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Tom Tat. Nghién ciru nay danh gia tac dong cua chudi sé liéu khi twong khai tao Ién két qua thu duoc khi
st dung ANN va héi quy tuyén tinh da bién dé mé phong luong bdc hoi tuan tai cac tram khi tugng Can
Tho va Nha Bé thude dong bang Nam Bo. Bai chudi s6 liéu khi twong thuc do cho cac yéu t6 khi tuong &
ca 2 tram da sb déu khong tuan theo phan bé chuan nén chudi sé liéu thé hién cac kich ban khac nhau da
dugc khai tao bang céac ky thuat Monte Carlo, Latin Hypercube véi mirc d6 chi tiét 5%, 10% va t phan vi
dua trén thong ké cu thé cua sé liéu thuc do. Két qua phan tich cho thay 2 phuong phap hoi quy tuyén tinh
da bién va ANN déu cho d6 chinh xac mé phong luong bdc hoi & mic cao (R > 0.93 hay R? > 0.87), trong
d6 cAu tric ANN véi 1 16p an c6 6 noron sir dung ham chuyén tansig la phu hop dé mé phong lwong béc
hoi cho ca 2 tram. Sy bién dong vé gia tri trung binh va d6 léch chuan trong két qua mé phong luong boc
hoi thay doi phu thudc nhiéu hon vao viéc chon mic chi tiét trong nac xac suét phan bd ciia cong téc khoi
tao so vai viec chon ky thuat khai tao. Trong mot s6 truong hop, két qua md phong lugng béc hoi bang
ANN c6 gia tri nho nhat mang dau am trong khi phuong phap hoi quy tuyén tinh da bién lai khong cé hién
twong nay.

Tir khda. md phong, bdc hoi, mang noron nhan tao (ANN), hdi quy tuyén tinh da bién, Monte Carlo, Latin
Hypercube

1. MO DAU

Béc hoi 1a mot qua trinh dong vai tro to 16n trong vong tuan hoan nu6c ty nhién, gop phan quan trong chi
phdi lugng nuéce ¢o thé khai thac, str dung cho cac hoat dong san Xuat va doi 30ng ctia con nguoi. Pac biét
trong béi canh bién doi khi hau toan cau dién ra ngay cang manh mé, luong that thoat hoi nudce tir mat dat
1a yéu t6 v cuing quan trong tac dong dén hién tugng kho han va cong tac san xuat ndng nghiép néi riéng.
O Viét Nam, anh huong cuia cac kich ban bién ddi khi hau cong bd nam 2016 da thé hién rd xu thé bién doi
cuc doan ctia mot sb yéu té khi hau véi tac dong tiéu cuc tiém nang dén san xuat va doi séng [1].

Trén thé gi6i da c6 kha nhiéu nghién ctu tap trung vao viéce xac dinh cac yéu tb khi trong quan trong nhét
can duoc dua vao tinh toan bdc hoi (hay bdc thoat hoi) va anh huéng cua ching tir viéc phan tich sé lidu
do dac tai céc hd nuoc [2, 3] hay tram khi twong [4, 5]. Nhiing nghién ctru nay dé xuét dugc mot s6 yéu to
quan trong nhu toc do gio, do a am tuong dbi, nhiét do khang khi, birc xa mat troi. Mot s6 diéu tra con chi ra
rang mue do quan trong cua mdi yéu tb khi hau anh hudng dén téc do bdc hoi co thé thay dbi phu thudc
vao nhiing diéu kién dia ly dic thd nhu gitra vang khi hiu 6n déi va ving xich dao [6].

Bén canh viéc nam bit dugc tam quan trong cua cac yéu té khi hau khac nhau anh huong téi cuong do bbc
hoi trong thuc té, viéc udc luong va md phong chinh xac lugng béc hoi ludn 1a mot thach thire khong nhé.
Ngoai cac cach tiép can tinh toan phé bién hién nay nhu phuong phap hdi quy da bién, Mang noron nhén
tao (ANN) hién la mot trong nhitng cong cu khoa hoc tién tién thuoc mang hoc sau co tiém nang dé mo
phong - du bao. Cac cong trinh ve tng dung ANN da dugc cong b co dbi twong nghién ctu hét stc da
dang, trong d6 bao gom nhiéu hién tuong ty nhién c6 lién quan dén bdc thoat hoi [4, 5, 7, 8, 9]. O Viat
Nam, mét s6 tac gia ciing da nghién ciru viéc sir dung cdng nghé thong tin va ky thuat ANN dé phuc vu
diéu tra nhimg dic trung khi hau cho cac khu vuc khac nhau [10, 11, 12]. Bén canh d6, nhiéu két qua nghién
ctru ciing dd chung minh rang k§ thuat st dung trong mod phong c6 anh huéng dang ké dén do chinh xac
cua két qua [13, 14].

Céc ky thuat md phong nhu Monte Carlo 1a bo cong cu pho bién dé giai quyét nhiéu bai toan da chiéu ma
nhiéu khi rat khé co thé dugc giai quyet théa dang bang nhitng cach tiép can thong thuong. Kottegod va
cong su str dung lwong mua tir mot s6 tram do & nudc Y dé phét trién mot quy trinh co ban cho mé phéng
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Monte Carlo va md phong mét loat cac biéu d6 mua thyc t& phuc vu viéc mé rong dén mot 50 khu vuc
khong c6 tram do [15]. O Viét Nam, mé phong Monte Carlo ciing di duoc ung dung trong mét s6 linh vuc
nhu 1ap kich ban dé an xay dung [16] hay quan 1y d4t néng nghiép [17]. Trong mét nghién ciru khi tuong
thiy van, T6 Viét Thang va cong sy da su dung thanh cong phuong phap mé phong Monte-Carlo dé uac
luong dang phan phdi x&c xuat pho bién cua s lieu dong chay do dac dén mot s6 ho chira, tir d6 cho phép
tinh toén t6i wu viéc phan b6 ngudn nude cho hé thong hé thudce luu vire song Vu Gia - Thu Bon [18]. Khi
md phong chit lwong khong khi tai thanh phd Ho Chi Minh, tac gia Ho Québc Bing da sir dung ky thuat
Monte-Carlo va xac dinh mic sai s trong két qua mé phong chiém khoang 15% gia tri trung binh [19].
Véi da phat trién caa cudc cach mang cong nghiép 4.0 trén thé gidi, cac tng dung ANN ngay cang nhan
duogc sy quan tam 16n hon. Song ciing gidng nhu bat ky dang tri thdng minh nhan tao nao, do chinh xac cua
két qua md phong thu dugc tir loai ky thuat nay s€ phu thugc dang ké vao dic tinh sé lidu duoc cung cap.
Dé nam vitng muc tin cdy cua qua trinh md phong hién tuong, viée danh gia anh huong tir déc tinh so liéu
sir dung dén két qua md phong bdc hoi va mirc do bién thién trong két qua md phong bang ANN Ia mot
van dé hét strc hiru ich. Tuy nhién, theo nhu tac gia tim hiéu, day hién 13 van dé con chua dugc dé cap va
nghién ctiu k¥ trong cac diéu tra vé boc hoi ¢ nudc ta.

Nghién ciru ndy c6 muc tiéu danh gia tac dong caa chudi s6 liéu khi turong dén két qua thu dwoc tir viéc sir
dung ANN va hdi quy tuyén tinh da bién dé mé phong lugng béc hoi tai cac tram khi twong Can Tho va
Nha Beé thudc dong bang Nam Bo. Cac yéu t6 khi twong dugc lya chon trong md phong - vé mat ly thuyét
- déu c6 méi quan hé vat 1y vai qué trinh boc hoi. Bé khao sat cac cac kich ban s6 liéu khac nhau, qua trinh
khai tao s6 liéu da dugc hoan thanh véi ky thuat Monte Carlo va Latin Hypercube. Nhiing két qua thu duoc
da gop phan 1am rd thém hiéu qua hoat dong ciia mot sé phuong phap md phong trong nghién cuu luong
béc hoi, dic biét 1a uéc luong su bién thién trong két qua md phong s6 liéu khi twong cho cac muc dich
khéc nhau. Mo rong ra, két qua nghién ciru ciing c6 thé duoc bo sung vao kho tai liéu thyuc té dé cac nha
khoa hoc tham khao, can nhic thém trong cong tdc md phong - du bao khi hau phuc vu san xuét nong
nghiép va cac linh vyc lién quan.

2.SO LIEU VA PHUONG PHAP NGHIEN CUU
2.1 S6 ligu
Tram khi twong Nha Bé ¢ vung BDong Nam B9, c0 toa do dia ly: 106°43°41” Kinh d¢ Pong; 10°39°36” Vi
d6 Béc. Tram khi twong Can Tho & viing Tay Nam B9, ¢6 toa do dia ly: 105°46° 06.48” Kinh d6 Pong; 10°
01’ 36.85” Vi do Bic. Khoang cach theo dudng thing gitra 2 tram xap xi 130 km. Sé luong tram sir dung
& nghién ctru nay tuy con it nhung ciing phan nao dai dién cho 2 khu vuc dia Iy Pong va Tay Nam Bo nudc
ta.
Ca 2 tram déu c6 nhiém vu quan tric nhirng yéu t6 khi hau co ban va céac hién tuong thoi tiét. Sé liéu duoc
str dung trong bai bao nay 1a két qua quan tric cho cac yéu té khi hau caa cac tram khi twgng Can Tho va
Nha Bé duoc cung cip boi Dai khi twong Thity van khu vuc Nam Bo. B6 s6 liéu thuc do c6 d6 dai 4 nam
(1/1/2014 dén 31/12/2017) véi téng s6 207 tuin do. Theo mo ta cua co quan quan ly cac tram, cac thiét bj
sir dung dé do dac thdng sé nhu sau:

- Gié: do bang cot gié cao 12 m, may gié Vild.

- Béc hoi: do bang éng do bdc hoi Piche.

- Nhiét dé: do bing nhiét ké kho.
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Hinh 1. Vi tri hai tram khi twong Nha Bé va Can Tho ¢ khu vuc Nam Bo (Ngudn: Google map)

Nhiam dam bao d6 chinh xéac trong két qua khi sir dung cong cu ANN dé md phong, viéc kiém tra chat
lwgng ciia s6 ligu dau vao la rat quan trong. COng téc kiém tra s6 liéu truéc khi bat dau tinh toan da dwoc
thuc hién nham loai bo nhitng sé liéu khdng hop Iy (nhu mang gia tri am) c6 thé do nhiéu nguyén nhan
khach quan va chu quan khdc nhau gay ra (nhu khd nang c6 van dé truc trac vé thiét bi do thyuc dia). Nhung
s6 ligu khong hop ly nay néu khong duoc loai bo s& ¢6 anh husng 1am giam do tin cay trong két qua vi
ching khdng thé hién dang ban chat méi lién hé giita cac dai lugng vat ly dang xem xét.

S6 liéu thu thap cho cac tram da duoc kiém tra va khong thay xuat hién sé liéu khdng hop ly, chi c6 mot
vai s6 liéu mat duoc thay thé bang trung binh toan chudi sb liéu do trong suét thoi gian con lai cho cing
thong s6. Cho mdi yéu t khi hau, gié tri s6 liéu tuan 1a trung binh cong gia tri do cuia cac ngay trong tuan
cho yéu té d6. Tong sb tuan s lidu st dung da qua kiém tra 12 207.

2.2 Phwong phap nghién ctru

Dé thyc hién muc tiéu, nghién ciru da duoc tién hanh theo cac budc sau:

Budc 1: Panh gia hidu qua md phong dung cac phuong phap ANN va hoi quy tuyén tinh da bién cho bo di
liéu thuce do.

Téc gia da so sanh hiéu qua md phong cia phuwong phap c¢6 dién (hdi quy tuyén tinh da bién) va k§ thuat
méi (ANN) théng qua mic chinh xac (d6 1éch) gitra két qua mé phong bc hoi thu dugc va sé liéu béc hoi
thyc do. Cac bién dau vao phuc vu cho md phong 1a do am twong doi khong khi (%), nhiét do khong khi
(°C), téc do gié (mis), luong mua (mm) va bién dau ra 1a luong boc hoi (mm).

Dau tién, phuo‘ng phap hoi quy tuyen tinh da b1en duoc ap dung nham tim ra mbi twong quan tuyén tinh
gitra bo cac bién dau vao va bién dau ra cho sé liéu do giai doan 2014 - 2017 di mé ta trén. Trong do, h¢
s6 VIF (Variable Inflation Factors) duoc danh gia dé wde luong hién tuong da cong tuyén nham loai bo
hién tugng hai hoac nhiéu bién doc lap co twong quan cao véi nhau trong md hinh héi quy.

K¢ tiép, tac gia chay mo phong ANN trén cong cu Neural Network Toolbox cua phan mém Matlab
(MathWorks, Inc.) sir dung mang noron 1 dén 2 16p an voi tung ciu trlc c6 30 lugng noron trong moi 16p
an ctia ham chuyén tansig khac nhau. Mang noron dugc huan luyén st dung s6 lieu dau vao thuc do (tuan)
cho 2 tram khi twong giai doan 2014 - 2017. Céc s6 liéu da dugc phan mém Matlab lya chon ngau nhién
(mic dinh) theo ty 16 70% sb lwong mau dé phuc vu cho cac muc dich huin luyén mang, 15% cho xac nhan
tdng hop mang va tranh hién twong quéa ngudng, 15% cho viéc kiém tra doc 1ap. Trong nghién ciu ndy, cac
cau tric ANN déu sir dung thuat todn huan luyén Levenberg-Marquardt backpropagation (lan truyén nguoc)
va sb giai doan huan luyén téi da 1a 1000. Ham “tansig” duoc st dung trong céc 16p trung gian va ham dau
ra 14 “purelin”. Mang di qua huén luyén s& dugc dung dé wéc tinh luong bbe hoi sir dung chinh dit ligu
thuc do trong budc hoc. Gid tri hé s6 tuong quan R (muc lién h¢ gitra lugng bdc hoi thuc do va mé phong)
thu duoc tir cac cu tric ANN khac nhau dugc so sanh dé xac dinh cac méc thay dbi trong do chinh xéac
phu thudc vao do phtrc tap cia ANN sir dung.
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D¢ chinh xac trong m6 phong hién twong cua cac cau tric ANN khac nhau va hoi quy tuyén tinh da bién
dugc danh gia chu yeu bang hé so tuwong quan (R) gitra két qua mo phong va thuc do.

D ) "
- [ (59 |

trong do: yi - gia tri thyc do; 9i - gia tri mo phong; ¥ - trung binh cac gia tri thuc do; | - trung binh cac gia
tri md phong; k - tong s6 lugng cac gia tri; i - s6 thir tu gia tri.

Bude 2: Danh gia dang phan bo chi phdi cac yéu td khi hau va khoi tao bo so liéu mang dic tinh phan bd
ctia chudi sb lidu ban dau.

Trong kha nhiéu truong hop, vé mit ly thuyét cac yéu té khi hau nhu nhiét d6 thuong duoc gia thiét tuan
theo quy luat phan b chuan hay mot vai dang phan b phé bién khac. O nghién ctru nay, dé uée luong
dang phan bé phi hop nhat cho mdi yéu té khi hau tai 2 tram Nha Bé va Can Tho trén thuc té, tAc gia da sir
dung phan mém Minitab (Minitab, LLC) dé khao sat chudi s6 liéu thuc do tudn trong 4 nam. Phan b duoc
khao sat bao gom 14 dang phé bién sau: Chuan (Normal), Chuyén d6i Box-Cox (Box-Cox Transformation),
Log chuan (Lognormal), Log chuan 3 tham s6 (3-Parameter Lognormal), Mii (Exponential), Mii 2 tham s6
(2-Parameter Exponential), Weibull, Weibull 3 tham sb (3-Parameter Weibull), Gia trj cuc tiéu (Smallest
Extreme Value), Gia tri cuc dai (Largest Extreme Value), Gamma, Gamma 3 tham sb (3-Parameter
Gamma), Logistic, Loglogistic, Loglogistic 3 tham sb (3-Parameter Loglogistic), Chuyén ddi Johnson
(Johnson Transformation).

Bén canh s6 liéu khi tugng do dac, dé danh gia nhitng kich ban khi hau c6 thé xay ra, s6 liéu con duoc khoi
tao bang ky thuat khoi tao ngiu nhién 1a Monte Carlo va Latin Hypercube trén phan mém Crystal Ball
(Oracle, Inc.) can ctr vao dic diém phan bé cua mbi yéu té khi tugng sir dung céc xac suat phan b véi do
chi tiét khac nhau dua trén phan bé thu dugc tir 4p dung phan mém SPSS (IBM, Inc.). Diém khéc biét caa
phuong phap Latin Hypercube 1a phuong phap 1dy mau nay chia phan phdi xac suit gia dinh thanh cac
khoang xé&c suét bang nhau dan dén toan bo pham vi phan phéi dugc lay miu ddng déu hon so v6i phuong
phap lay mau Monte Carlo thdng thuong [20].

Dic diém phan bd (%) caa chudi 207 s6 liéu tuan thuc do gbe theo khoang gid tri cia chudi sb liéu thuc do
dugc khao sat trén phan mém SPSS vai cac xac suit phan bd 5%, 10%, tir phan vi (quartile). K& do, sb lidu
dugc khoi tao bang 2 ky thuat khoi tao ngau nhién 1a Monte Carlo va Latin Hypercube trén phan mém
Crystal Ball dua trén dic diém phan b vira tim duoc cua mdi yéu té khi tueong. S6 lugng gid tri khai tao 1a
50,000 diém (tuan) cho mdi tram khi twrong véi mdi yéu t6. Véi sb luong diém khoi tao khé 16n nay, cac
phuong 4n bién ddi trong t6 hop gia tri cac bién dau vao dugc tinh dén & mirc chi tiét va da dang hon.
Budc 3: Panh gia sy bién dong trong chudi két qua md phong khi sir dung céc loai bo s6 lidu dau vao thuc
do va khai tao.

Mang noron da qua huan luyén va cdng thic hdi quy tuyén tinh tim ra & budc trén duoc dung dé tinh gia
tri bién phu thudc vai dir liéu céc bién doc lap da khai tao bang nhiing thuat toan Monte Carlo va Latin
Hypercube. Muc bién dong vé gia tri trong két qua tinh tir cac phuong phap ANN va hdi quy tuyén tinh da
bién dugc danh gia cho cac kich ban st dung cac loai bo s6 liéu dau vao thuc do va khéi tao khac nhau.

3. KET QUA VA THAO LUAN
3.1 Hiéu qua mo phéng diing hai quy tuyén tinh da bién va ANN cho bd dir liéu thye do

3.1.1 Héi quy tuyén tinh da bién

Két qua phan tich hoi quy tuyen tinh da bién str dung phan mém SPSS cho mé phéng luong béc hoi (tuan)
tai hai tram khi twong duoc thé hién trong bang 1. Cac yéu t6 khi tuong dau vao qua kiém tra déu cho thay
¢6 mttc twong quan 1an nhau & muc cho phép (VIF < 10) nén khong yéu t nao bi loai ra khoi mé hinh. Do
chinh xac ciia mé hinh hdi quy tuyén tinh da bién thu dwoc cho ca hai tram déu & muc cao (tram Nha Bé
¢6 R = 0.952 hay R? = 0.906, tram Can Tho c6 R = 0.935 hay R? = 0.875).

Bang 1. Két qua phan tich hoi quy tuyén tinh da bién cho md phong lugng béc hoi
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Tram Yéu té He¢ sé hai Mikc y nghia R/RZciia | Mikc y nghia (Sig.) | VIF
quy khéng (Sig.) ciia hé sé md hinh cia mo hinh
chudn héa
D6 4m 16n nhét -0.425 0 3.307
D6 4m nho nhat -0.335 0 6.576
Tboc do gid trung binh 4.817 0 1.483
NhaBé | Nhiét do Ién nhat 1.279 0 0.952/0.906 <0.001 6.84
Nhiét do nho nhét -0.608 0.019 6.911
Tong lugng mua -0.015 0 1.549
Hang sb 47.247 0.000 -
Do am lon nhat -0.525 0 2.273
D6 am nho nhat -0.3 0 6.833
Tdc d6 gi6 trung binh 3.966 0 1.373
Can Tho | Nhiét d¢ l6n nhit 0.939 0 0.935/0.875 <0.001 7.234
Nhiét do nho nhét -0.541 0.012 5.509
Tong lugng mua -0.009 0.055 2.248
Hang s6 63.926 0.000 -
3.1.2 ANN

Téc gia da chay huan luyén ANN trén phan mém Matlab sir dung mang noron 1 dén 2 16p an vai ting cau
trdc 2, 4, 6, 8, 10, 12 va 14 noron trong mdi 16p 4n cua ham chuyén tansig. Pau tién, mang noron dugc
huan luyén sir dung s6 liéu dau vao thuc do (tuan) cho 2 tram khi twong giai doan 2014 - 2017. M&i mau
s6 liéu gom théng tin cua 6 yéu té dau vao giéng nhu & phuong phap hoi quy tuyén tinh da bién (xem bang
2) véi 1 yéu tb dau ra 1a luong bdc hoi ngay.

0.975
0.970
0.965
& 0.960
0.955
0.950
0.945

0 2 4 6 8 10 12 14 16

S6 noron trong 1ép an
=R cho cdu tric 1 1&p an Nha Bé = Rcho cdutric 2 I16p an Nha Bé
—=R cho cu tric 1 16p &n Can Tho -~ R cho cu tric 2 16p &n Can Tho

Hinh 2. Két qua md phong luong bbc hoi (tudn) sir dung cac cAu tric ANN khac nhau

Viéc md phong duoc tién hanh 1000 1an cho mdi t6 hop ciu trac ANN trong dé s lidu dau vao duoc phan
mém lya chon ngdu nhién theo ty 1¢ 70/15/15 twong tmg cho 3 budc huan luyén (training), kiém dinh
(validation) va kiém tra vai s6 liéu doc lap (test) Cho tirng cau tric ANN, lan chay cho gid tri 16n nhat ciia
hé s6 tuong quan R gitta gla tri mdé phong va thuc do (6 day R 1a Ran gop chung cho ca 3 bugc noi trén)
dugc ghi nhan. Mang qua huén luyén duoc ding dé uéce tinh lwong bdc hoi cho nhirng loai dit liéu khai tao
& budc ké tiép.

Két qua md phong luong bdc hoi bang ANN cho ca hai tram déu dat mic chinh xé&c cao (Rar > 0.94). Nhin
chung, cau tric ANN v&i 1 16p an ¢6 6 noron sir dung ham chuyén tansig Ia phi hop (Rai > 0.965) dé mo
phong lugng boc hoi (tuan) tai ca 2 tram Nha Bé va Can Tho vi khi tang thém s6 16p an va/hozc sé noron
trong mbi 16p an 1én cao hon nita thi hidu suit md phong (Rar) duoc cai thién khong dang ké. Biéu nay c6
thé quan sat duoc tir d6 déc cac duong dd thi gid tri R trong hinh 2. Nhin chung, d6 chinh xac trong md
phong thé hién qua gia tri R cia ANN déu cao hon so vai gia tri R ctia hoi quy tuyén tinh da bién ¢ ca hai
tram khi tugng dua vao nghién cuu.

140



Téc gia: Tran Tri Diing

3.2 Khéi tao s6 liéu bang ky thuat khéi tao ngau nhién

Tong sé ngay sb liéu thuc do hién truong chi gidi han trong 4 nam (1462 ngay hay 207 tuin). Do d6, dé
danh gia mirc bién dong trong két qua md phong dudi nhiéu kich ban khac nhau trong thuc té co thé xay
ra, viéc khoi tao sb liéu dau vao dé tao chudi dai hon nhiéu l1an 12 rat hitu ich va hiéu qua. Biéu nay con tro
nén dic biét quan trong hon trong bdi canh bién d6i khi hau hién nay khi ranh giéi chuyén mua thuong
xuyén bién d6i véi nhiéu yéu té khi hau.

Su hiéu biét vé dang phan b6 sé liéu cua cac yéu té khi hau 1a hét sic quan trong khi khai tao bo s lieu
ngau nhién (kich ban c6 thé xay ra) mai mang nhiing dic trung bién doi co ban cua bo sb liéu ban dau. Bé
phuc vu c¢6ng tac ndy, viéc danh gia dang phan bé chi phdi cac yéu t6 khi hau st dung s6 liéu do tuan duoc
thuc hién véi phan mém Minitab cho nhirng dang phan b phd bién nhat da mo ta trén. Cac yéu td dua vao
khao sat bao gom: Do am twong d6i khong khi (I6n nhat, nho nhat), Téng lwong bbc hoi, Te d6 gié trung
binh, Nhiét d6 khdng khi (I6n nhat, nho nhét), Téng lwong muwa. Két qua thu dugc thé hién trong bang 2.

Bang 2. Két qua danh gia dang phan bé cho cac yéu té khi hau (tuan) tai hai tram khi twong Can Tho va Nha Bé

Tén Trq[n N P c R P N P
Fa khi Phan bo phu hep nhat AD p Théng sé cia phan bo
yéu to firong
Nha Be& | Johnson Transformation 0.208 0.865 | Location =-0.03595; Scale = 0.96221
b6 am lon Johnson Transformation 0.228 0.809 | Location = 0.00382; Scale = 1.01134
nhat Can Tho | Weibull 0.412 >0.250 | Shape =39.30899; Scale = 93.24503
Smallest Extreme Value 0.408 >0.250 | Location =93.27730; Scale = 2.35266
b6 am Nha Be Johnson Transformation 0.313 0.546 Location = 0.05633; Scale = 1.10319
, £ a Be
nho nhat
Johnson Transformation 0.344 0.484 Location = -0.01289; Scale = 0.98340
Nha Bé 3-Parameter Weibull 2.103 0.102 Shape = 1.98703; Scale = 13.97951;
Téng Threshold = 7.94566
luong béc 3-Parameter Weibull 0.262 >0.500 | Shape =2.88330; Scale = 13.48495;
hoi Cin Tho Threshold = 7.10455
Box-Cox Transformation 0.406 0.348 Location = 4.34082; Scale = 0.52724
Normal 0.446 0.280 Location = 19.11932; Scale = 4.55940
Lognormal 0.372 0.417 | Location =0.11395; Scale = 0.33403
o NhaBe | Johnson Transformation 0.372 0.417 | Location = 0.00195; Scale = 0.94643
_T,Of do Box-Cox Transformation | 0.372 0.417 | Location = 0.11395; Scale = 0.33403
gl%":lrj]ng . Johnson Transformation 0.221 0.832 | Location = 0.01846; Scale = 1.00405
Can Tho | Box-Cox Transformation 0.319 0.533 Location = 0.31483; Scale = 0.25003
Lognormal 0.319 0.533 Location = 0.31483; Scale = 0.25003
Lognormal 0.421 0.321 Location = 3.49576; Scale = 0.04172
Nha Be Box-Cox Transformation 0.421 0.321 Location = 3.49576; Scale = 0.04172
Gamma 0.451 >0.250 | Shape =577.41404; Scale = 0.05716
Nhiét a6 Loglogistic 0.355 >0.250 | Location = 3.49538; Scale = 0.02366
Ién nhét Box-Cox Transformation 0.282 0.634 Location = 34412.47141; Scale = 4560.07916
Cin Tho Norfna_l 0.397 0.366 Locat!on = 32.46225; Scale = 1.45309
Logistic 0.190 >0.250 | Location = 32.49154; Scale = 0.81241
Loglogistic 0.277 >0.250 | Location = 3.48057; Scale = 0.02511
Nhiat do NhaBe | Johnson Transformation 0.269 0.678 Location = 0.02962; Scale = 1.06938
nhonhat | can Tho | Johnson Transformation 0.277 0.650 | Location =-0.04024; Scale = 0.97687

*Chu giai: bang chi thé hién cac yéu to khi hgu tuan theo mgt hay nhiéu dang phan bo (trong bang néu thng tin vé
3 phan bo ¢6 p cao nhar rwong img Véi yéu to ds) con cac yeu to khi hau con lai khong tuan theo dang phan bo nao
dat mirc ¢6 ¥ nghia vé mat thong ké.

Nhin chung, can cir vao thong ké AD (Anderson-Darling) va gia tri p cho kiém dinh mirc d6 phu hop
(goodness-of-fit test), nhitng dang phan b xuat hién nhiéu nhat trong viéc chi phéi cac yéu to khi hau la
Johnson Transformation, Box-Cox Transformation, Weibull va 3-Parameter Weibull. Phan b4 chuan c6
Xuét hién nhung chi & cdp do phi hop thap hon (p thip hon) so véi cac phan b khéc trong tat cac trudng
hop. Riéng téng lwong mura tai ca 2 tram lai khdng tuan theo bat ky phan b nao trong s 14 dang da dua
vao xem xét. Boi két qua cho thiy sé lidu khi twong caa rat nhidu yéu té khi hau tai 2 tram thuong khéng
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c6 chung mot dang phan b dac thi nhét nén tac gia da khong sir dung mot (hay vai) hinh thirc phan b6
chung nz}}o cho khai tao bo so liéu kich ban & bugc sau. Thay vao do, moi yeu to khi hau da duoc khao sat
cu thé dé tim ra phan bo dac thu cho riéng cho yéu to d6 nham phuc vu cho cong tac khai tao so6 liéu.

3.3 Panh gia sw bién dong trong chudi két qua mo phéng khi sir dung céc loai b s6 liéu dau vao thuc
do va khéi tao

Két qua mé phong ding mang noron nhan tao sau khi xét dén nhiing gia tri dic trung co ban ciia mdi tap
két qua md phong nhur gia tri trung binh, do léch chuan, gié tri I6n nhat (max), gia tri nho nhat (min) cho
phép ta di dén mot s6 nhan dinh sau:

- Gi4 tri trung binh trong két qua mé phong st dung cac bo sb liéu dau vao khéc nhau khong thé hién rd
quy luat bién doi khi xét chung cho ca hai tram (diu d6 chénh léch 16n nhat thuong xuét hién khi sir dung
b6 sé liéu khoi tao Tt phan vi), song do léch chuan trong két qua mé phong béc hoi sir dung cac bo sé liu
khai tao va s6 liéu gdc 1am dau vao thuong thap hon so voi do léch chuan thyc trong sé liéu boc hoi do dac
hién truong (goc). Khi cac xac suat phan bd vai do chi tiét tang dan (5%, 10%, Ta phan vi tic 25%) - & ca
2 phuong phap Monte Carlo va Latin Hypercube - két qua md phong luong bdc hoi déu ¢6 xu huéng c6 gia
tri trung binh ciing nhu d6 léch chuan tang dan. Nhiing khéac biét trén thé hién sy anh huong dén két qua
md phong tir nhitng bé s6 liéu dau vao khac nhau (tuc nhirng tinh hudng cé thé xay ra thu duoc nho khai
tao nham tang sb luong s6 lidu khao sat 1én).

- Gi4 tri 16n nhat trong két qua md phong str dung cac bo sb liéu dau vao khac nhau khong thé hién rd quy
luat bién ddi khi xét chung cho ca hai tram nhung ca 2 phuorng phap Monte Carlo va Latin Hypercube déu
¢6 xu huéng cho két qua md phong luong bdc hoi véi gia tri 16n nhat tang dan khi sir dung dit liéu khai tao
c6 cac xac suat phan b véi do chi tiét tang dan (5%, 10%, Tu phan vi) theo nic xac suat chia nho cho phép
trong phan mém Crystal Ball.

- Gid trj nho nhét trong két qua md phong lugng bdc hoi ¢6 xu huong thap hon khi sir dung cac bo s6 ligu
khai tao so vai khi st dung s6 liéu thue do gdc. Ngoai ra, két qua mo phong lugng bdc hoi voi gia tri nho
nhat thuong giam dan khi sir dung dix liéu khoi tao c6 cac xac suat phan bd véi do chi tiét tang dan.

- Két qua md phong lwong béc hoi theo tuan cé gia tri nho nhét (min) mang gia tri am (Ia gid tri lugng bdc
hoi khdng xay ra trén thuc té) - du gia tri tat ca sb liéu khoi tao déu khong am - da xuat hién ngay ca khi
gia tri Rai cta quéa trinh hoc khéa cao nho st dung céc cau tric ANN phirc tap hon (nhiéu noron trong 16p
an hon). Trong khi d6, mot s cau trac ANN don gian hon lai cho két qua khdng c6 gia tri am cua luong
bdc hoi nhod nhat vai cling bo sb liéu dau vao.

Cong tac kiém dinh su khac biét cho cac gid tri trung binh, do léch chuan , gié trj Ion nhat (max), gia tri nho
nhat (min) trong két qua md phong bbc hoi cho céc loai bo sé liéu dau vao gbc va khai tao khac nhau duoc
tién hanh sir dung kiém dinh Independent-Samples Kruskal-Wallis trén phan mém SPSS. Mdi méu dua vao
so sanh la cac gia tri md phong cho chi tiéu quan tam st dung tat ca cac cau trac ANN véi 12 16p 4n va
2+14 noron trong mdi lép an. Két qua tinh toan dugc tong két lai nhu mo ta dudgi day.

- Gid tri trung binh va d6 léch chuan cua nhirng gid tri béc hoi mé phong:

+ Tram Nha Bé: gia tri trung binh cua nhitng chudi két qua md phong béc hoi thu duoc khdng khéc nhau
dang ké vé mat thong ké. Tuy nhién do léch chuan cia chudi gia tri md phong vai cac nac xac suat phan b
5% va 10% bang ca 2 ky thuat khai tao ngau nhién (Monte Carlo va Latin Hypercube) déu khac biét dang
ké so v6i do léch chuan cua chudi sb lidu thuc do ban dau. DAu do Iéch chuan cuaa chudi két qua md phong
str dung s6 liéu khai tao véi nac x&c suat phan bé tir phan vi bang ca 2 ky thuat khoi tao khdng khac so voi
do léch chuan caa chudi md phong str dung nac xac suat phan bd 10% nhung lai khac dang ké vai nac xac
suit phan b 5%. Biéu nay cho thay nc chi tiét 5% c6 dau hiéu khac co ban véi tir phan vi vé tac dong 1én
chudi s liéu khai tao ddi vai ca 2 ki thuat khoi tao dang nghién ciru & tram ndy. Su khéc biét trong trung
binh va d6 léch chuan thé hién rd hon khi thay d6i do I6n cuia cap khai tao s6 liéu (nhu 5% qua 10% hay tir
phan vi) song lai khdng dang ké khi thay d6i phuong phap khai tao (chuyén tir str dung phuong phap Monte
Carlo qua Latin Hypercube).

+ Tram Can Tho: gié tri trung binh cua nhitng chudi ket qua mo phong béc hoi tur cac chudi khai tao déu
khac & muc c6 y nghia Ve mat thong ké véi trung binh s6 licu bdc hoi thuc do gbc ban dau va két qua mo
phong ANN chay truc tiép trén chudi cac yéu t6 khi twong gdc. Tuy nhién, két qua md phong béc hoi bang
ANN sir dung chudi s6 liéu khi trong thuc do lai khong khéc véi chudi béc hoi gc thuc do. Da sb gia tri
trung binh cua nhiing gia tri md phong tir cc chudi khai tao véi cac nac xac suat phan bd 5% va 10% déu
gidng nhau nhung lai khac vé& mat théng ké véi trung binh caa nhitng gié tri mé phong tir cac chudi khoi
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tao vGi nac xac suat phan b tir phan vi. g Iéch chuan cua chudi gié tri mod phong vei nic xac suit phan
b 5% bang ca 2 ky thuat khai tao ngau nhién (Monte Carlo va Latin Hypercube) | déu khéc biét dang ké so
vé6i @6 léch chuan cua két qua mé phong st dung céc s6 liéu thue do ban dau va sé liéu tir phan vi. Dau cac
d6 lech chuan caa chudi md phong st dung sb liéu khai tao voi nac xac suat phan bé tir phan vi bang ca 2
ky thuat khong khéc so vai do léch chuan cua chudi mé phong sir dung nac xac suat phan b 10% nhung
lai khac dang ké v&i nac xac suat phan bd 5%. Biéu nay cho thay viéc chon muc chi tiét 5% c6 dau hiéu
khéc co ban Vi tir phan vi vé mirc do tac dong 1én chudi s6 ligu khoi tao dbi voi ca 2 ky thuat khsi tao
dang nghién ciru cho b sé liéu & tram Can Tho. Su khac biét trong trung binh va do léch chuan thé hién ro
hon khi chuyén giita cac mac chinh xéac cua khoi tao s6 liéu (nhu 5% qua 10% hay tir phan vi) so véi khi
chuyén phuong phap khéi tao (chuyén tir sir dung phuong phap Monte Carlo qua Latin Hypercube).

- Gia tri 16n nhat va nho nhat cua nhing gia tri boc hoi mé phong:

+ Tram Nha Bé: da s6 gié tri on nhat va nho nhat cua nhiing gia tri bdc hoi mé phong tir cac chudi khai
tao déu khac & mirc ¢6 ¥ nghia vé mét thong ke vdi gi tri Ion nhat va nho nhat twong g cua so ligu thyc
do goc ban dau va két qua md phong chay truc tiép trén chudi cac yéu t6 khi tuong gbe. Tuy nhién, gia tri
I6n nhit va nho nhat cua két qua mod phong ANN sur dung chudi sé liéu cac yéu t6 khi tugng goc lai khong
khéc véi chudi s liéu bde hoi thuce do gdc. Do dic diém khoi tao nén tat ca cac gia tri I6n nhat va nho nhat
cua nhitng gi4 tri md phong tir cac chudi khai tao vai cac nac xac suat phan bd 5%, 10% va tir phan vi
duong nhién s& déu khong co su khac biét vé mit thong ké.

+ Tram Can Tho: da sb gia tri 16n nhat va nho nhat caa nhitng gia tri md phong tir cac chudi khai tao déu

khdc & mic co ¥ nghia vé mat thong ké vai gid tri 16n nhat va nho nhat twong ing cua s6 liéu béc hoi do
goc ban dau va két qua md phong chay truc tiép chudi s liu cac yéu td khi tuong gbc. Tuy vay, gia tri lon
nhit va nho nhat caa két qua md phong ANN st dung chudi s lidu cac yéu t6 khi tuong do goc lai khong
khéc véi chudi bdc hoi do goc. Do dic diém khoi tao nén tat ca cac gia tri Ion nhat va nho nhat trung binh
cua nhitng gi4 tri md phong tir cac chudi khai tao vai cac nac xac suat phan bd 5%, 10% va tir phan vi
duong nhién s& déu khdng c6 sy khac biét & muc co y nghia.
Két qua md phong lugng boc hoi ding phuong phap hoi quy tuyén tinh da bién véi cac loai chudi sd ligu
khéc nhau (bang 3) cho thay xu thé hoi tu quanh gia tri trung binh trong ket qua md phong voi da s6 bo sb
liéu khoi tao cao hon so vai khi sir dung sé liéu cac yéu té khi tuong gdc (do lech chuan nho hon trong
10/12 trudng hop). DU gié tri trung binh trong két qua md phong bdc hoi khdng khac nhau nhiéu nhung két
qua thu dugc khi sir dung bo s6 lidu khoi tao van thuong cao hon so véi két qua md phong sir dung sé liéu
cac yéu t6 khi twong goc. Mot diém dic biét khac véi két qua boc hoi md phong st dung ANN 12 gia tri két
qua nhé nhat tir phuong phap hoi quy tuyén tinh da bién khong thiy xuét hién gié tri lwong béc hoi am.

Bang 3. Két qua md phong lwong bdc hoi ding hdi quy tuyén tinh da bién vai cac loai chudi s liu khoi tao

Bién déng trong két qua md phéng lirong béc hoi

Tram (gié tri trung binh / d$ léch chudn / max / min) theo logi sé ligu ddu vao
khi JE S6 liéu khai tao Monte Carlo So liéu khai tgo Latin Hypercube
So liéu ~ oha ~oha
moNg | thie do 5% 10% Tet phan 5% 10% Tie phan
: vi vi
20.33/ 20.32/ 20.35/ 20.58 / 20.33/ 20.35/ 20.53/
Nha B 6.23/ 421/ 439/ 5.02/ 4.20/ 4.39/ 5.03/
36.05/ 37.89/ 38.04/ 39.09/ 38.32/ 39.02/ 40.95/
8.82 5.36 3.91 2.82 5.08 3.46 2.80
‘ 1910/ | 1915/ | 1926/ | 1970/ | 1947/ | 1927/ | 19.67/
Cin 4.271 3.60/ 3.84/ 454 | 361/ 3.84/ 451/
Tho 28.30/ 35.79/ 34.48/ 38.77/ 38.36/ 37.02/ 38.13/
6.59 5.55 5.13 4.54 6.15 5.82 433

*Chugidi: “Thuwe do” la ket qua cho 207 tuan so lieu thue do; 5%, “10%”, “Tirphanvi” la cac ket qua cho 50.000
tuan so liéu khéi tao.
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3.4 Thao luan

ANN 1a phuong phap c6 rat nhiéu wu diém vuot troi da duoc chang minh trong thuc tién. Trong mot sb
nghién ctru di duogc cong bd [21, 22, 23, 24], két qua mo phong hoi quy tuyén tinh da bién thuong c6 do
chinh x&c thé hién qua gia tri he s6 trong quan R thip hon so véi khi &p dung ANN. Tuy nhién & nghién
ctiru ndy, su khac biét vé do chinh xéac trong mo phong gitra 2 phuong phap lai kha nho (R = 0.952 hay R?
=0.906 6 ANN so vdi R =0.935 hay R? = 0.875 ¢ hoi quy da blen) Diéu nay xay ra c6 kha ning do luong
thdng tin giira cAc bién dau vao va bién dau ra thuan tién dé thé hién bang ham tuyén tinh don gian, hay noi
khac di kha ning mo phong tét cac ham phi tuyén ciia ANN c6 thé da khong co nhiéu tac dung dé tao sy
khac biét voi bo thong s6 mang dic trung vira néu. Gid tri hé sé twong quan kha gléng nhau khéng boc 16
day du wu diém vé do chinh xéac cta phuong phép st dung trong mo phéng vi két qua da bi chi phdi kha
nhiéu béi d6 phirc tap cia mdi quan hé giira cac bién. Pay c6 18 1a diém nén dugc can nhic diéu tra k§ thém
trong cac nghién cuu tuong lai khi danh gia hiéu qua cua viéc sir dung ANN & bdi canh cu thé, bén canh
mét s6 han ché hién con ton tai cia phuong phap nay nhu khong (hay bi giéi han) tinh ning cung Cap moi
lién hé (ham sé) dudi dang cong thuc lién hé tuong minh hay giai thich quan h¢ giira cac thong sb, van dé
qué ngudng [23] so voi cac phuong phap pho bién hién nay.

Qua diéu tra, cau tric ANN véi 1 16p an ¢6 6 noron sir dung ham chuyen tansig la pht hop dé md phong
luong bdc hoi cho 2 tram dua vao khao sat. Theo tac gia dwoc biét, s6 16p an cing s6 luong noron trong
I6p an cling nhu ham chuyen ti wu dé dat hiéu suat md phong cao, tranh hién twong qua ngudng van lubn
la mdi quan tim hang dau cua cac nha khoa hoc khi sir dung ANN dé mé phong cac hién tuong tu nhién.
Két qua 6 noron trong 16p 4n thu duoc 13 s6 lugng noron it hon két qua tuong tu cia Abudu va cong su [5],
Abhishek va cong su [14], nhung van cao hon ciia Nezhad va cong su [25]. Tuy nhién, so sanh trén chi 1a
tuong ddi bai tinh khong dong nhat ngay trong s liéu dau vao va kha ning cac diéu kién bién tac dong toi
qué trinh hoc va mé phong.

Mot két qua quan trong khac thu dugc tir nghién ciru ndy 1a dau ring c6 hé sb twong quan gitra két qua thyc
do va md phong cao nhung ANN lai cho két qua md phong lwong bdc hoi thip nhat mang gié tri am. Do la
mot diéu khong thé xay ra trong thuc té. Hon nita, hai tram khi twong Can Tho va Nha Bé cach xa nhau
hon 130 km (theo dudng thing) cé thé dai dién cho hai viing khac nhau vé mat khdng gian song két qua
md phong dung ANN cuia chung ciing déu thdy xuét hién két qua md phong 4m. Tuy nhién, diéu nay da
khong xay ra véi két qua md phong dung hdi quy tuyén tinh da bién vai ciing cac bo sb liéu khai tao. Trén
phwong dién wng dung, su hop ly cua két qua vé mit y nghia vat ly 14 rit quan trong va day 1a diém céan
duoc quan tam nghién ctu thém khi st dung ANN dé mo phong hay du béo sé liéu khi hau ding sé liéu
khai tao.

Gia thiét s liéu tuan theo phan bé chuén hay duoc ap dung trong thuc té phan tich sé liéu khdng phu hop
vai chudi s liéu thuc do tuan ¢ 2 tram khi tuogng Nha Bé va Can Tho. Két qua phan tich cho thay phan Ién
chudi sb liéu cua cac yéu td khi hau (tuan) dua vao xem xét & 2 tram gan nhu khéng tuan theo phan b
chuan va céc dang phan b xuit hién nhiéu nhit 1a Johnson Transformation, Box-Cox Transformation,
Weibull va 3-Parameter Weibull. Cac két luan trén phu hop vé mat y tuéng véi nhan dinh caa Lloyd khi
tac gia nay tim ra dang phan bé la log-normal cho tong lugng mua trong nghién ciru caa minh [026] hay
Alcantara va Ahn khi nhan xét vé cac dang phan b cia lugng muwa ngay & Han Qudc la Pearson loai 111,
Weibull, Gamma [27].

Uu diém cua viéc khai tao so liéu dé danh gia cac kich ban khi hau ciing nhu muc bién thién trong két qua
mo phong phu thudc s6 liéu dau vao la rét lon. Dléu do con déc biét ding hon véi nhu cau danh gia da kich
ban khi bai toan moé phong phu:c tap str dung s6 lugng nhiéu cac bién s6 thay ddi lién tuc theo khong gian
va thoi gian. O nghién ciru nay, gié tri trung binh cua nhitng gia tri m6 phong béc hoi st dung cac bo s6
liéu khai tao khong khac nhau & mire ¢6 ¥ nghia vé mat thong ké nhung lai khac véi trung binh s liu thuc
do gdc ban dau va két qua mé phong chay truc tiép trén chudi s6 liéu cac yéu t6 khi tuong goc. Tuy nhién,
dau do léch chuan caa chudi mé phong sir dung s6 liéu khai tao véi xac suat phan bé tir phan vi bang ca 2
ky thuat khong khac so véi do léch chuan caa chudi mé phong sir dung xac suat phan bb 10% nhung lai
khac dang véi Xac suat phan b 5%. Diéu ndy cho thay nac khoi tao 5% va ti phan vi ¢6 anh huong khac
nhau dén két qua mo phong béc hoi vé do bién dong trong trung binh két qua. Su khéac biét trong trung binh
va do léch chuan khong thé hién rd vé mit thong ké khi chuyén déi phuong phép khai tao (Monte Carlo
hay Latin Hypercube). CAc nhan xét trén da chi r sy bién dong cao hon trong két qua md phong gay ra boi
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viéc lya chon murc chi tiét trong nac xac suat khoi tao so véi tir viéc lya chon cach phwong phap khoi tao
s€ str dung. Theo nhu tac gia dugc biét, van dé nay hién con it dugc dé cap trong cac nghién ctiru khac.

4. KET LUAN

Két qua phan tich s6 liéu khi hau thyc do tuan cho giai doan 2014 - 2017 ¢ cAc tram khi twgng Nha Bé va
Can Tho di cho thay hai phuong phap hoi quy tuyén tinh da bién va ANN déu cho d6 chinh xac mé phong
lwong bbe hoi & mirc cao (gia tri R > 0.93 hay R? > 0.87). Cau tric ANN véi 1 16p 4n c6 6 noron sir dung
ham chuyén tansig 1a phi hop dé md phong lugng bdc hoi cho ca 2 tram bai khi cau tric mang phic tap
hon nira thi gia tri R ting khong dang ké. Dau rang ANN m6 phong tot hon vé tong thé cho céac bo sé liéu
thuc do cling nhu khoi tao nhung trong mot s6 truong hop két qua md phong lai xuét hién cac gia tri nho
nhat mang dau am trong khi phuong phap hoi quy tuyén tinh da blen khdng c6 hién tugng nay.

Két qua thong ké chi rd rang sb liéu khi tuong thuc do cho cac yéu t6 khi twong khac nhau ¢ ca 2 tram déu
phan 16n déu khdng tuan theo phan b chuan hozc néu c6 tuan theo thi mic d6 phi hop van kém hon so
v6i mot/vai phan bé khac. Khi thay doi phuong phép khéi tao chudi sé liéu (Monte Carlo hay Latin
Hypercube), két qua md phong luong bdc hoi thay dbi it hon vé gia trj trung binh va do léch chuan so voi
khi thay d6i do chi tiét trong nac xéac suat phan bé caa cdng tac khai tao.

Két qua cua nghién ctru c6 han ché 1a sé lidu khi hau sir dung méi chi gidi han cho 2 Tram khi tuong thudc
khu vic Nam B6 nén kha ning tong quat héa cho nhiéu trudng hop khac rat can dugc tiép tuc diéu tra thém.
Mt khac, cac yéu té khi hau khac nhu tong birc xa mit troi cing c6 thé duge dua vao bo s6 lidu nhu doi
tuong danh gia.

LOI CAM ON

T4c gia xin cam on céc dong nghiép ¢ Vién Khoa hoc Cong nghé va Quan Iy Moi truong da luon ho trg dé
cho nghién ctru nay o the hoan thanh. Xin cam on Dai khi twong Thuy vén khu vac Nam B¢ da cung cap
so0 liéu hién truong st dung cho nghién cuu.
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SIMULATION OF EVAPORATION IN NAM BO PLAIN BY ARTIFICIAL NEUTRAL
NETWORK, MULTIVARIABLE LINEAR REGRESION IN COMBINATION WITH
RANDOM DATA GENERATION TECHNIQUES

TRAN TRI DUNG
Institute of Environmental Science, Engineering and Management, Industrial University of Ho
Chi Minh City
trantridung@iuh.edu.vn

Abstract. This study evaluated the impact of generated meteorological data series on the weekly
evaporation simulation results using Artificial Neural Network (ANN) and multivariate linear regression at
Can Tho and Nha Be meteorological stations in Nam Bo plain, Vietnam. Because most of data series
measured for meteorological factors at both stations do not follow the normal distribution, the data series
representing different scenarios had been generated using Monte Carlo, Latin Hypercube techniques with
5%, 10% and quartiles steps based on specific statistics of measured data. The analysis results demonstrated
that both multivariate linear regression and ANN methods provided high evaporation simulation accuracy
(R > 0.93 or R? > 0.87), while the ANN structure with 1 hidden layer having 6 neurons and tansig transfer
function is suitable to simulate evaporation for both stations. The variation in mean and standard deviation
of evapotranspiration simulation results is more dependent on choosing steps in the probability distribution
initiation processes than on initiation technique selection. In several cases, the results of evaporation
simulation by ANN have a negative sign while this phenomenon did not occur with the multivariate linear
regression method.

Keywords: simulation, evaporation, Artificial Neural Network (ANN), multivariable linear regression,
Monte Carlo, Latin Hypercube
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