | 0,114 | 14,00 | 17,00 | 2,515 6,324 | -0,077 | -0,607
san 10 D;s(cm) | 14,34 | 0,104 | 11,90 | 15,00 | 2,364 5,591 -0,286 | -0,512
xuiit MH7 Hyn (m) | 15,85 | 0,108 | 14,00 | 17,00 | 2,468 6,089 0,075 | -0,696
g0 10 D;;(cm) | 14,53 | 0,103 | 12,10 | 15,00 | 2,426 5,887 -0,304 | -0,512
16n Hyn (m) | 16,02 | 0,106 | 14,00 | 17,00 | 2,493 6,217 0,086 | -0,735
MHES | 11 D;;(cm) | 14,74 | 0,105 | 12,50 | 15,00 | 2,534 6,423 -0,328 | -0,436
Hyy (m) | 16,20 | 0,106 | 1420 | 17,00 | 2,556 6,535 0,075 | -0,696

Ghi chii: Mode la tri s6 g voi tan sé phdn bé tdp trung nhat.

3.2. M hinh phén phdi xdc xuit cia N/D
va N/H cic md hinh trong rimg keo tai twong
sdn xuit g nhé va gb lom

Két qua kiém dinh mtc d6 phu hop cua 12
ham phéan phdi xac sut véi phan bé N/D rimg
trong keo tai tuong tai tinh Tuyén Quang cho
théy, gia tri AIC c6 su khéc biét 16 rét gilra cac
ham phan phéi va gitra hai mé hinh (Bang 2).
Nhin chung, cdc phan phdi thuéc nhém
GAMLSS, dac bi¢t la BCPE va BCCG/BCCGo,
cho gia tri AIC thap nhat hodc gan thip nhit &
hau hét cac mé hinh, phan 4nh muc d6 phu hop
cao. Nguoc lai, phan phéi EXP luén cho gi tri
AIC 16n nhat, cho thiy kém phu hop dé mé
phong céu trac N/D ctia rimng keo tai tuong.

O md hinh san xuit gb nho (6 - 7 nim tudi),
phén phéi BCPE lién tuc cho gia tri AIC thap nhét,

phtt hop hon so véi cac phan phdi truyén théng nhur
NO, LOGNO, GA va WEI Két qua nay cho thiy,
BCPE mo phong t6t phan bd N/D 1éch phai va co
dudi dai, dic trung cta 1dm phan giai doan dau khi
canh tranh sinh trudéng con manh. Dbi véi mod hinh
20 16n (9 - 11 nam tudi), chénh 1énh AIC giita cac
ham phan phdi giam dan do cdu tric 1am phan 6n
dinh hon sau tia thua. Mic di phan phbi Weibull va
Gamma cho két qua kha tot, BCPE van duy tri mirc
AIC thap nhét hoc gan thap nhat, dic biét ¢ tubi 10
- 11, phan anh kha ning mé phong tt tinh bat d6i
ximg con ton tai trong phan bd N/D (Bang 2). Nhin
chung, theo tiéu chi AIC, xu huéng xép hang mirc
do phu hop 1a BCPE =~ BCCG/BCCGo > SHASH >
WEI = GA > NO/LOGNO >> EXP. Do d6, BCPE
14 ham phan phéi phii hop nhéat dé mé phong phén
b6 N/D cho rimg trong keo tai tugng & ca mo hinh
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b nho va gd 16n, sy pht hop cia BCPE mang tinh  giai doan chuyén hoa g 16n (10 - 11 nam tudi).

nhét quan theo do tudi 1am phﬁn, dac biét 16 rét & Ngoai ra, WEI va GA 1a cac lya chon thay thé phu

giai doan chua 6n dinh ciu trac (6 - 7 ndm tudi) va  hop khi can mé hinh don gian.

Biang 2. Kiém tra quy luit phan bé N/D theo cac ham phan phéi cho cic mé hinh trong rirng keo
tai twong san xuét gb nhoé va gd 16n

Tudi Cac ham phan phoi
Libh Lm | xo | 1oGNO | EXP GaA WEI | SHASH | JSU 16 BCCG | BCCGo | BCPE BCT
phan
mel312 | nuel250 meEl267 | nuel224
me270 |22 | me2st | me26) | sgman3s | sgua-ll? el |2, |sema=159 |sgmanito
6 |sigma=099 ’91 pré = sgma=151 | sgma=172 | me017 | m=1032 |sgma=27 s?nFl 518 ’9m=1 51| melde | me3so
; taur) S50 taur) 91 taur12.10 taurH3.06
MH AICT1393 | AIC-TA13 | AIC003 | AICS1903 | AIC=I38T | AICT1403 | AIC=I425 |AICEIZ | ALl | ATl | AIG-I310 | AIG-14i9

mel413 | me1350
m1353 sgma~ me2.60 260 me268 | sigma=089 | sgma=100 | nue260
6 sgma=093 o - sgma=191 | sgma=190 | m=020 me=970 |sgma=287 e =4 med11 me4 52

158 031 | tar0ol meSS | eSS | et 7
AIC=1545 [AIC=159.1 | AIC=2327 [ AIC=1573 | AIC=1514 | AIC=1540 | AIC=1544 [AIC=1591 [ AIC=1520 [ AIC=1520 [ AIC=1533
ml1356 | mel346

muel312 259 nmuEl3sS | muel334

258 g pel
il sgma=138 | sgma=138 sgma=153 | sgma=140

S
mel346 [ mue258 2260 260 me267 | sgma=102 | sgma=082 | nue260 .“‘:‘:_:1629 sgma=1.79
MH2| 6 |sgma=081 |sgma=175 < sgma=177 | sema=192 | me013 | m=1736 |igma=305 i mel 13
tae024 tae2.50 - tawe=13350
AIC=2361 | AIC=2370 | AIC=3764 | AIC=2370 | AIC=2350 | AIC=2384 | AIC=300 | AIC=2378 | AIC=2381 | AIC=2381 AIC=2401
muEl259 | mael281 1267 554 1267
Mé me281 | nue2s4 S | mue255 | nue261 | sgma=093 | sgma=067 | mue2SS !"“:_—i % .“‘“:_—; 50 signa=190
hirh 6 | sgma=065 |sgma=190 | ™77 |§gma=190 | Sgma=198 | me037 | mre1498 |sgma=317 ’9’230, ’311‘:;0, m=002
sin a0 13 | tael 50 b — 2080
xuat AIC=1776 | AIC=1767 | AIC=3002 | AIC=1768 | AIC=1800 | AIC=1787 | AIC=1806 | AIC=1766 | AIC=1787 AIC=1807
g6 mF1393 [ mF1360 1357 | nue261 nuel1349
nho me1360 me259 261 261 me268 | sigma=102 | sgma=095 | nur26l ——— -iG = la;l 16 sgma=142
6 | sigma=094 |sgma=159 =00 |dgma=162 | sgma=184 | me005 | me1332 | sgmasm2gs | SO | SOMEES w390
MH3 024 | tarl32 it e tae1226

AIC=2494 | AIC=2556 | AIC=3774 | AIC=2529 | AIC=2469 | AIC=2506 | AIC=2512 | AIC=2557 | AIC=2497 | AIC=2497
nuel3.70 | nuel388
mrl388 | mue262 me263 me268 | sgma=031 | sigma=056 | mue263
signa=035 | sgma=208 sgma=208 | sgma=2.10 [ m=003 mEl250 | sigma=340
g 025 | tarl79

AIC=1814 | AIC=180.1 | AIC=3287 | AIC=1803 | AIC=1868 | AIC=1843 | AIC=1840 | AIC=180.1 | AIC=1820 | AIC=1820

muel375 | nue262
sgma=209 | sgma=209
me=022 m=022

me263

taue26.76

AIC=1840

2 1440 | nurl1436
mel431 [ mue266 bl g
signa:lJ 22 | sgma=122 sgma=150 | sgma=124
ll-l- mF-HI— me394 me412
- - ta12.18 tar2151

mel1767 | nuel300
268 5 sgma=094 | sgma=180 | nue268
sgma=140 | sgma=172 | m=040 me2367 | sgma=267
ta=2.00 tau=0.19

me1459 me265

MHs| 7 | Seme=i20 |seme=i3s | T2

AIC=1562 | AIC=1618 | AIC=2155 | AIC=1595 | AIC=1531 | AIC=1499 | AIC=1478 | AIC=1618 | AIC=1520 | AIC=1520 [ AIC=1103 | AIC=1540

Tudi Cac ham phan phoi
LU l;’}’ NO LOGNO EXP GA WEI SHASH JsU 1G BCCG BCCGo BCT
phan
mrl426 | nueldds 3 ~ mrl431
meldds | me2es | o mr273 | sgua078 | sgna=069 | mes7 | ME | mease sgma=200
7 | sgma=067 | sigma=200 < sgma=205 | me020 | melsgs | sgma=333 | STECT S me=011
tar001 tae] 63 ' - tae7059
AIC=1798 | AIC=1789 [ AIC=3104 [ AIC=1790 | AIC=1835 | AIC=1825 | AIC=1828 | AIC=1788 | AIC=1808 [ AIC=180.8 AIC=1828
mel348 | muel3T7 7 nuEl357
mri37 | me26 | o | me26 | me26s | sgna05t | sgwa053 | ma2e | WAL | mr26l sgma=2.16
MH5| 7 | sgma=030 | sgma=2.14 | sgma=214| sgma=215 | me027 mel258 | sigma=345 si';l 03 ﬁz:-l 03 me=103
tau=0.10 tare] 20 ’ ; tawe=1 .63 taue1353
AIC=1993 | AIC=197.1 | AIC=3715 [ AIC=1977 | AIC=2059 | AIC=1995 | AIC=1998 | AIC=1971 | AIC=1984 [ AIC=1984 | AIC=196.7 | AIC=2004
nmueEl376 | nuel366 N . N meEl363 | nuels70
meis66 | me27s | o nur280 | sgma=078 | sgma=053 ‘;‘;;;j ’;;:;i;‘is ;;‘;;‘,’,3 Sgma=223
7 sgma=053 | sgma=221 - sgma=236 me0.16 m=24.16 358 el \'5' el ,'5' el 39
028 | tar22 . = = tare2261
AIC=1790 [ AIC=1799 | AIC=3396 | AIC=1795 | AIC=1792 | AIC=1809 [ AIC=1828 | AIC=1799 | AIC=1810 | AIC=1810 AIC=1830
mel623 | muel611 mel6.18 e 78 nuel6.19
nuel6.11 2 e 78 mr2.78 nur281 sigma=040| sgma=008| nmue278 sgma= o= 00 sigma=290
9 sgma=008 | sigma=285 = sgma=2385 [ sgma=301 | m=030 m=369 | sigma=424 290 sﬁF} 29 me390
tae=005 tawel 36 me3.89 ' taue).80 tae=2061
MH6 AIC=074 | AIC084 | AIC=2666 | AIC=980 AIC=965 | AIC=1000 | AIC=100.1 | AIC=084 | AIC=082 [ AIC=982 | AIC=1001 | AIC=1002
mr1691 | nurl684 mel1689 | nae283 mrl1688 | nurl689
mel685 | nue2 82 282 282 mue285 | sgma=015| sgma=014 | nmue282 | _ 19=299 | sema=000| SgMA=298 | sgma=299
9 | signa=015| signa=296 = | dgma=207| sgma=310 | me006 | mel46d | sgmasd3s | TITLSY| SFEISS pejog | me3ol
tar.11 tae]1 98 o - tawe] 18 tae]1.80
Mé AIC=852 | AIC=B5]7 | AIC=246.7 | AIC=8535 AIC=R55 AIC=886 | AIC=887 AIC=R5.7 | AIC=R68 | AIC=R68 AIC=880 AIC=888
N mel5390 | nuel589 5 -, nuel388 | nuel590
hirh mel589 | me276 || me276 | me279 | sguam007 | sgna=014 | me276 | MREL0 | MR o6y | sguam2ot
: 10 | sigma=014 | sgma=291 =0 dgma=201 | sgma=300 | me006 | med59 | sgma=429 [SFESE| S neos) | melid
e 009 | tar293 e - tar1205 | tawr030
lg_o MH7 AIC=058 | AIC=960 | AIC=273.1 [ AIC=959 AIC=080 | AIC=094 | AIC=998 | AIC=959 | AIC=078 | AIC=978 [ AIC=921 AIC=098
i ! meEl764 | nmuEl755 1762 287 meEl762 | mueEl762
mel755 | nue286 nme2gs | TRE286 nue289 | sigma=009 | signa=008 | mue286 | o - 208 | sema=20g| S9ma=298 | sgma=298
10 | sgma=009 | sigma=294 = sgma=204 | sgma=309 | me009 | me=1254 | sgma=437 ’g‘Fs e S?RFS o | mesd | me36o
tae.13 tawe]78 ) . taue0.99 tad0.71
AIC=019 | AIC926 | AIC=257.1 [ AIC=923 AICO15 | AICD48 | AIC=049 | AICD26 | AIC030 [ AIC=030 [ AICD45 [ AICH50
nmuel876 | nuel858 50 nmEl836 | nuElf69
melsss | me202 |0 | e | omee2dd | sgma=031 | sgme=012 | mur92 5;536198 s;::‘f 1g | Sgma=306 | sgma=318
NH8 [ 11 [sgma=017 |sigma=308 7T |sgma=308 | sgma=331 | me024 | me1082 |sgma=454 =726 s mE685 me728
tau0.19 taur095 - - 1209 | tarl214
AIC=789 | AIC=79.7 | AIC=2373 | AIC=794 | AIC=75.8 | AIC=80.0 [ AIC=79.6 | AIC=79.7 | AIC=786 | AIC=78.6 | AIC=743 | AIC=80.6
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Bang 3. Kiém tra quy luit phan b N/H theo cic ham phén phéi cho cic mé hinh trong rirng keo
tai twong sin xuat go nhé va go lém

Mo hiph | Tudilam Cac ham phan phéi
phan NO LOGNO EXP GA WEI SHASH JsU 1G BCCG BCPE BCT
mu=14.60 | mu=14.02 mu=13.65 mu=1238 | mu=13.66
p)u=1-l.0? .mu=2 62_ =2 64 ‘mu=2.6-l_ sigma=1.30 | sigma=1.14 si na=i 20k sigma=-162 [sigma=-1.20
6 sigma=1,04 [sigma=-1.54 - sigma=-1.56 m=0.06 | nu=-1133 [sigma=-283 5:1 =419 | = =1 19 nu=3 49 nu=4.19
tau=048 | tau=0091 . tau=12.09 | tau=37.7
M1 AIC=141.7 | AIC=144.2 | AIC=206.1 | AIC=143.1 AIC=142.5 [ AIC=143.8 | AIC=144.1 | AIC=141.6 [AIC=141.6 | AIC=103.2 |AIC=143.6
mu=13.59 | mu=14.80 mu=14.67 | mu=2.68 mu=1520 | mu=14.71
= =2 =27 i = i = i 5 ioma=-1.67 |si =13
muw 1_-1.91 mu :.68_ =270 | :..0 EuEe sigma 1.08 sigma 1.14 sigma=138 jsigma=138 sigma= 16 sigma: 1;:9
6 sigma=1.04 [sigma=-1.56 sigma=189 | sigma=1.89 | nu=-0.18 | nu=-11.00 =150 =150 nu=3.88 nu=4 47
tau=038 | tau=0.80 —— —— tau=143 | tau=18.14
AIC=1614 | AIC=166.6 | AIC=238.9 | AIC=164.6 | AIC=1584 AIC=161.0 7 |AIC=158.9 |AIC=1589 | AIC=159.8 |AIC=160.9
152 2.7 l.“u=1=50'2836 mu=15.25 | mu=272 - §11u=15i2§ s
mu=15.23 -7 mu=2.7 sigma=0.; i1 o6 ks T sigma=-1.
MH2 6 sigma=0.86 [sigma=-1.83 LIl sigma=-1. 84 sigma=1.99 nu=-22.27 |sigma=-3.19 5'?1::1'11‘386 51?1:;1 1;86 nu=114
ta ’ : tau=1.87 | tau=25.09
AIC=2415 | AIC=243.0 | AIC=389.2 | AIC=2422 | AIC=2414 | AIC=243.0 | AIC=245.3 | AIC=2429 | AIC=2435 [AIC=2435 | AIC=238.8 |AIC=2455
mu=14.46 | mu=14.26 mu=1436 | mu=2.66 _mu—l4 S0 | mu=14.36
Mé mu=14.26 [ mu=2.64 mu=2 66 mu=2,66 | mu=2.72 |sigma=0.94 |sigma=0.81| mu=2.66 |. ~ 1 88 sigma=-1.88
hinh 6 sigma=0.80 [sigma=-1.82 - sigma=-1.84 [ sigma=2.02 | nu=0.05 | nu=-17.88 |sigma=-3.14 5'51:3:1'5‘5 ngx::—l 55 nu=1.56
san tau=0.24 ' tau=18.32
{uit AIC=190.0 | AIC=192.4 | AIC=309.2 | AIC=191.3 | AIC=189.0 [ AIC=192.3 2 |AIC=1924 [AIC=191.7 |AIC=101.7 | AIC=189.3 |AIC=1937
g0 nhg| mu=15.76 mu=14.98 mu=15.58 | mu=15,00
mu=135.27 =273 mu=2.73 | mu=2.80 |sigma=114 mu=2.73 iema=137 ki , slgma=-1 80 |sigma=-1.38
MH3 6 sigma=1.02 |sigma=-1.63 =7 |sigma=-1.66 | sigma=1.90 | nu=-004 16 sigma=-2.98 g:m;"_‘; ! ml-l 45
tau=0.34 o
AIC=2572 | AIC=263.7 | AIC=389.5 | AIC=260.9 | AIC=2539 | AIC=256.7 AIC=263.8 [AIC=2555
mu=13. 36 =1538 W mu—l) 38 | mu=13. 38
mu=1533 | mu=2.72 mu=2.73 mu=2.73 [ mu=2.79 [sigma=049 |sigma=0.77 e ijg'r . Rl - | sigma=-1,97 |sigma=-1,97
6 sigma=0.77 [sigma=-1.93 =7 |sigma=-1.94 | sigma=2.07 1 nu=-6.06 sng,m:;-“ ! =132 nu=132 nu=132
PSS | MO | taus0.66 | tau=1647
AIC=200.6 | AIC=202.9 | AIC=337.7 | AIC=201.8 | AIC=201.7 AIC=2024 [AIC=2024 | AIC=2044 |AIC=2044
mu=15.95 mu=15.56 mu=16.00 | mu=15.74
=15.45 2.7 =2 i 5 =2 iema=113
) mw 1545 mu=l72 gy | MW 4 mu _.81~ sigma=0.03 sigma=1,64 51gm:i111.:9
MH4 7 sigma=1.04 [sigma=-1.53 sigma=-1.61| sigma=1.93 =384 | nu=38 3 nu=2.00
‘ tau=-3.16
AIC=146.5 | AIC=1543 | AIC=218.8 AIC=1434 7 |AIC=1444 |AIC=1444
MH5 - mu=13.93 577 mu=2.83 | mu=16.10 | mu=15.93 mu—l 97 7
’ sigma=0.82 |sigma=. ST | sigma=-1 9: sigma=2.07 | sigma=0.78 | sigma=0.82
Mo hinh | Teoilam Cac ham phan phéi
phan NO LOGNO EXP GA WEI SHASH 8U 16 BCCG BCCGo BCPE BCT
nu=-008 | nu=-12.93 nu=1.30 nu=1.30 nu=0.61 nu=1.31
tau=0.07 43 tau=1.36 | tau=26.92
AIC=192.1 | AIC=193.6 [AIC=318.5 [ AIC=1929 | AIC=1924 | AIC=195.7 | AIC=195.9 [AIC=193.6 | AIC=194.0 |AIC=194.0 | AIC=194.3 | AIC=196.0
mu=15.26 | mu=15.45 mu=15.40
mu=1545 | mu=2.73 =274 mu=2.74 | mu=2.79 [sigma=0.72 [sigma=038 | sigma=-2.16
7 sigma=0.57 [sigma=-2.17 L) sigma=-2.17 | sigma=2.22 | mu=0.26 | nu=14.91 "l nu=0.04
tau=0.02 7 tau=147
AIC=207.2 | AIC=206.2 | AIC=383.2 | AIC=206.4 | AIC=2120 | AIC=208.9 AIC=206.1 [ AIC=208.1 | AIC=208.1 | AIC= 7069
mu=1791 . 7
mu=1749 [ mu=2.86 =2 86 mu=286 [ mu=290 |sigma=0.83 SIgma=0 72 | mu=2.86 _mu—l 7,12 mu—_lf '35 sigma=-191
7 |sigma=0.39 [sigma=2.23 =0 |sigma=225 | signa=2.48 | nu=0.03 | nu=1074 |sigma=13.66 R nu=§,14
tau=0.53 tau=0.81 - tau=11. 98 tau=38.84
=185 =187 =349.5 =186. =181.2 =183 = . =187, =184.5 =184.5 73,7 =183,
AIC=185.0 | AIC=187.8 | AIC=3495 | AIC=186.8 | AIC=1812 | AIC=183.0 | AIC=184.5 | AIC=187.8 [ AIC=184.5 |AIC=1845 | AIC=173.7 |AIC=185.1
mu=18.12 7 —18 06 =280 mu=18.01 | mu=18.06
mu=2.89 mu=2 89 mu=2.89 | mu=291 [sigma=0.03 mu=289 | ™ e 08 sigma=-2.96 [sigma=-2.98
9 - sigma=-2.93 | sigma=3.11 | nu=-0.06 m=-1262 sigma=-4.37 si 51%112 147 nu=401 nu=4 47
tau=0.27 - tau=1.64
MEH6 AIC=100.0 | AIC=100.8 | AIC=274.2 | AIC=100.5 | AIC=98.3 [AIC=101.6 AIC=100.8 | AIC=100.8 |AIC=100.8 | AIC= 1000
—rr s s s _mu=£f.931 N e mu=17.84 | mu=2.88 ?nu=1_.‘;84
mu=1 mu=2.88 mu=2 88 mu=2.88 | mu=2.89 |sigma=-0.25 s1gma-0 6| mu=2.88 sigma=3.38 higma=3.38 sigma=-3.38
9 sigma=-0.42 |sigma=-3.29 - sigma=-3.29 [ sigma=3.52 | nu=-0.04 | nu=-1151 [sigma=4.73 =840 | nu=8.40 nu=8.41
tau=045 | tau=0.65 ) . tau=12.54
AIC=67.6 | AIC=68.3 |AIC=250.1| AIC=68.0 | AIC=644 [ AIC=67.5 | AIC=67.8 | AIC=68.3 | AIC=67.2 | AIC=67.2 AIC=69.2
Mé mu=1727 [ mu=17.29 o oc
hinh mu=17.28 | mu=285 mu=2 85 mu=2.85 | mu=2.87 |sigma=0.06 |sigma=0.18 mu=2.85 |. ~ _ 02 _nm—_Z,sSip
san 10 sigma=-0.17 [sigma=-3.02 - sigma=-3.02 | sigma=3.12 | nu=0.22 22 [sigma=445 5131;1 :::O.éo = 515:] 11:(-{66 - nu=0 60
Xuat tau=0.19 ; N 7
gdlon MH7 AIC=037 | AIC=03.7 [AIC=279.2| AIC=03.7 | AIC=059 | AIC=964 7 | AIC=93.7 | AIC=05.6 | AIC=956 | AIC= 8 2
' mu=18.84 [ mu=18.73 =18.80 503 mu=18.81 | mu=18. 80
mu=18.73 [ mu=2.93 =293 mu=293 [ mu=2.95 |sigma=-040 |sigma=-0.39| mu=2.93 _mu—= o 10 S 10 sigma=-3.40 [sigma=-3.40
10 sigma=-0.42 [sigma=-3.34 - sigma=-3.34 [ sigma=3.54 | nu=0.11 | nu=-12.56 |sigma=-4.81 SIgI: 3:6-;5 s‘% 3 =6.05 nu=8.01 nu=6.92

tau=0.24
AIC=69.8 | AIC=703 [AIC=2614| AIC=70.2 | AIC=67.9 | AIC=714 7
mu=19.67 | mu=19.47

tau=1.63 | tau=13.64
AIC=70.3 [ AIC=70.3 | AIC=70.3 | AIC=69.8 | AIC=723

mu=19.55 | mu=19.56
mu=2.99 |sigma=037 |sigma=0.07 | mu=2.97 |. sigma=-3.00 298
sigma=3,13 §u=0.13 nglll=-11.43 sigma=-4.42 5‘31’1‘1::'3&98 5‘5:1:: ,3‘898 im_es nu=4.28

tau=0.52 | tau=1.17 - ” tau=1.67 | tau=44.70
AIC=00.6 | AIC=01.1 | AIC=240.2 [ AIC=909 [ AIC=89.2 [ AIC=91.1 | AIC=930 | AIC=91.1 | AIC=01.8 | AIC=018 | AIC=89.1 [ AIC=938

Két quéa phan tich phén b N/H cing cho xu  GAMLSS, dic biét la BCPE va BCCG/BCCGo,
huéng tuong ty & bang 3. O mé hinh go nho (6 - cho gia tri AIC thap nhat hodc xép xi thap nhat ¢
7 ndm tuoi), cac phan phoi linh hoat thugc nhém  hau hét cac mo hinh, vuot trdi so véi cac phan

mu=19.48 | mu=2 mu=19.56 [ mu=2.97

NHS 11 sigma=0.02 |sigma=-2.

mu=2.97
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phdi c¢6 dién (NO, LOGNO, GA, WEI). biéu
nay phan dnh kha ning mé phong t6t phan bd
N/H ¢6 d6 léch phai va bién thién 16n trong giai
doan dau cta 1am phan. Cac phan phdi SHASH
va JSU ciing cho két qua kha tét, vai AIC thap
hon nhém phan phdi truyén thdng, cho thiy vai
trd cua tinh linh hoat trong mé hinh héa phan b
chiéu cao.

Khi 1am phan chuyén sang giai doan gb 16n
(9 - 11 nam tudi), sy khac biét AIC gitra cac ham
phéan ph01 giam dan do cdu tric chleu cao tr¢ nén
ddng déu hon. Tuy nhién, BCPE van duy tri mirc
d6 phui hop cao nhét, trong khi WEI va GA cho
két qua 6n dinh va co thé cha”ip nhén trong thuc
tién. Xu huéng xép hang chung 13 BCPE =~
BCCG/BCCGo > SHASH = JSU > WEI = GA >
NO/LOGNO >> EXP. Két qua khang dinh BCPE
la ham phan phdi phu hop nhit ¢&¢ mé phong
phéan bo N/H rung trong keo tai tuong & ca mod
hinh gb nho va gd 1én tai tinh Tuyén Quang, con
Weibull va Gamma 1a nhitng lya chon thay thé
khi uu tién tinh don gian va kha nang ing dung.

Két qua kiém dinh cho thiy, phan b N/D va
N/H ciia rimg trong Keo tai tuong tai tinh Tuyén
Quang thay ddi theo d6 tudi va trang thai cau trac
1am phan, khong tuan theo mot dang phén phdi c¢b
dinh. Trong 12 ham phan phdi dugc danh gia, cac
phan phdi linh hoat thugc nhém GAMLSS, dic
bi¢t la BCPE va BCCG/BCCGo, cho muc d§ phu
hop cao nhét hodc gan cao nhat theo tiéu chi AIC
& hau hét cac cap tudi, trong khi phan phbi EXP
luon cho két qua kém phu hop. Nhin chung,
BCPE 13 ham phan phdi phut hop nhéat dé mé hinh
hoa ddng thoi phan bd dudng kinh va chiéu cao
ctia rimg Keo tai twong & ca mo hinh gd nho va
gd 16n. Trong khi d6, WEI va GA van la nhiing
lya chon thay thé phu hop khi vu tién mé hinh
don gian va d& ap dung. Két qua khang dinh uu
thé cua cac ham phan ph01 linh hoat trong mo
hinh héa cu tric rimg trong Keo tai twong qua
cac giai doan sinh truong.

3.3. Panh gia mirc d§ phu hop cia cac méd
hinh phan phéi xic suit trong viéc md ta quy
luét phan bé N/D va N/H

Két qua kiém dinh cho thdy, kha ning mo
phong phan bd N/D ciia cac ham phan phdi xac
suat khac biét rd rét. Theo cac tiéu chi AIC, BIC
cung kiém dinh K-S va A-D, cac phan phéi linh
hoat thudéc ho Box-Cox, diac biét la BCPE,

BCCG va BCCGo, luén dat muc phu hop cao
nhit hodc gan cao nhit ¢ hau hét cac cip tudi.
Nguoc lai, phan phéi EXP cho AIC va BIC 16n
nhat, ddng thdi khong dat cac kiém dinh K-S va
A-D, cho thay khong phu hop dé mé phong phan
bb N/D. Cac phan ph6i WEI va GA cho két qua
kha t6t nhung kém 6n dinh hon khi dénh gia
ddng thoi ca bon tiéu chi. Uu thé cua BCPE dic
biét 16 ¢ giai doan rimg gd nho, khi phin b
duong kinh c6 d6 léch va dudi phan bd 16n; &
giai doan g5 16n, mac du su khac bi¢t gitra cac
ham phan phéi thu hep, BCPE van duy tri mirc
d6 phu hop cao nhat.

Dbi voi phan bd chiéu cao (N/H), két qua
kiém dinh cing cho xu hudng tuong tu. O md
hinh san xudt gd nho, cic phan phdi BCPE,
BCCG va BCCGo dat gia tri AIC, BIC thap nhét
va dap ung cac kiém dinh K-S, A-D, phan anh
kha ning mé phong tot phan bd chidu cao co do
léch va bién thién 16n. Khi 1dm phan chuyén
sang giai doan gb 16n, cdu truc chiéu cao 6n dinh
hon nén chénh léch giita cac ham phan phdi
giam dan; tuy nhién, BCPE véan duy tri mic do
phu hop cao nhét, dic biét theo kiém dinh A-D.
Trong khi d6, WEI va GA cho két qua chap nhan
dugc, con EXP khong phi hop trong hau hét cac
truong hop.

Nhin chung, viéc danh gia dong thoi 12 ham
phan phéi bang cac tiéu chi AIC, BIC, K-S va A-
D cho thay cac phan phdi linh hoat thuéc ho Box-
Cox, dac biét 1a BCPE, c¢6 mirc d¢ phu hop cao
va on dinh nhat ddi véi ca phan bé N/D va N/H
cla rung trong Keo tai twong & ca md hinh san
xuat gb nho va g 16n. Két qua nay khing dinh,
BCPE 14 lya chon phu hop cho mé hinh héa céu
trac lam phan, phuc vu du bao sinh truong, nang
suat va dinh huéng chuyén hoa rung trong Keo
tai twong theo hudng kinh doanh go lon; trong
khi WEI va GA c¢6 thé dugc st dung khi uu tién
tinh don gian cua mo hinh.

3.4. Thao luin

Viéc lva chon ham phén phéi X4c suét pl}fl
hop dong vai tro then chot trong moé hinh hoa cau
truc 1lam phﬁn, phuc vu dy bao sinh tm(mg, udc
tinh san luong va hd tro xdy dung cac giai phap
quan ly rimg trong theo muc tiéu kinh doanh. D6i
véi rimg trong keo tai tuong, dac diém sinh
truong nhanh cing voi sy bién dong manh cua
ciu trac 1am phan theo tudi va muc dich kinh
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doanh 1am cho phan bd sb cay theo duong kinh
va chiéu cao khong 6n dinh theo thoi gian. Do do,
vi€c st dung mot ham phan phéi cd dinh dé mo ta
ciu truc 1am phan cho moi giai doan sinh truong
c6 thé khong phan anh day du dic diém bién do
cua lam ph?m. Thay vao d6, viéc lya chon ham
phan phdi can dam bao kha ning mo ta linh hoat
su thay dbi ctia phan bd sé cdy theo duong kinh
va chiéu cao dudi tic dong tong hop cua nhiéu
yéu t6 nhu diéu kién 1ap dia, mat do trong ban
dau, tudi 1am phan va cac bién phap k¥ thuat 1am
sinh. Vi vay, viéc danh gia va so sanh hiéu qua
ctia cac ham phan phéi xac sudt khac nhau 13 can
thiét nham xac dinh mé hinh phii hop nhit cho
timg d6 tudi 1am phan va timg muc tiéu kinh
doanh rimg trong.

Két qua_¢ nghién cliru nay cho théy, 0 mo
hinh rimg g6 nho (6 - 7 ndm tudi), cau tric lam
phan thuong chua 6n dinh, phan hoa kich thudc
giita cac ca thé bat dau hinh thanh, din dén cac
dang phén bd khong di xtng va c6 do nhon cao.
Hién tugng nay phan anh sy khac biét vé sinh
truong ban dau, chit lugng cdy gidng va diéu
kién l1ap dia. Trong bdi canh do, cac ham phén
phdi linh hoat nhu BCPE va SHASH cho mirc d6
phul hop vuot trdi, c6 kha nang diéu chinh dong
thoi d6 1€ch va do nhon, cho phép mé ta sat thuc
hon cdu trac rimg so voi cac ham phan phdi
truyén théng (WEI va GA) von gia dinh dang
phan bd don gian. Cach tiép can nay dic biét
quan trong ddi véi cac 1am phan keo tal tugng
dinh huéng chuyén hoa sang kinh doanh gd 16n.

Trong khi & mé hinh rimg kinh doanh gb 16n
(> 9 niam tudi), canh tranh anh sing va dinh
dudng gitra cic ca thé tré nén rd rét, kéo theo
hién tuong tu tia sinh hoc va hinh thanh nhimg ca
thé troi. Dudi tic dong cua tia thua ky thuat, cau
trac 14m phan c6 xu huéng 6n dinh hon va phan
bd dudng kinh, chiéu cao tiém can tinh d6i ximg.
Trong diéu kién nay, cac ham phan phdi truyén
thong nhu WEI hoic GA cho mirc do phu hop
kha cao. Tuy nhién, sy tdn tai cla cac ca thé vuot
trdi hodic nhém cdy sinh truéng kém van tao ra
bién dong & phan dudi phan bd, doi hoi cac ham
phan phdi c6 mirc d linh hoat cao hon dé dam
bao d0 chinh xac cua md hinh. Dua trén cac ti€u
chi AIC, BIC cing cac kiém dinh K-S va A-D,
nghién ctru khang dinh cac ham phan phdi thudc
ho Box - Cox trong nhom GAMLSS, dic biét la
BCPE, thé hién muc d¢ phu hop va tinh 6n dinh
cao nhét ddi v6i ca phan bd N/D va N/H & hau

hét cac do tudi. Nguoc lai, cac ham truyén théng
nhu WEI va GA chi dat mirc phu hgp trung binh,
trong khi phan phéi EXP khong phu hop trong
moi truong hop.

Nhirng lap luan trén nhin chung phu hop véi
cac két qua da dugc cong bd trong nhiing nghién
cuu trude tac vé ciu triic rwng trong keo va mot
s loai cay nhiét d6i. O giai doan dau sinh trudng,
phan bd duong kinh va chiéu cao cic 1am phan
keo thuong gan v6i dang chuén hoic cac dang ddi
xung don gian, phan anh sy sinh trudng twong
adi dong déu cua cac c4 thé va mirc do canh tranh
thap vé khong gian va dinh dudng. Khi lam phan
budc sang g1a1 doan chon loc sinh hoc, cau tric
rung thay doi r6 rét; phan bb trd nén 1éch va nhon
hon do tac dong tong hop cua hién twong tu tia
thua tur nhién va cac bién phép can thi¢p lam sinh
nham diéu chinh mat do va nang cao chét luong
rimg. Trong bdi canh do, cac ham phan phéi xac
suét cb dién, dic biét 1a Normal va Weibull, da
chung minh dugc muc do phu hop cao trong viéc
mod hinh héa phan bd sé cdy theo duong kinh va
chiéu cao. Cu thé, Normal va Weibull duoc xéac
dinh 1a hai ham phéan phdi hiéu qua ddi véi cac
1am phan keo lai [29] va keo tai twong [5] & giai
doan 4 - 8 tudi. Két qua tuong ty ciing dugc ghi
nhan tai khu vyc Ba Vi, hai phan phéi Weibull va
SHASH cho thiy kha ning mo phong tét phan b
N/D va N/H cua rung keo tai tugng [30]. Ngoai
ra, phan phéi Weibull con duogc xac dinh 1la mo
hinh t6i wvu dé mo phong phan bd thuc nghiém
N/D ctia rirng md [31].

O pham vi qudc té, phan phdi Weibull (hai
va ba tham sé) va Gamma dugc xem la cac mo
hinh pho bién dé mo  phong phan bb duong kinh
& nhiéu loai rimg trong va ring tuy nhién. Ham
phan phdi Gamma, Weibull (2 va 3 tham sd)
mé phong tét phan bd duong kinh & cac 1am
phan keo tai twong ¢ nhiéu d¢ tudi khac nhau
tai Brazil [32]. Tuong ty, Weibull va Gamma 1a
cac phan ph01 ¢ tinh phd quat cao trong md
phong phan bo duong kinh rimg sdi & giai doan
sinh truong t6i wu [33]. Bén canh d6, ho kha
nang diu chinh linh hoat cac tham sb, Weibull
da tré thanh mot trong nhirng phan phdi duoc
sir dung phd bién nhét trong nghién ctru ciu
truc rung [34].

Tuy nhién, diém khac biét va déng gop méi
ctia nghién ctru nay 1a viéc ap dung c6 hé thong
cac ham phan phéi hién dai thuéc ho Box-Cox
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trong nhom GAMLSS, cho phép m6 phong linh
hoat sy bién ddi cau tric lam phan theo tudi va
mo hinh kinh doanh. Cach tiép can nay gop phan
nang cao dd chinh xac cua cac mé hinh dy bao
sinh truong, dap tng tot hon yéu ciu quan ly
rimg bén ving va toi wu hoa gia tri rimg trong
kinh doanh gd 1én. Viéc ap dung cac ham phan
phéi linh hoat khong chi mang y nghia phuong
phap ludn ma con c6 gia tri thuc tién quan trong
trong quan 1y rimg bén vitng. Cac md hinh phan
anh sat thuc ciu trac 1am phan cho phép nang cao
dd tin cay cua dy bao sinh trudng va san lugng,
hd trg ra quyét dinh vé thoi diém va cuong do tia
thua, ciing nhu danh gia hiéu qua cua cac kich
ban chuyén héa rimg tir kinh doanh gb nho sang
gd 16n. Trong bbi canh yéu cau t6i uu hoa gia tri
kinh t& va sinh thai cia rimg tréng ngay cang gia
tang, cach tiép cén nay c6 thé dugc xem 1a phu
hop v6i xu huéng nghién cuiu va Uing dung lam
nghiép hién dai.
4. KET LUAN

Nghién ctru da danh gia mirc d6 phu hop cua
mudi hai ham phan phdi xac suat trong m6 phong
phan b duong kinh (N/D) va phén b6 chiéu cao
(N/H) cua rung trong keo tai tugng theo hai mé
hinh san xuit g nho va gb lon tai tinh Tuyén
Quang. Dya trén cic tiéu chi tong hop AIC, BIC
cung cac kiém dinh Kolmogorov-Smirnov va
Anderson-Darling, két qua cho thidy cac ham
phén phéi linh hoat thudc ho Box-Cox, dic biét la
Box-Cox Power Exponential (BCPE), thé hién
mirc d6 phu hop va tinh 6n dinh cao nhit ¢ hau
hét cac d6 tudi 1am phan. BCPE mé phong hiéu
qua cac phan bd c6 do léch va dudi dai ¢ giai
doan rimg non, déng thoi duy tri wu thé trong
rimg trudng thanh khi cdu trac 1am phan 6n dinh
hon. Nguoc lai, cac ham truyén théng nhu
Weibull va Gamma chi dat mac phu hop trung
binh, trong khi ham Exponential khong phu hgp
trong moi truong hop. Két qua nay khiang dinh
phan phdi BCPE 1a lya chon t6i wu cho mé hinh
hoéa cdu tric 1am phan va dy bao sinh trudng rimg
keo tai tuong theo huéng kinh doanh gd 1én.

LOI CAM ON

Nghién cuu nay la mot phdn két qua cua dé
tai: “Giai phap thuc day chuyén héa ring trong
Keo (Acacia) go nho thanh rung cung cap go lon
tai tinh Tuyén Quang”. Nhom tdc gia trdn trong
cam Truong Pai hoc Tan Trao da hé tro kinh phi

dé thuc hién nghién ciru.
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MODELING TREE DIAMETER AND HEIGHT DISTRIBUTIONS IN SMALL- AND
LARGE-TIMBER ACACIA MANGIUM PLANTATIONS
IN TUYEN QUANG, VIETNAM
Le Duc Thang', Dao Thi Thu Ha?, Nguyen Thi Thanh®
"'Tam Dao Research Center of Medicinal Materials,
National Institute of Medicinal Materials (NIMM)
? Tan Trao University
3 Institute of Science and Technology Development for Regions,
National Center for Technology Progress
Abstract
Modeling diameter and height frequency distributions constituted a fundamental scientific basis for
analyzing stand structure and supporting sustainable forest management. This study aimed to identify
the optimal probability distribution functions for modeling tree number distributions by diameter
(N/D) and height (N/H) in Acacia mangium plantations under small- and large-timber management
regimes in Tuyen Quang province, Viet Nam. The analysis was based on data collected from 15
temporary sample plots (500 m? each), representing stand ages from 6 to 11 years. Twelve probability
distribution functions, including classical distributions and flexible distributions within the Generalized
Additive Models for Location, Scale and Shape (GAMLSS) framework, were evaluated. Model
parameters were estimated using the Maximum Likelihood Estimation (MLE) method and goodness-
of-fit was assessed using the Kolmogorov-Smirnov and Anderson-Darling tests.The results indicated
that flexible Box—Cox family distributions, particularly the Box-Cox Power Exponential (BCPE)
distribution, exhibited superior goodness-of-fit and robustness in modeling both diameter and height
distributions across most stand ages. The BCPE distribution effectively captured skewed and heavy-
tailed distributions in young stands and maintained its performance as stand structure became more
stable in mature, large-timber stands. In contrast, traditional distributions such as Weibull and Gamma
showed only moderate performance, while the Exponential distribution proved unsuitable in all cases.
These findings provided a robust scientific basis for growth prediction and decision-making in thinning
and stand conversion, thereby enhancing the effectiveness of sustainable management of Acacia
mangium plantations oriented toward large-timber production.
Keywords: Diameter distribution, height distribution, Acacia mangium, probability distribution,
GAMLSS, sustainable forest management.
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