KHOA HOC CONG NGHE

PHUONG PHAP THAM DINH CHEO MO HIiNH SINH KHOI

CAY RUNG TREN MAT DAT

Béo Huy!

TOM TAT

Céac mo6 hinh duoc st dung dé wéc tinh sinh khéi va bao cao CO, tuong duong tir rimg trong khuon khd
chuong trinh REDD* (Giam phat thai tir mat rimng va suy thoai ring) can chi ra d¢ tin cay va sai s0, vi vay cac
mo hinh sinh khéi lya chon dugc danh gia kha nang du doan trén co so st dung 110 cay mau chat ha & rimg 14
rong thuong xanh ving duyén hai Nam Trung bo. Cac ham ma khac nhau s dung cac bién doc lap nhwe
duong kinh ngang nguc (DBH), chiéu cao cay (H), khoi luong thé tich go6 (WD) va dién tich tan 14 (CA) dé du
doan sinh khoéi cay rimg phan trén mat dat (AGB) duoc danh gia. Bon phuong phéap thdm dinh chéo duoc ap
dung 1a st dung dir lieu doc lap, Leave-One-Out (LOOCV), k fold va Monte Carlo. Trong nhiing phuong phap
nay, Monte Carlo 1a thich hop dé cung cap chi tiéu thong ké ctia mé hinh, sai s6 qua thim dinh chéo 6n dinh,
chinh x4c va c6 phan b6 chudn. Céc chi tiéu théng ké thdm dinh chéo Monte Carlo nhu chénh léch (Bias%),
sai s6 trung phuong (RMPE%) va sai s6 tuyéet doi % (MAPE) duoc tinh bang cach phan chia ngau nhién bo dir
lieu 200 1an, mdi 1an c6 80% dir lieu dung lap mé hinh va 20% dit lieu dé thdm dinh chéo, sau do6 cac chi tieu
thong keé ctia mo hinh va sai s6 duoc tinh trung binh tir 200 1an rat mau. Mo hinh t6t nhat dwoc lga chon dua
vao hé s xac dinh (R?), chi tieu AIC (Akaike information criterion). AGB c6 quan hé chat ché véi bon bién
dau vao la DBH, H, WD va CA theo mé hinh t6t nhat 14 AGB = ax (DBEFHWD)"x CA° véi sai s6 MAPE thap

nhatla 17,9%.

Tir khoa: K-fold, LOOCV, Monte Carlo, mé hinh sinh khéi AGB, thim dinh chéo.

1. BAT VAN BE

Khi 4p dung hé thong cac mo hinh sinh khéi cay
rimg dé uwéc tinh va bao cao hap thu hoac phat thai
CO, twong duong tir ring thong qua hé thong “Do
luong — Béo cao — Tham dinh (MRV)” trong chuong
trinh “Giam phat thai tir mat rimg va suy thoai rimg”
ctia Lién hiep quoc (UN-REDD"), can chi ra sai so
clia cac mo hinh nay. Cac phuong phéap thdm dinh
chéo (Cross Validation) 1a co s& dé thdm dinh va bao
c40 sai s6 clia cac mo hinh sinh khéi.

Trong thiét 1ap cac mo6 hinh sinh khéi-cac bon
rimg, viéc lua chon mo hinh téi wu va cung cap thong
tin sai s6 ctia mo hinh mot cach chinh xac 1a mot noi
dung quan trong. Tt day da hinh thanh mot linh vuc
trong khoa hoc sinh trac 1a “Tham dinh chéo — Cross
Validation”. Moore (2017), Zhang (1997) da chi ra
riang thdm dinh chéo cdc mo hinh gitp tranh lua
chon cic moé hinh c6 sai léech lon so véi thuc té
(overfitting). Picard va Cook (1984) ciing cho thay
thdm dinh chéo ngoai viéc xac dinh sai s0, con tranh
cho mo6 hinh du doan sai léch voi thyc té thi né con
giup cho viéc lua chon céac bién sé thich hop cho mo
hinh.
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Nghién ciru nay gioi thiéu két qua thir nghiém dé lua

chon phuong phap thim dinh chéo thich hop cho cac
mo6 hinh woéc tinh sinh khéi cay rimng trén mat dat
(AGB). Bon phuong phap thdm dinh moé hinh dwoc
thit nghiém 1a: i) St dung di lieu doc 1ap, ii) Leave-
One-Out Cross Validation (LOOCYV), iii) k-fold va iv)
Monte Carlo.

2.VAT LIEU VA PHUONG PHAP

2.1. Vung sinh thai va kiéu rimg nghién cttu

Khu vuc tién hanh thu thap so liéu dé lap va
tham dinh cac mo hinh sinh khéi 1a cac khu rimg 14
rong thuwong xanh cua vung duyén hai Nam Trung
bo. Cac 6 mau dugc dat tai tinh Quang Nam (c6 toa
do dia ly: 15°2813.3” N dén 15°28'16.1” N va
107°4856.6” E dén 107°48'59.6” E), & do cao 574-624
m so véi mat nudc bién, do doc tir 10 - 40 do. Dat co
mau vang nau, phat trién trén phu sa cd, véi gia tri
pH =6,0-6,3 va tAing dat sau hon 100 cm.

Luong mua trung binh hang nam la 3150-3500
mm véi mie t6i thiéu va luong mua t6i da 1.857 mm
va 5.337 mm tuong ting.

Nhiét do trung binh hang nam la 21,8°C, bién
dong gitta 16,0°C va 39,4°C. C6 hai mua ro rét: mua
kho tir thang hai dén thang tAm va miia mua tir thang
chin dén thang giéng.
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Do 4m khong khi trung binh 1a 90% va c6 luong
thoat hoi nudc trung binh nam la 800 mm va suong
mu thuong xay ra tir thang muoi mot - thang hai
(Nguén: Trung tam Khi tuong Thdy van & mién
Trung Viét Nam, 2012)

2.2. Lap 6 mau, chon cay mau, thu thap va xt ly
s6 lieu

ba tién hanh 1ap hai 6 mau méi 6 1 ha (100 m x
100 m), dwoc chia thanh 100 6 phu 10 m x 10 m.
Trong céac 6, cac chi tieu duogc thu thap: (i) vi tri toa
d6 6 mau; (i) thong tin 1am phan: kiéu ring va trang
thai, d6 tan che, s6 tang rimg va tiét dién ngang
(BA); (iii) dia hinh: d6 doc va vi tri dia hinh; (iv) dac
diém cta dat: pH, do sau va mau sac; va (v) do cay
dung: tén loai (dia phuong va khoa hoc), duong kinh
ngang nguc (DBH, cm), va chiéu cao cay (H, m) cta
tdt ca cac cay co DBH > 5 cm. Trong 6 mau, s6
luong cay ldy mau duoc xac dinh bang ty 1& so cay
theo titng cap duong kinh, véi cu ly cip kinh 1a 10

cm, rieng d6i voi cac cdp duong kinh lon (vi dy,
duong kinh > 45 cm) thi c6 it nhat ba cay duoc 13y
mau. Cac cay mau ciing da duoc lua chon ciing dua
trén ty 1é loai uu thé trong 1am phan, gém cac loai
chinh nhu dé (Lithocarpus annamensis (Hickel &
A.Camus) Barnett ), tram (Syzygium levinei (Merr.)
Merr.), tram (Canarium ILitforale Blume), s6 (Dillenia
indica var. aurea (Sm.) Kuntze), nhoc (Polyalthia
nemoralis Aug.DC.), thi rung (Diospyros decandra
Lour.), gi6i (Aglaia roxburghiana (Wight & Arn.)
Miq.).

Téng cong c6 110 cay mau (55 cay & moéi 06) da
duoc chit ha dé do sinh khéi va lay mau. Phan bé
DBH va H cta cidy mau thé hién trong hinh 1 cho
thdy cay mau chit ha c6 phan bé dong dang voi phan
b6 ctia l1am phan. Bang 1 trinh bay tom tit thong tin
vé cac bién s ctia cac cAdy mau chat ha, cho thay di
lieu thu thap bao gdm mot dai rong gia tri DBH va H.

Bang 1. Tém tat thong tin vé bién s6 doc lap va phu thudc trén cac cay miu chit ha

Thong tin DBH (cm) H (m) WD (g/cm® | CA (m? AGB (kg)
Nhé nhat 49 4,7 0,430 0,79 5,9
Trung binh 25,7 17,5 0,586 24,53 804,4
Lén nhat 87,7 414 0,712 201,06 8.633,0
Sai tieu chudn 21,2 8,6 0,052 31,6 1.482,4
xg o~ T o

R e s _

CI) 2IO 4IO GIO SIO CI) 1 IO 2IO 3IO 4IO

Céap DBH (cm) Céap H (m)

Hinh 1. Phan bé DBH va H ciia s6 cay mau chit ha

Truéc khi chat ha cay mau, tién hanh do DBH
(cm), H (m), do duong kinh tan (CD, m) theo hai
huéng bic nam va dong tay; xac dinh loai ctia méi
cay mau. Chiéu cao cay duoc do lai sau khi cay mau
da duoc chat. Khoi luong sinh khdi tuoi cia cac bo
phan cay nhu 14, canh va than ciy c6 vo duoc can va
ghi chép. Than cay mau duoc phan thanh nam doan
¢6 chiéu dai bang nhau va duong kinh c6 va khong
¢ vo clia cay tai vi tri 5 doan duoc do dac. Cac mau
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ctia bon thanh phan sinh khéi cta cay da duoc dua
dén phong thi nghiéem dé tinh ty l¢ khoi luong
kho/tuoi, va khoi luong thé tich g6 (WD, g/cmd).
Mau g6 va vo cay duoc 1y 500 g va 300 g va duoc lay
5 mau & 5 doan trén than cay. Mau cta canh 1a 500 g
va thu thap 3 mau & ba vi tri trén canh (16n, trung
binh va nhé). Mau 14 1a 300 g bao gom 14 gia va non.
Trong phong thi nghiém, thé tich tuoi cia mau gb
va v cay duoc xac dinh bang phuong phap nuéc
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chuyén ché trong ong nghiém. Tat cd cac mau déu
duoc ché nhd va sdy kho & 105°C cho dén khi khoi
luong khong d6i. WD (g/cm® ctia mau duoc lay
bang ty s6 gitta khoi luong kho va thé tich tuoi cta
moi mau. WD ctia cdy mau g6 sau cung la trung binh
lay tir nam phan doan. Khoi Iuong thé tich ctia vo cay
ciing duoc tinh twong ty. Sinh khoi kho ctia méi
thanh phan cay da duoc tinh toan theo khéi luong
tuoi ctia n6 nhan véi ty e twoi/kho. Sinh khdi ctia cay
rimg trén mat dat (AGB, kg) 1a téng sinh khéi cta
than cay (Bst), sinh khéi ctia canh nhanh (Bbr), sinh
khoi 14 (Bl), sinh khdi ctia vo cay (Bba) va sinh khoi
clia goc (Bstu). Bién dién tich tan 14 duoc tinh CA
(m?) ===~

2.3. Phuong phép thiét 1ap, lra chon cac mé hinh
sinh khéi

Cac mo hinh sinh khéi cay rimg dugc thiét lap
trong nghién cttu nay st dung ham power dua theo
Brown (1997), Chave et al. (2005, 2014).

Ap dung phuong phéap phi tuyén Maximum
Likelihood c6 trong s dé wéc lugng moé hinh power.
St dung chuong trinh nlme chay trong phin mém
ma ngudén m& R (Bates ef al, 2010; Pinheiro et al,
2014) va chan doan qua so do stt dung code ggplot2
(Wickham et al, 2013).

Mo hinh sinh khéi téng quat nhu sau (Huy et
al, 2016a,b):

T = "E" += )

£~ iid ¥(0,07%) ©)

Trong @6 ¥.1a AGB (kg) ung voi cay thit £ = va
Z 1a tham s6 cia mo hinh; . 1a cac bién s6 DBH
(cm), H (m), WD (g/cm®, CA (m? cua cay tha 7
hodc t6 hop bién DBH?*H (m® = (DBH/100)?xH dai
dién cho thé tich cay; hoac t6 hop bién DBH?HWD
(kg) = DBH*HxWDx1000 dai dién cho sinh khdi than
cay go.

Mot ham phuong sai theo trong s6 da duoc ap
dung dé diéu chinh cac tham sé ctta mé hinh nhim
giam bién dong sai s6 cta cac moé hinh sinh khéi.
Ham phuong sai c6 dang nhu sau (Huy ef al, 2016a):
i Ix &)

YVar| e ) = o7V

=

Trong d6 = 1a sai s6 ngdu nhién; < = 13 sai s0
binh phuwong; +- 1a bién trong s6 Weight (1/DBH,
1/DBEFHWD) tuong ng véi cay thit i; va k 1a hé so6
cta ham phuong sai.
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Mo hinh t6t nhat duoc lua chon dua vao chi tiéu
AIC (Akaike Information Criterion), AIC cang bé thi
mo hinh cang cé do tin cay cao hon.

AIC=-2In@) +2p )

Trong do L 1a Likelihood ctia mé hinh, p 1a tong
s0 tham s6 cia mo hinh. Ngoai ra hé so xac dinh R?,
ciing duoc st dung phdi hop voéi AIC dé Iya chon mo
hinh.

2.4. Phuong phap thidm dinh chéo (Cross
Validation) cac mé hinh

2.4.1. Phuong phap sir dung dir liéu doc Iap

Day 1a phuong phéap truyén thong, st dung mot
bo dit lieu doc lap dé danh gia sai s6 ctia mo hinh da
thiét 1ap. Phan chia dit lieu ngéu nhién lam hai phan:
80% cho 1ap mo hinh va 20% cho danh gia sai s6 ctia
cac mo hinh.

Cac sai s cta cac mé hinh duoc tinh toan bao
gom % sai lech gitra quan sat va du bao qua moé hinh
(Bias %), sai sO trung phuong trung binh % (Root
Mean Square Error - RMSE %), va sai so tuyét doi
trung binh % (Mean Absolute Percent Error -
MAPE) (Mayer et al, 1993; Chave et al, 2005;
Basuki et al, 2009; Swanson et al, 2011; Huy et al.,
2016a,b):

IS S
raess ws = 200 23T (57) (6)
. =1
EAFE 05 = 1? zl-": : I @

Trong do6 n 1a s6 cay mau doc lap dung danh gia;
va ¥, va ¥, la gia tri quan sat va udc tinh qua mo
hinh.

24.2. Phurong phdp thim dinh chéo Leave-One-

Out Cross Validation (LOOCYV)

Tu n dir lieu cay mau, phuong phap LOOCV stx
dung n-1 di liéu 1ap mé hinh va 1 di liéu doc lap
dung dé danh gia sai so, 14p lai nhu vay véi n 1an lap
mo hinh va danh gia sai s6, voi sai s6 méi lan duoc
tinh tir mot dix lieu doc 1ap khong tham gia 14p mo
hinh, sau d¢ ldy trung binh (Moore, 2017).

Cach tinh cac sai so tuong doi khi ap dung LOOCV:

: 100 vy yi—¥i
Bias (% =Tzi=1T ®)
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100 |13k, (22)° (9)

RMSE (%) =

MAPE (%) = “2 ¥k 1"" il
1

(10)

Trong do, L1a s6 lan lap lai tinh sai s6, méi 1an st
dung mot dit lieu doc 1ap dé tinh sai s6 m6 hinh (L=n
dw liew); v; va ¥, 1a gia tri quan sat va du doan qua
mo hinh.

2.4.3. Phurong phap tham dinh chéo k-fold

Phuong phap nay phan chia dit liéu thanh k phan
bing nhau (k-fold), mot phan di lieu khong tham gia
lap mé hinh dung dé danh gi4 sai s6, trong khi dé k-1
phan dit liéu dung 1ap mé hinh. Tién hanh lap lai nhu
vay k = 10 lan, méi 1an 14y mot phan dix liéu khac
nhau dé thdm dinh mo hinh va tinh sai s6 trung binh
tirk 1an 1ip (Moore, 2017). Céach tinh céc sai s6 twong
doi theo phuong phap k-fold nhu sau:

Bias (%) = {3k, "o, A0 ()
ruse (Y0) = lll(‘) Il,lvl'l {Y'.y—if’i:]z (12)
waer (%) = Lk_,2005n 1Iy,; il (13)

Trong d6, k 13 s6 phan dit liéu bang nhau duoc
phan chia (k-fold), véi k = 10; n 1a s6 dit lieu danh gia
clia moi lan va v; va ¥; la gia tri quan sat va du doan
qua mo hinh

2.4.4. Phuong phap Monte Carlo

Phuong phéap nay dung dé thdm dinh chéo cac
md hinh sinh khéi duoc mo ta nhu sau: phan chia dix
lieu ngau nhién lam 2 phan, mét phan dung dé lap
mo hinh (80% dit liéu) va mot phan dung dé danh gia
sai s6 (20% dit lieu). Méi lan nhu vay tinh toan cac
chi tieu thong keé danh gi4, so sanh cac mé hinh nhu
AIC, R? va cac sai s6 nhu Bias%, RMSE%, MAPE%.
Tién hanh lap lai nhu vay R lan dé thdm dinh cac mo
hinh va danh gia sai s6, cudi cling gia tri théng keé so

sanh cac mo hinh va sai s¢ dugc tinh trung binh tit R
= 200 lan (Temesgen ef al, 2014) va Huy et al,
2016a,b). Ngoai ra cing tht nghiém R khic nhau
(50, 100, 200, 300 va 500 lan) dé chi ra sé lan lap cho
sai s6 ctta mo hinh 6n dinh va c6 phan bé tan s6 tiém
can chudn. Cac sai s6 ap dung theo phuong phap
thdm dinh chéo Monte Carlo voi R lan 1ip lai ngau
nhién nhu sau (Swanson ef al, 2011; Huy et al,
2016a,b):

sies (%) _Rzr 1mz? 13/,-;}’,- (14)
7J
s (%) = heR_1 100 hop, (Y1575 1

~

1 100 ly;—w;l
MAPE <o - -2, — D",
R n

¥

(16)

Trong do, R 1a s6 1an phan chia dir liéu ngau
nhién thanh hai phan, n la s6 dir lieu danh gia cta
moi lan rat mau (20% mau rut ngau nhién) va v, va ¥,
1a gia tri quan sat va du doan qua mo hinh.

Tat ca cac phuong phap thdm dinh chéo cac mo
hinh sinh khéi dugc viét Code va chay trong phan
mém ma nguén mé R. Cudi cung, sau khi lya chon
dang mo hinh, thdm dinh chéo va xac dinh duoc cac
sai s6 cta moé hinh lua chon, tham sé ctia mé hinh
lua chon duoc thiét 1ap dua vao toan bo dit lieu.

8. KET QUA VA THAO LUAN

3.1. Két qua so sanh va thdm dinh sai sd cac mo
hinh sinh khdi theo phuong phéap st dung dir lieu
doc lap

Két qua ap dung phuong phap stt dung dir lieu
doc lap dé lap va thdm dinh sai s6 cac mo hinh udc
tinh AGB voi céac bién doc 1ap khac nhau trinh bay
trong bang 2.

Bang 2. So sanh va thim dinh sai s ctia cic md hinh sinh khdi theo phurong phap sit dung dit liéu doc lap

Ma mé hinh | Dang mé hinh AIC | R Bias (%) | RMSE (%) | MAPE (%)

M1 AGB = ax DBHP 895 0,937 -14,7 447 30,8

M2 AGB = ax (DBFFH)? 892 0,943 -5,43 31,2 26,2

M3 AGB = ax DBHPWD 878 0,947 -11,8 40,0 24,8

M4 AGB = ax (DBEPHWD)® | 887 0,957 -6,0 26,0 21,9

M5 AGB =| 877 0,965 -2,0 23,7 18,7
ax (DBEFHWD)bx CA°

Ghi chu: R, ;, AIC duoc tinh tir 80% dix liéu doc Iap dé lap mo hinh; cdc sai so Bias, RMSE, MAPE duoc tinh tir
20% dir liéu ddnh gia duoc rit ngau nhién va doc Iap voi dir liéu Iap mo hinh.
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M& hinh M1
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Hinh 2. Dé thi quan hé gitra gia tri AGB du doan qua mé hinh véi AGB quan sat ctia 20% dit liéu rit ngau
nhién thdm dinh &oc 1ap. Trai: AGB = ax DBH? ; phai: AGB = ax(DBEFHWD)*CA

Cac gia tri du doan AGB tit cAc m6 hinh so véi
AGB quan sat caa 20% da lieu doc lap dung danh gia
sai s6 thé hién & Hinh 2.

Két qua nay cho thay khi ting s6 bién s6 tir mot
bién DBH lén lan luot dén bon bién s6 DBH, H, WD
va CA thi d6 tin cay ctia m6 hinh cang cao, AIC va
cac sai s6 déu giam dan. Sai s6 MAPE giam 12 % tir
mot bién 1én bon bién.

Phuong phap tham dinh sai s6 truyén thong st
dung dit lieu doc 1ap dé so sanh va thdm dinh sai s6

M6 hinh M5

Quan sat AGB (kq)

1000 1500 2000 250(

Duw doan AGB (kg)

0 500

mo6 hinh c6 han ché 1a sai s6 chi duoc xac dinh mot
1an cho mét bo dix lieu doc 1ap nhat dinh, vi vay sai s6
c6 thé khac di néu 4p dung theo mot bo dix lieu doc
lap khéc. Do d@6 né thuong khong cung cap chinh xac
sai s6 trong moi truong hop tmg dung. Vi vay cac
phuong phap thim dinh chéo cac mo hinh cin duoc
xem xét ap dung dé cung cap thong tin sai sé 6n dinh
clia cac mo hinh wéc tinh sinh khéi.

3.2. Két qua so sanh va thdm dinh chéo sai s6
cac mo6 hinh sinh khéi theo phuwong phap LOOCV

Bang 3. So sanh va thdm dinh chéo LOOCV cac mé hinh sinh khéi

Ma | Dang mé hinh AIC R%,q Bias (%) RMSE (%) MAPE (%)
mo
hinh
M1 | AGB =axDBH 1109 0,934 |-7,8 22,9 22,9
M2 | AGB = ax (DBEPH)? 1080 0,952 |-3,1 19,1 19,1
M3 | AGB = ax DBHP WD 1084 0,946 | -6,9 20,0 20,0
M4 | AGB = ax (DBEFHWD)? 1089 0,953 |-5,9 19,7 19,7
M5 | AGB =ax (DBEEHWD)x CA° | 1074 0,960 | 4,8 17,7 17,7
Ghi chu: I, AIC dwroc tinh tir n-1 dit liéu doc Iap; cdc sai s6 Bias, RMSE, MAPE diroc tinh trung binh n l4n tir
mot dir liéu rit doc Iap.
B _— S PR | ‘
AT ' ' ) ) - i -150 -100 -50 o
-250 =150 -50 (s} 50

Bias md hinh M1

Bias md hinh M5

Hinh 3. Phan bé tin sd Bias ctia hai mé hinh AGB theo phirong phap LOOCV

Cac két qua minh hoa cho lap va thdm dinh cac
mo hinh AGB theo phuong phap LOOCV duoc téng
hop trong bang 3. Két qua nay cho thdy moé hinh bén
bién (DBH?HWD va CA) c6 do tin cay cao nhat (AIC
bé nhat hon va R? cao nhat) va cac sai sé6 déu nhé

NONG NGHIEP VA PHAT TRIEN NONG THON - KY 1 - THANG 3/2017

hon cac mo6 hinh AGB chi véi mot bién s6 DBH hoic
hai bién s6 DBH?H hoac DBH"WD. Véi phuong phap
nay MAPE chi giam 5% khi di tir mot bién s6 lén 4
bién s6 doc lap va coé su khac biét voi phuong phap
danh gia sir dung dix lieu doc 1ap & trén day.
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Hinh 3 cho thdy phan bé Bias ctia hai mé hinh
M1 va M5 duoc thdm dinh theo phuong phap
LOOCYV c¢6 xu huéng léch phai va chua tiém can
chuén. Pay 1a nhuoc diém ctia phuong phap thim
dinh chéo LOOCYV, do chi tinh sai s6 ctia titng ca thé
trong mot 14n thdm dinh, trong khi do trong thuc té
dé sai s6 tiém can chudn thi mdi 1an rat mau danh gia
can c6 s6 mau du lon. Diéu nay ciing 1a han ché cta
phuong phap LOOCYV trong tmg dung, vi trong thuc
té sai s6 khong tinh cho timg c4 thé ma cho mot 6
mau, hoac 1am phan.

3.3. Két qua so sanh va thdm dinh chéo sai s6
cac mé hinh sinh khdi theo phuong phap k-fold

Cac két qua minh hoa cho 1ap va thdm dinh chéo
cac mo hinh AGB theo phuong phap k-fold dugc tong
hop trong bang 4.

Két qua 4p dung phuong phap thim dinh chéo k-
fold 1a déng nhét véi LOOCV & trén, c6 nghia mo
hinh c6 bén bién s6 co do tin cay cao nhat va sai s6
bé nhat, bién dong MAPE ciing twong dong nhu khi
ap dung phuong phap LOOCV.

Béng 4. So sanh va thidm dinh chéo k-fold cdc mé hinh sinh khéi

Ma mo6 hinh | Dang mé hinh AIC R%4 Bias (%) | RMSE (%) | MAPE (%)
M1 AGB = ax DBH? 1008 | 0,933 7,9 33,1 22,9
M2 AGB = ax (DBEFH)® 1001 | 0,934 -4,0 28,0 21,5
M3 AGB = ax DBHP WD 985 | 0,945 -6,8 29,3 20,0
M4 AGB = ax (DBHPHWD)? 990 | 0,953 -5,7 26,6 19,7
M5 AGB = ax (DBEFHWD)*4CA° | 978 | 0,960 -4,7 24,4 17,6
Ghi chi: I, AIC duoc tinh tir k-1 phan dir liéu doc lap; cdc sai sé Bias, RMSE, MAPE duroc tinh trung binh k =
1074n.
MS hinh M1
‘8 g é 4000
S o 2
g I T T T T T 1 -
20 -15 -10 -5 0 5 10 5
Bias (%) md hinh M1 o 1000 Du.zcc’-ggn AGBBDL;IEQ) 4000 500¢
ME hinh M5
8=

-15 -10 -5 o] 5 10

Bias (%) md hinh M5

-26 -20

5] 2000 4000
D doan AGB (kg)

Hinh 4. Phan bé tin s6 Bias (trai) va gia tri de doan qua mé hinh so véi dit liéu danh gia doc lap (phai)
cuia phuong phap k-fold (k=10) cho hai m6 hinh M1 va M5

Hinh 4 chi ra phan b6 Bias ctia hai mé hinh duoc
thdm dinh chéo theo phuong phap kifold c6 nhép
nho nhiéu dinh va chua tiém can chuén.

bay la nhuoc diém ctia phuong phap tham dinh
chéo k-fold, do s6 1an lai kha nhé (k = 10).
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3.4. Két qua so sanh va thdm dinh chéo sai s6
cac mo hinh sinh khdi theo phuong phap Monte
Carlo

Céc két qua minh hoa cho 1ap va thdm dinh chéo
cac mo hinh AGB theo phuong phap Monte Carlo
duoc téng hop trong bang 5.
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Bang 5. So sanh va thim dinh chéo cac mé hinh sinh khdi theo phuong phap Monte Carlo

Ma mo hinh | Dang mo6 hinh AIC | R% Bias %) | RMSE (%) | MAPE (%)
M1 AGB = ax DBH® 899 | 0,933 7,0 33,1 22,1
M2 AGB = ax (DBEPH)? 892 | 0,936 4,1 28,7 21,1
M3 AGB = ax DBHPWD 876 | 0,944 7,1 30,9 19,9
M4 AGB = ax (DBEFHWD)? | 881 | 0,952 -6,0 27,4 19,7
M5 AGB = ax (DBEEFHWD)*aCA° | 872 | 0,959 4.8 26,0 17,9

Ghi chu: I, AIC diroc tinh tir 80% dir liéu rit ngdu nhién; cdc sai sé Bias, RMSE, MAPE diroc tinh tir 20% dir
liéu dinh gid diroc rit ngau nhién, doc Iap va tinh trung binh tir 200 Iin Ip lai
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‘ |l

' T T T ]
-30 20 -10 o 10
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0

I || 1 I 1
' T 1 1 1
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Hinh 5. Phan bé tin s6 Bias (trai) va gia tri de doan qua mé hinh so véi dit liéu danh gia doc lap (phai)
theo phuong phap Monte Carlo ctia hai mé hinh M1 va M5

Tuong tu cac phuong phap trén, mé hinh té hop
ba bién DBH*HWD cuing v6i bién CA c6 d6 tin cay
cao nhat (AIC bé nhat va R? cao nhit) va cac sai s6
déu nho hon so v6i moé hinh it bién s6 doc lap hon.
Két qua sai s6 khi 4p dung phuong phap thdm dinh
chéo Monte Carlo 1a kha dong nhat véi cac phuong
phap LOOCYV va k-fold da gi6i thiéu & trén. Hinh 5
cho thdy phan bé Bias cia hai mo hinh duwoc thim
dinh chéo theo phuong phap Monte Carlo véi 200 1an
lap lai da tiém can chudn; dic biét 1a mo hinh cé ba
bién s6 t6 hop DBH?HWD ciing vé6i bién CA. Vi vay
phuong phap Monte Carlo c6 thé xem da cung cap
sai s6 6n dinh va khach quan ctia moé hinh woc tinh
sinh khéi so véi cac phuong phap thdm dinh chéo
khéac noéi ¢ trén.

Tién hanh tdng hop két qua tham dinh chéo sai s6
md hinh sinh khéi t6t nhat AGB = ax (DBEFHWD)?
x CA° theo bon phuong phap khac nhau & bang 6.

NONG NGHIEP VA PHAT TRIEN NONG THON - KY 1 - THANG 3/2017

Bang 6. Téng hop két qua thdm dinh chéo mo
hinh lia chon AGB = ax (DBEFHWD)? x CA° theo cac

phuong phap khac nhau

Phuong phap thdm dinh mo hinh
Chi tieu | Dt lieu | LOOCV | k- Monte
t}},dng ke, sai | doc fold | Carlo
s0 lap
AIC 877 1074 978 872
R 0,965 0,960 0,960 | 0,959
Bias (%) -2,0 4,8 4,7 -4,8
RMSE %) | 23,7 17,7 244 | 26,0
MAPE %) |187 |17,7 [17,6 |17,9

T bang 6 cho thdy néu ldy két qua theo Monte
Carlo 1am chudn (vi c6 sai s6 6n dinh va phan bo
chudn), thi sai s6 cung cap theo phuong phap k-fold
la kha tuong dong, tuy nhién k-fold cho sai s6 chua
c6 phan b6 chuin. Trong khi d6 hai phuong phap
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dung dit lieu doc 1ap hoac LOOCV ¢ sai lech sai s6
RMSE kha lon so v6i phwong phap Monte Carlo va
c6 phan bd sai so6 sai léch chuén. Vi vay phuong phap
Monte Carlo dung thdm dinh chéo cac mo hinh sé
cung cap sai s6 on dinh, khach quan khi s6 1an lap da
16m 1a 200 1an. Da thtr nghiém thay déi s6 lan lip lai
trong phuong phap Monte Carlo dé thdm dinh chéo
md hinh t6t nhat AGB = ax (DBEFHWD) x CA° duoc
lap theo phuong phap phi tuyén Maximum
Likelihood c6 trong so; s6 1an lap R thay ddi tir 50,
100, 200, 300 va 500. Két qua & bang 7 cho thdy véi R
= 50 tré lén thi cac chi tiéu théng ké ctia mo hinh

(AIC, R%;) va cac sai s6 Bias, RMSE, MAPE da 6n
dinh, khong c6 sy khac biét khi R tang dén 500 lan.

Tuy nhién xét thém phéan bo ctia Bias & Hinh 6
thi voi R=50 va 100 phan b6 c6 nhiéu dinh, chi khi R
> 200 lan dang phan bé ctia Bias méi tiém can chuén.

Vi vay stt dung thdm dinh chéo theo Monte
Carlo voi R = 200 lan 1a hop ly, cung cip sai s6 6n
dinh va c6 phan b6 chudn; két qua nay phu hop véi
nghién cttu cia Temesgen et al, (2014) va Huy et al,
(2016a,b). Khong nhat thiét 1ap lai qua lon (R = 500
lan) nhu Zhang (1997) dé nghi.

Bang 7. So sanh cac chi tieu thong ke, sai s6 thdm dinh chéo mo6 hinh lwa chon AGB = ax (DBEFHWD)x CA°
theo phuong phap Monte Carlo véi s6 14n lip lai R khac nhau

Chi tieu thong ke, sai s6 | S6 lan lap R ctia phuong phap tham dinh chéo Monte Carlo

50 100 200 300 500
AIC 873 871 872 870 870
R%; 0,960 0,959 0,959 0,959 0,959
Bias (%) -3,8 4,5 4,8 4,7 4,8
RMSE (%) 24,3 24,9 26,0 26,0 25,3
MAPE (%) 17,1 17,4 17,9 17,8 17,8

Ghi chu: I, AIC diroc tinh tir 80% dir liéu rit ngau nhién; cdc sai sé Bias, RMSE, MAPE diroc tinh tir 20% dir
liéu dinh gid diroc riit ngau nhién, doc Iap va tinh trung binh tir R Ién lai
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Hinh 6. Phan bé Bias ctia mé hinh AGB = ax (DBEEHWD)?x CA° theo phuong phap tham dinh chéo
Monte Carlo véi sé 14n lip R khac nhau

Sau khi thim dinh duoc sai s, tién hanh 1ap mo
hinh sinh khéi véi toan bd dat lieu va cac chi tiéu
thong ké ctia mo hinh (AIC, R%,,;); sai s6 MAPE cta

cac mo hinh duoc lua chon vi 6n dinh nhat va duogc
14y tir két qua ap dung phuong phap Monte Carlo voi
R=20014anlap (Bang 8).

Bang 8. Két qua udc lugng cac mo hinh sinh khéi tir toan bé di lieu va sai sd tir thdm dinh chéo

theo phuong phap Monte Carlo
Ma mo M6 hinh Trong s6 AIC R%y | MAPE
hinh (Weight) (%)
M1 AGB = 0,10959x DBHE#71%2 1/DBH* 1119 | 0,934 22,1
M2 AGB = 267.35155x (DBHP H)%6577 1/DBH* 1110 | 0,939 21,1
M3 AGB = 0,19574x DBEF#WD 1/DBH* 1093 | 0,948 199
M4 AGB = 0,59164x (DBH°HWD)"*%> 1/DBH 1090 | 0,954 | 19,7
M5 AGB = 0,613816x (DBEPHWD)"***x CA****% | 1/ (DBFFHWD)* | 1084 | 0,960 | 17,9

Ghi chu: Mo hinh va cdc chi tiéu AIC, R, ; duoc thiét Iap tu toan bo dir li¢u, sai so MAPE duwoc 1dy tir két qua
ciia phuong phap Monte Carlo voi R = 200 Ian; k Ia hé s6 cia ham phuong sai: P-value cua cdc tham s6

<0,0001.
4. KET LUAN

Céc phuong phéap thdm dinh chéo da hé tro cho
lra chon mé hinh va xac dinh dung céc sai s6 so voi
phuong phép truyén thong la sit dung mot bo dit lieu
doc lap dé danh gia mo hinh.

Trong d6 phwong phap thdm dinh chéo cla
Monter Carlo phan chia dix liéu ngau nhién thanh hai
phan: 80% dit liéu dé 1ap mo hinh va 20% di lieu dé
thdm dinh sai s6, duoc lap lai 200 1an 1a thich hop
nhat, cung cap sai s6 cac mo hinh én dinh va c6 phan
bo chudn.

Trong vung sinh thai Nam Trung b, mé hinh
udc tinh sinh khéi cay ring trén mat dat duoc lua
chon gébm bon bién doc lap theo dang AGB =
ax (DBEFHWD)x CA° v6i sai s6 MAPE trung binh
ctia 200 lan thAm dinh chéo theo phuong phap Monte
Carlo 1a 17,9%.
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CROSS VALIDATION METHODS OF ABOVEGROUND BIOMASS EQUATIONS

Bao Huy

Summary

The models used to estimate biomass and report CO, equivalent from forests under in REDD+ (reducing
emissions from deforestation and forest degradation programme) should indicate the reliability and their
uncertainty, therefore selected biomass equations were validated for their predictive abilities using data
collected from destructively sampled 110 trees of the evergreen broadleaf forests of the South Central Coastal
region of Viet Nam. Different power models that used diameter at breast height (DBH), tree height (H), wood
density (WD), and crown area (CA) as covariates to predict tree aboveground biomass (AGB) were evaluated.
Four methods of cross validation were performed: one round of conventional validation, Leave-One-Out
(LOOCYV), kfold and Monte Carlo. In these methods, Monte Carlo was most appropriate to provide stable
cross-validation statistics and normal error distribution. Monte Carlo cross-validation statistics of percent bias,
root mean square percentage error (RMPE %), and mean absolute percent error (MAPE) were computed by
randomly splitting data 200 times into model development (80%) and validation (20%) datasets and averaging
over the 200 realizations. Best model was selected based on the coefficient of determination (R?), the Akaike
information criterion (AIC). AGB was strongly related to four covariates - DBH, H, WD, and CA. Accuracy of
the selected model (AGB = ax (DBEFHWD)*x CA°) had the lowest MAPE of 17.9 percent.

Keywords: AGB, biomass equation, cross validation, k-fold, LOOCV, Monte Carlo.
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