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ABSTRACT

One of the main purposes of environemtal modelling is to do spatial and
temporal predictions for the values of environmental varaiables over a
study site. The environmental models are often developed based on
measured data, (inter) relations between environmental variables, and the
nature of underlying environmetal processes. In this study, the model for
predicting nitrous oxide (N;O) emission was applied with a case study
from natural areas of Finland. The prediction outcomes could be affected
by errors in calibration data and model’s inputs. Uncertainty
quantification in the form of a probability distribution function was used
and the Monte Carlo approach was applied for uncertainty propagation
analysis. The results show that the prediction of N.O emission in average
ranged from 0.4 to 3.1 kgN/ha/year over the natural areas of Finland. The
standard deviation of the predition values over the study area varied from
0.1 to 5.5 kgN/ha/vear. This interval quantified the uncertainty about the
predition outcomes of N>O from the model used for the natural areas in
Finland.

TOM TAT

Muc dich cua cac mé hinh moi truong la nham dw doan gid tri cua cdc
bién méi truong va xu huwéng thay doi cia cdc gid tri ndy trong twong lai.
Cdc mé hinh méi trwong thuong dwoc phat trién sir dung cac dir liéu do
dac, dwa trén cdc moi twong quan giita cdc bién méi truong va cac dic
tinh cua cdac qua trinh moi truong. Trong nghién cuu nay, mo hinh dy
doan lwong phat thai khi dinito monoxid (N>O) dwoc dap dung trén khu vuc
ddt t nhién ciia Phan Lan. Két qua di dodn ciia mé hinh c6 kha ndng
khong chinh xdc do sai $6 tir cac di liéu do dac va dir liéu ngi suy duoc sw
dung dé diéu chinh mé hinh va lam div liéu dau vao cho mé hinh. Ham
phdn bé xdc sudt dwge dp dung trong nghién cieu nay dé dinh lwong tinh
khong chdc chan. Phuong phap Monte Carlo dwoc dp dung dé phan tich
sw lan truyén ciia tinh khéng chdc chdn dén két qua dau ra ciia mé hinh.
Két qua nghién ciru cho thay gia tri di dodn lwgng phat thai N>O nam
trong khoang 0,4 — 3,1 kgN/hecta/nam. Do léch chudn ciia gid tri dy dodn
nam trong khoang 0,1 — 5,5 kgN/hecta/nam. Day la két qua dinh hrong
tinh khéng chdc chan ciia két qud tir mé hinh dw dodn heong phdt thai N-O
cho khu viee te nhién ciia Phan Lan.
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1 GIOI THIEU

Céc nghién ciru moi truong di va dang tap
trung vao thuc hién viéc giam sat, danh gia va dy
bao tac dong cua cac tac nhan mdi truong, vi du
nhu cic tac nhan giy 6 nhiém c6 anh huéng dén
con ngudi va sinh vat. Nghién ctru vé sy phan b
trén bé mat khong gian cua cic tic nhan moi
truong doi hoi viéc sir dung cac phan tich khong
gian va mo hinh dia ly (Longley et al., 2006). Cac
két qua tir nhitng phan tich khong gian va cac mo
hinh dia Iy thuong khong phai 1a cac két qua chinh
xac do sai sO trong cac dit liéu diu vao cia mod
hinh va céc thong s6 ctia mé hinh. Céc sai sb trong
do dac, lfiy mau, ndi suy va thay ddi ty 1€ xich cua
dir lidu 1a cac nguyén nhan chinh gay ra sai s6 cho
cac dir lidu dau vao va cac théng s6 cia md hinh
(Brown & Heuvelink, 2007). Céac sai s6 nay dan
dén hau qua 1a sy khong chic chin vé cac két qua
du doan; va do do, 1a sy khong chic chin vé céc
tac dong ti€u cuc cla cac tac nhan modi trudong 1€n
con ngudi va sinh vat. Sy khong chéc chin nay cin
duoc dinh lwong va thong tin cho cic nha ra quyét
dinh dé ho c6 thé thuc hién mot cach ¢ hiéu qua
viéc lua chon hodc ra cac quyét dinh ¢6 lién quan
dén cac chién luge giam nhe hodc xir Iy ma c6 thé
¢6 tac dong 16n dén con nguoi va sinh vat.

Mot s6 phuong phap da duoc nghién ctru dé sir
dung cho viéc dinh luong tinh khong chic chin
trong cac phan tich khong gian va moé hinh dia ly
twong ung voi muc dich cua tung nghién ctu, tung
loai dir li¢u khong gian va cac dac trung thudce tinh
cua ching (Attoh-Okine va Ayyub, 2005; Longley
et al., 2006). Vi dy, Linkov va Burmistrov (2003)
nghién ctru tinh khong chic chan cia mé hinh, bao
g6m viéc xay dung vén dé, viéc thuc hién mé hinh
va lua chon cac thong $6, b?lng cach so sanh cac
két qua tir cac mo hinh khac nhau dugc phat trién
cho cting mot tac nhan méi truong, dé 1a nong do
phong xa hat nhan. Heuvelink ef al. (2007) dé nghi
phuong phap xéac sudt sir dung ham phan bd xac
suat (probability density function - pdf) dé biéu
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dién tinh khong chic chin vé gia tri cac bién moi
truong. Gan déy, cac y kién cia cac chuyén gia da
dugc sir dung dé dinh luong tinh khong chic chén
ctia su bién ddi trén bé mat khong gian ciia cac tinh
chat cua dit (Truong Ngoc Phuong va Heuvelink,
2013).

Trong nghién ctru nay, phuong phap xac suét
dugc ap dung, trong d6 tinh khong chic chan duogc
dinh lwong bang mot khoang gia tri xac sut, ma
bét ky su lap lai nao cua viéc udc tinh s€ cho ra
mot két qua mdi ma cha yéu 13 nim trong khodng
gia tri d6. Cac ngudn khac nhau gy nén su khong
chic chin ¢6 thé dugc phan loai thanh bdn nguén
chinh: (1) Su khong chac chin vé dir lidu dau vao;
(2) Su khong chic chan vé tham s6 mé hinh; (3) Su
khong chédc chan vé cdu trac mé hinh; va (4) Su
khong chic chin vé giai phap ky thuat (Heuvelink,
1998). Nghién ciru nay ciing tra 1i cau hoi lam thé
nao dinh lrong su lan truyén cua tinh khong chéc
chén tir dir liéu ddu vao va cac tham sd cia mod
hinh dén két qua ddu ra cia mo hinh 4p dung
phuong phap Monte Carlo.

2 PHUONG PHAP MONTE CARLO

Nguyén tic cua phuong phap Monte Carlo 1a
lién tuc lap lai viéc tinh toan Kkét qua cua mo hinh
v6i céc gid tri ddu vao duge lay mau ngdu nhién tir
cac phan bd xac sudt cua chung. Cac yéu to dau
vao c6 thé 1a cac dir liéu dau vao, cac thong sb cua
md hinh, céc sai s trong cAu tric ctia mo hinh. Cac
ket qua lap lai cia m6 hinh s&€ tao thanh mét tép
mau ngiu nhién ctia phan bd xac suat cua két qua
d4u ra. Phan tich théng ké mé ta tdp mau nay bang
cach tinh gia tri trung binh va do 1éch chuén (std)
cung cép gia tri dai dién cho mic d¢ khong chéc
chén vé két qua dau ra cia md hinh véi diéu kién 1a
kich thudc mau du 16n.

Hinh 1 trinh bay ba budc co ban dugc thuc hién
trong viéc phan tich tinh khong chic chin va sy lan
truyén tinh khong chic chin ap dung phuong phap
Monte Carlo.

Dinh lup’ng t’inh Dinh’luc_mrg tinh khong Pinh hgc,mg t’inh
khong chac chan cua chac chan cua cac khong chac chan cua Buse 1
dir liéu dau vao thong so ctia md hinh cau tric m6 hinh uoe
| I ]
v
Phuong phap Monte Carlo } Buée 2
|
v v i
Dinh lwong tinh khong DPinh lugng tinh khong chac )
Budce 3

chic chan thanh phan

chan cta két qua mo hinh

Hinh 1: Céc buéc trong phwong phap phan tich tinh khong chic chin
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3 UNG DUNG TRONG DU POAN
LUQNG PHAT THAI KHi N0 G CAC KHU
VUC TU NHIEN CUA PHAN LAN

Dé minh hoa cho viéc 4p dung phuong phép
Monte Carlo, truong hop nghién ciru st dung md
hinh hdi quy tuyén tinh dé du doan lugng phat xa
clia chat gay 6 nhiém khong khi dinito monooxit tir
dat (N2O - kgN/ha/nim) & khu vuc ty nhién cua
Phin Lan (Hinh 2) d& duoc chon. Pay 1a mot tiéu
md hinh cua mé hinh INTEGRATOR & Chau Au
(Reis et al., 2007). M6 hinh hoi quy tuyén tinh
(Phuong trinh 1) tinh todn lugng phat thai dinito
monoxit (N2O) tu dat nhu la mot ham cua nhiéu
yéu t6 moi truong, bao gdm ca cac bién khi hau
(lwong mua hang thang, nhiét d6 t6i thiéu), pH,
ham luong carbon hitu co, ham lugng nito ling
dong va cac loai thuc vat 6n dai.

Log(N20) = Bo + B1*P + B2*(Thang c6 T<0°C)
+ Bs*Log(Nia) + Ba*pH + Bs*Chiu co + Be™(thurc vat:
cdy on doi) 1)

Trong d6: B; 1a cac hé sb hdi quy; cac bién khi
hau gdm co: P 14 lwong mua trung binh hang thang
trong khoang thoi gian do (mm) va sb thang co
nhiét d6 t6i thiéu T<0°C trong khoang thoi gian do;
di lidu vé dat duoc st dung tir co sd dir liu WISE
& SPADE, lay gia tri trung binh trén 16p dat ¢ do
sau 0-20 cm: d6 pH-H,O (tat ca cac gia tri pH khac
nhau duoc chuyén dbi sang pH-H,O st dung ham
hoi quy) va ham lugng carbon hitu co (g/kg dat);
gi4 tri nito lang dong dugc ldy tir nguon dir ligu
cua Chuong trinh giam sat va danh gia ¢ Chau
Au (EMEP): Ny la luong nito ling dong
(kgN/ha/nim); thuc vat 6n d6i bao gdm: rimg rung
14, rimg 14 kim, tham thyc vat thip (bao gém cay
thach nam va co) va cac loai dat rimg. Noi suy
kriging hoi quy (Hengl ez al., 2007) duge str dung
dé 1ap ban d6 va dinh lugng tinh khong chic chén
cho céc bién dau vao ciia mo hinh, d6 1a pH va OC.
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Noi suy Kriging don gian dugc st dung cho gia tri
hoi quy thang du. Sy khong chic chin vé cac hé s6
hdi quy dwoc dinh lwong bang ham phan bd xac
sut. Phan tich sy lan truyén tinh khong chéc chin
duoc thuc hién thong qua phuong phap Monte
Carlo, trong d6 sy dong gop cua timg thong s dau
vao cling duoc tinh toan.

O 75 150 km
—

Hinh 2: Khu vue ty nhién é Phin Lan

4 KET QUA VA THAO LUAN
4.1 Tinh khéng chic chin vé pH

Hinh 3 trinh bay ban d6 mé phong pH (Hinh
3A) va gié tri d6 léch chuén ciia két qua mo phong
gia tri pH (Hinh 3B) trén khu vuc nghién ctru. Gia
tri mé phong pH trén toan bo khu vuc tu nhién &
Phan Lan khé thip ¢ murc axit, nam trong khoang
tir 1.5 dén 6. O day khong c6 xu hudng thay doi gia
tri pH theo cac chiéu huéng khong gian xac dinh.
D6 léch chuén cua gia trj pH cung cap thong tin
dinh lwong cua mirc d6 khong chic chéc vé cac gia
tri m6 phong ctua pH khi st dung md hinh ndi suy
Kriging hdi quy va céac gia tri pH tai cc vi tri dwoc
do dac. Gia tri dinh lugng tinh khong chic chén
nay nam trong khoang tir 0.2 dén 0.9.

Hinh 3: Két qua mé phéng gia tri pH (A) va dd 1éch chuén (B)
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4.2 Tinh khong chic chin ciia OC

Hinh 4 trinh bay ban d6 moé phong OC (Hinh
4A) va gia tri d6 léch chuin cua két qua mé phong
gia tri OC (Hinh 4B). Gia tri mé phong OC thay
dbi trong khoang gia tri rong 0 - 100 g OC/kg dat
trén toan bd khu vuc ty nhién & Phan Lan v6i muc
d6 phan tan 0 - 31 g OC/kg dat. Hinh 4 ciing cho
thdy ¢ nhimg khu vue ¢6 gia tri OC cao thi do
léch chuin clng cao; dleu nay c6 nghia la mrc
d6 khong chic chan vé cac gia tri mo phong nay
cling cao.

4.3 Tinh khong chic chin vé cic thong sb
ciia mo hinh

Phuong trinh 2 trinh bay két qua tinh toan cac
hé s6 cho mé hinh hdi quy tuyén tinh ma mé ta
nhitng mdi quan hé giira gia tri LogN,O va cac

0 75 150 km
—
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bién doc lap (nhu dwoc trinh bay & Phan 3). M6
hinh nay d@ dugc hi€u chinh boi b dir li€u cua
toan bo cac nude thanh vién ciia Cong dong chung
Chau Au.

Log(N,0) = 0.133 — 0.007*P + 1.537*(Thang
c6 T<0°C) + 0.497*Log(Ni) — 0.137*pH -
0.003*Chgy o + 0.056*(thwe vat: cdy on déi), R?
diéu chinh =0.2 (2)

Bang 1 cho thiy céc gia tri woc tinh cia tit ca
cac hé sb hoi quy va do léch chuén twong ung voi
ting hé s6. Do 1éch chuan nay 1a gia tri dinh luong
tinh khong chéc chin vé cac gia tri woc tinh cua
céac hé s6 hoi quy. Trong sb tat ca cac hé sd thi
tham s6 tu do va bién thuc vat: cdy on d6i co do
léch chuan cao so v&i gid tri uGe tinh cia hai hé
s6 nay.

Hinh 4: Két qua md phong OC (A) va d9 1éch chuin (B)

Bang 1: Gia tri wéc lwgng ciia cac hé so hoi quy
va mirc do phéan tan cia cac gia tri nay

% Gia tri Do léch Hé so
HE so P Y SR

’ woc tinh  chuan bién phan
Tham s6 tu do 0.133  0.563 4215
Luong mua -0.007  0.003 0.429
Thang c6 T<0°C 1.537  0.397 0.258
LogNiq 0.497  0.290 0.584
pH -0.137  0.062 0.448
ocC -0.003  0.001 0.292
Cay 6n doi 0.056  0.107 1.908
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4.4 Tinh khong chic chin vé két qua du
doan ciia mo hinh

Ban db gia tri do léch chudn cua két qua mo
phong N,O (Hinh 6B) cho thdy muc do cua su
phan tan cua gia tri du doan trung binh cua N,O
(Hinh 6A) 1a rat cao. Nhu vay, su khong chic chin
vé két qua dy doan la rat 16n & mot sé khu vue.
Trén khu vyc nghién ctu, gia tri du doan trung
binh ciia N,O bién ddi trong khoang 0,5 dén 3
kgN/hecta/nam, trong khi d6 gia tri do 1éch chuén
bién dbi trong khoang 0,1 — 5,5 kgN/hecta/ndm.
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Residual

0 75 150 km
—

Hinh 6: Két qua trung binh lwgng phat thai khi N2O (A) va d9 1éch chuin (B)

Trong Hinh 7, ta ¢ thé thdy tinh khong chic
chin cia md hinh hdi quy co ty 1& dong gop 16n
nhit vao két qua dinh lugng tinh khong chéc chin
ctia két qua dau ra cia mé hinh. Péng gbp ctia mod
hinh hdi quy 13 khoang 57,19%. Ty 1& déng gop
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cua OC ciing cao twong duong. pH c6 su dong gop
nhé nhit, chwa dén 1% tong gia tri dinh lwong tinh
khong chic chin vé két qua du doan N,O sir dung
mo hinh nhu phuong trinh 2.
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M5 hinh | 57.19%
pH 7| 0.69%
ocC | | | | | | 42.12%
0% 10% 20% 30% 40% 50% 60% 70%
Phan trim thanh phén
Hinh 7: Tinh khéng chic chin thanh phin
5 KET LUAN equations to case studies. Computers &

Thong qua nghlen clru nay, phuong phap dinh
luong tinh khong chic chén veé cac dir lidu dau vao
va cac thong so cia mo hinh d3 dwgc minh hoa;
trong do, tinh khong chic chin dugc dinh lugng
bang d6 léch chuin cia cac két qua mo phong.
Phuong phap Monter Carlo di dugc sir dung dé
phan tich sy lan truyén tinh khong chic chin thong
qua md hinh tir cic yéu t& dau vao cua mod hinh.
Day 1a phuong phép rat don gian vé mit nguyén
téc nhung lai rat hiéu qua.

Céc két qua chinh ciia nghién ctru nay cho thay:
(1) Cac mé hinh thdng ké di duogc st dung 1a phu
hop cho viéc dinh lwong tinh khéng chic chin vé
cac dit liéu ddu vao va cac thong sé cia mo hinh;
(2) Su khong chic chan vé wéc lugng gia tri phat
thai N,O duoc biéu dién béi d6 1éch chuan cuia két
qua du doan; gia tri dinh luong nay bién dél trén
khu vyc nghién ctru; (3) Sy khong chic chin vé mo
hinh hoi quy tuyén tinh (tirc 1a su khong chac chin
vé tham s6 mo hinh) 1a ngudn lan truyén quan
trong nhét dén két qua dinh luong sy khong chéic
chin vé két qua dy doan luong phat thai khi N,O tir
dat & Phan Lan.
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