BAI BAO KHOA HQC

SU DUNG MO HINH ANN (ARTIFICIAL NEURAL NETWORKS)
DU BAO HAN KHi TUQNG O PONG BANG SONG CUU LONG

Tran Vin Ty", Huynh Vwong Thu Minh? va Nguyén Phwong Pong’

Tém tit: Muc tiéu cia nghién cuu la sw dung mo hinh ANN dé dw bao han khi twong tai B(fng
bang séng Ciru Long. Chi 56 han han SPI (Standardized Precipitation Index) dwgc tinh todn cho 3
va 6 thang han trong giai doan hién tai (1980-2013); tir d6, dwong cong Mirc dg - Thoi gian — Tan
sudt han (SDF) dwoc thiét lgp. M6 hinh ANN dwoc thiét Idp va hiéu chinh (1980-2000) cdc théng sé
han (SPI), kiém dinh (2001-2013) va dir bdo han khi twong (thoi gian t+1 va t+2). Két qua tinh
toan SPI giai doan 1980-2013 cho thdy cé sw thay déi theo khéng gian va thoi gian do heong mua
thay doi dan dén tan sudt xudt hién han ciing thay déi theo. Dwa vao bdan do han va dwong cong
SDF, cdc nha qudn 1y ¢é thé dwa ra nhitng gidi phdp thich hop thich img cho timng ving tuwong tng
Véi tirng mirc dé va kha ndng xdy ra han. Két quad hiéu chinh va kiém dinh ANN tai 3 tram (Bac
Liéu, Chdau Péc va Can Tho) cho thdy SPI (tinh tir sé lleu muea thwe do) va mé phong la twong doi

phit hop va cang tot néu dir bao véi budce thoi gian ngan.
Tir khéa: Han khi trong; chi s6 khd han (SPI); mang tri tué nhan tao (ANN); Pong bang song Ctru Long

1. GIOI THIEU

Trong nhitng ndm gan ddy, tan xuat xuit hién
It lut va han han tang cao dudi anh hudng cua
bién d6i khi hau (BBKH) (IPCC, 2007). Cac
nghién ciru vé quan tric va du bao han trong
mdt khoang thoi gian dai 1a can thiét dé tim cac
bién phap ddi pho véi cac hién twong han han
cuc doan c6 thé xay ra ¢ twong lai (Kim va cdc
cong su, 2013). Phuong phap thuong dung la s
dung cac sb liéu khi twong thay van quan tric va
s6 lidu khi twong thuy vin du bao thong qua céac
két qua ctia md hinh khi hau toan cau (Global
Climate Models - GCMs).

Céc nghién clru du bio han trong thoi gian
gan day con tip trung vao phan tich phan bd
khong gian cta han han trong twong lai bang
cach tmg dung cic phuong phap phan tich thong
ké nhu SAD (Severity — Area — Duration,
Cuong do - Dién tich — Khoang thoi gian), SAF
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(Severity — Area — Frequency, Cuong do - Dién
tich — Tan xuat), va SDF (Severity — Duration —
Frequency, Mtrc d - Khoang thoi gian — Tan
xuit). Cac nghién ctru gan day vé han khi tuong
nhu Tran Vin Ty vd ¢dng s (2015) nghién ciru
xdy dung ban do han han PBSCL trong bdi
canh bién d6i khi hau. Nguyén Piang Tinh
(2010) nghién ctru xac dinh kha nang va danh
gid muac do han khi tugng ¢ vung DBSCL.
Nguyén Pang Tinh (2006) nghién ctru vé mg
pho véi han & khu vuc Tay Nguyén. Vé du bao
han han, mét s6 nghién ctru tiéu biéu nhiing
nam gan day, nhu Campolo va Soldati (1999) da
stt dung ANN dé du bao dong chay trén song
Séng Arno (Y) chi st dung sb liéu trong qué
khtr. Nguyen Dang Tinh va cdc cong sw (2007)
ung dung ANN du bao han héan tai Tay Nguyén,
Vi¢t Nam. Hung va cdc cong su (2009) da su
dung phuong phap ANN dé cai thién két qua du
bao mua tai Bang Cdc, Thai Lan.

Rét nhiéu khu vyc trén thé gidi, trong d6 co
Vi¢t Nam, dang phai ganh chiu nhirng dot han
han nghiém trong bat thuong do tinh trang
BDKH gay ra (Tran Thuc, 2011). Nhitng nim
han han xay ra & Pong bang song Ciru Long
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(PBSCL): nam 1982 tan phd 180.000 ha cay
mau; Vu Pong Xuan 1992-1993, viéc san xuat &
PBSCL giam 559,000 tan laa; dién tich bj han
1a 276.656 ha & nim 1998; nam 2002, 2004 va
2005 han han ciing xay ra trim trong &
DPBSCL, ngay ca nudc sinh hoat cling phai han
ché (Tran Pang Hong, 2007). Do d6, nghién
ctru dy bao han trong khoang thoi gian 3 thang
hay 6 thang tai DPBSCL 14 rat can thiét nham
diéu chinh lich thoi vu phu hop, kip thoi chuan
bi thich tng, giam thiéu thiét ha dén muc thap
nhat 13 rat can thiét.

Muc ti€u cua nghién ctru 1a st dung m6 hinh
ANN dé du bao han khi tuong - thiiy vin tai
PBSCL. Dé dat duoc muc tiéu trén, cac budc
sau day duoc thuc hi¢n: Banh gia hi¢n trang han
han & DPBSCL nhitng nim gan day; thiét lap mo
hinh ANN, hiéu chinh va kiém dinh cac thong
s6 han (SPI); va du bao han khi tuwong - thuy
van st dung cac thong sb hiéu chinh trén.

2. PHUONG PHAP NGHIEN CUU

- Thu thdp s6 liéu: S6 liéu mua dugc thu thap
tr Trung tdm khi tugng thuy vdan DBSCL
(trung binh thang, 1980-2013).

- Céc buc thiee hién: duge thé hién ¢ Hinh 1.

Hién trang han PBSCL S6 liéu

- Tinh SPI (1-3-6-12 thang) - Xely di liéu
- Ldp duong quan hé SDF vl (Tién xw 1y)
: | - SPI sofware
v v
Thiét 1ip mé hinh ANN Ciu triic ANN
- 56 1idu (SPI tai 10 tram) | R20:15-1,
- Ciu triic ANN q
- Hiéu chinh ANN h 4
-Danh gia ANN Hiéu chinh va
Kiém dinh ANN
\ - Giatrong?
~ _NN tool

Panh gia ANN
- RMSE?
-EI? -R?

D bao SPI 3/6
Budc thoi gian:
t+1lvat+2

A

Hinh 1. So d6 cdc bude thuc hién

2.1. Chi s6 khd han SPI

Chi s6 kho han (SPI) duoc tinh tir chudi mua
nhidu nim nham dua vé dang ham phan b
chuén tic cta s6 liéu mua, ing véi thoi gian han

khéac nhau SPI 3 va 6 tng han 3 va 6 thang.
Theo Vién Khi tugng Thuy van va Mdi truong
(VKHKTTV-MT) (2010), cach thuc tinh toan
chi tiéu SPI (chi s6 chuin hoa luong mua) dugc
X-X

o
Trong do, X : lugng mua khodng thoi gian 1

thé hién trong cong thic sau: SPI =

(1: thang, mua, vu); X: lwgng mua trung binh
trong khoang thoi gian i qua nhiéu nim; va o:
khoang 1&ch tiéu chuin cua lwong mua khoang
thoi gian 1 (1, 3, 6 va 12 thang).

2.2. M6 hinh mang tri tué nhin tao ANN
(Artificial Neural Networks)

Trong nghién ctru nay, ANN dugc ung dung
dé xay dung mo hinh dy bao han khi tugng
thong qua chi sé han SPI (3 va 6 thang) duoc
tinh tor sb liéu mua tai 10 tram tiéu biéu
PBSCL. Cau tric ciia mang dan tién nhiéu 16p
bao gém mot 16p vao (input layer) chtra cac
neural nhan tin hi¢u vao, mdt 16p ra (output
layer) chira cac neural xuét tin hiéu ra, va it nhat
mot 16p an (hidden layer) nim gitra 16p vao va
16p ra. Trong nghién clru nay, ham kich hoat cua
cac nut & dang sigmoid duoc su dung. Cac gia
tri ddu ra cta ham sigmoid bi chin giita 0 va 1;
cac gia dau vao ham c6 thé thay d6i + oo.

- Xir Iy sé ligu: Do ham kich hoat trong
mang ANN 1a ham Sigmoid nén toan b sb liéu
dugc bién d6i vé gisi han [0,05; 0,95] va két
quéa dAu ra tir mo hinh ANN dugc chuyén d6i vé
gia tri thyc theo cong thuc sau:

,_[O'Q(yr_a)}

")

‘ [(b-a)(y, -0.05)]
va y, = +a,
0.9

trong do: y: la gia tri thuc; a, b lan luot 1a
gia tri cuc tiéu, cuc dai tur sd liéu quan trac;
v’ 1a gia tri dugc chuyén d6i két qua dau ra
cua mo hinh.

Céng thirc tong quat:

+0.05

X, W,
O

X W2
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N = ZWixl.

Ham kich hoat Sigmoid:
1

0= 1fN)= l+e ™

Trong d6: x and w lan luwot 1a gia tri dau
vao (input) va gia trong (weight); O 1a gia tri
dau ra cua nat (cta 16p an hodc 16p ra).

- 86 ligu dau vao:

+ Trudc tién bang tinh hé sb twong quan
(correlation (R?)) 1an luot cho cac gia tri giira t
Vv6i t-1, t-2 va t-3 dé danh gia va Iya chon sd liéu
dau vao. Két qua cho thdy gitra t voi t-1, t-2, t-3
cO tuong quan voi R? lan lwot 1a 0,81+0,88,
0,52+0,66 va 0,40+0,50. Tir két qua nay, gia tri
dau vao tai thoi diém t va t-1 caa 10 tram duoc
lya chon dé hi¢u chinh va kiém dinh mé hinh.

+ Bién dau vao 1a SPI tai thoi diém t va (t-1)
cua 10 tram (Ba Tri, Bac Liéu, Cang Long, Cao
Lanh, Chau Pdc, Ca Mau, Can Tho, My Tho,
Rach Gié va Soc Trang).

- Lwa chon cdu triic ANN:

Trong nghién ctru ndy, tir 10 &én 20 neuron d6i
v6i du bao SPI duge chon va thir dan cho ca 16p vao
(Input layer) va 16p an (Hidden layer). Thoi gian mb
phong dé Iwa chon cau tric ANN Ia 1980-2013.

Céc so d6 cau tric ANN trinh bay trong
Bang 1 1 tong hop cac cau trac thir dan va Hinh
2 1a vi du céu triic mang ANN (20-15-1) dy bao
SPI tai tram Can Tho.

Ghi chm

il=SPI tram Cin Tho tait-1
i2=SPI tram Cin Thotait
i3=SPI tram Bac Litutai t-1
4=5PI tramBac Lidutait
i5= SPI tram Chiu Ddc tait-1
i6=SPT tram Chiu Déc tait

i7=S8P1 tram Soc Tring tait-1
8= SPI tram Soc Tringtait

ATES
EFTTRR

L

120=SPI tram Ca Mautait

Hinh 2. Céu triic mang ANN (20-15-1)
dw béo SPI tai tram Can Tho

- Hiéu chinh va kiém dinh ANN

Véi ciu tric ANN duoc lwa chon, md hinh
duge hiéu chinh (1980-2000) va kiém dinh
(2001-2013).

+ Thong sb hiéu chinh: gia trong (w).

+ Phuong phép lan truyén ngugc duoc sir
dung dé cyc tiéu hoa sai s6 nay bang cach diéu
chinh c4c gia trong trong mdi qua trinh tinh toan
(Bordin, 2003).

+ Téc d6 hoc () va hé s6 momentum (a)
duoc chon ngau nhién. Thong s6 hoc tir 0,01
dén 1 va téc 46 momentum gitra 0 va 1.

- Xdy dung mé hinh dw bdao han (SPI)

Trong nghién ctru nay, bién dau ra 1a SPI (3,
6) du bao tai thoi diém (t+1), trong d6 t 1a thoi
gian hién tai, T 1a budc thoi gian du bao trong
tuong lai, tai 3 tram Can Tho, Bac Liéu va Chau
Ddc va bién dau vao la myc nudc tai thoi diém t
va (t-1) cua 10 tram. Cac so dd cdu tric ANN
trinh bay trong Bang 1.

Ham sd quan hé cta cau trac ANN cho SPI
du bao tai thoi diém (t+1) trong tuong lai dugc
trinh bay nhu sau: SPI(t+t) = f(SPI(t-1),
SPI;(t)), trong do: t la budc thoi gian du bao
trong tuong lai, chon Tt = 1, 2; SPI; 1a SPI tinh
duoc tir sb liéu mua thue do tai 10 tram.

- Pdnh gid két qua mé phong

Két qua md phong duge danh gia theo cac
dic trung théng ké cho thay sai khac/mirc do
thich hop gilra gia tri tinh todn tr moé hinh
ANN va gia tri thuc do. Trong nghién ctu
ndy, cac dic trung thong ké dudi day s& duoc
xem Xx¢ét.

+ Sai s6 can quan phiong (RMSE):

[1Y )
RMSE = ﬁg(xi -Y)

+ Hé s6 hiéu quad (EI- Efficiency Index):

S (X, - XY -3 (X, - ¥y
E[: i=1 i=1

i(xi _})2

~ Xi =Dt li¢u quan sat (do dac) tai thoi diém i;
X = Gid tr1 trung binh cua dir liéu quan sat,
X =13 x; Yi= Dit ligu tinh toén (dy doén)
na

tai thoi diém i

n =P0o dai cia dir liéu thuc do

+ Hé s6 twong quan (R):

Hé s tuong quan 1 ty sb cua hiép phuong
sai gitta X va Y t&i tich do 1éch chuén.
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3. KET QUA VA THAO LUAN

3.1. Hién trang han khi twgng PBSCL

Han khi tuong duoc tinh toan théng qua chi s6
han han SPI (v61 SPI 3 va SPI 6 tuong Umg véi chi
s0 han han tinh cho 3 va 6 thang). Két qua tinh toan
SPI 6 tir chudi s6 liéu 33 nim (1980-2012) tai 3
tram (Can Tho, Bac Liéu, Chau Pdc) dugc thé hién
trén Hinh 3. Két qua théng ké tin suat (mg véi sb
lan xuét hién han khi tuong & PBSCL (ca 3 murc
do: nhe, trung binh, nghiém trong) trong 34 ndm
qua (1980-2013) cho thdy han 6 thang xuét hién
nhiéu nhat tai tram Can Tho v6i 72 lan xuét hién
(22,05%); va han 12 thang xuat hién nhiéu nhat tai
tram Rach Gia (21,09%).

7 =2 Cin Tho ——Han ning
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Hinh 3. SPI 3 (a) va 6 (b) tai tram Can Tho

Hinh 4 thé hién mdi twong quan gitta muc do
han, thoi gian han va tin suat han cta SPI 3 va SPI 6
giai doan 1980 - 2013. Nhin chung, 3 muc d¢ han
(nhe, trung binh, nghiém trong) déu xay ra trong 33

nam qua ¢ khu vuc DPBSCL. Chéng han, & mirc 46
han trung binh ctia han 3 thang c6 tan suat xuét hién
han thép, 14 1,91%. Dya vao mdi quan hé nay duoc
lap theo sd liu mua mo phong trong tuong lai, tir
do, c6 thé danh gia dwoc han xay ra véi tan suit bao
nhiéu, trong thoi gian ndo dé co thé ap dung giai
phép thich nghi kip thoi va thich hgp trong turong lai.

Tan suat (%)

2 4 6 8 10 12

Muc do

SPI13 SPI16

Hinh 4. Buong cong SDF

3.2. Két qua lwa chon ciu triic

Tir bang 2 cho thiy rang, cac cau trac 20-10-
1, 15-12-1 va 15-15-1 phu hop voéi thoi gian du
bao thoi gian t+1, va t+2 cho by ANNI va
ANN2 do ¢6 EI, R* 16n nhat va RMSE nhé nhat.

3.3. Két qua hiéu chinh va kiém dinh mé hinh

Két qua hiéu chinh (1980-2000) va kiém dinh
(2001-2013) tai 3 tram dai dién PBSCL (Bac
Liéu, Chau Pdc va Can Tho) cho thiy mé hinh
c6 thé md phong twong d6i tot véi thoi gian du
bao 1a t+1. Két qua du bao cang t6t néu du bao
v6i bude thoi gian ngin (Bang 3 va Hinh 5).

3.4. Két qua du bio

Két qua du bao tot khi thoi gian du bao trong
twong lai ngan. Do chinh xac giam dan khi budc
thot gian du bao trong tuong lai tang 1€n. SPI 3
va SPI 6 dy bao vdi budc thoi gian mdt va hai
(t+1, t+2) trong twong lai tai tram Can Tho, Bac
Liéu va Chau Péc trong giai doan 1980-2013
dugc trinh bay trong Hinh 6 dén 9.

Bang 1. Céc so' dd cdu tric ANN

L yea £ . Dir liéu vao . R B )
Ky hi¢u Cau trac (Input) Dir li¢u ra (Output) Thong so su bao
. SPI (t+1), SPI (t+2) SPI 3, SPI 6
SPI tai 10 t : .
ANN1 | 20-(10-20)-1 i“ L M a0 3 tram Cin Tho, tai 3 tram Can Tho,
’ Bac Liéu, Chau Dbc" Bac Liéu, Chau Ddc
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. Dir lidu va .
Ky hiéu Cau truc I{I;il:l:’)ao Dir liéu ra (Output) Thong so6 sw bao
. SPI (t+1), SPI (t+2) SPI 3, SPI 6
Pl tai 1 \ ,
ANN2 | 15-(10-20)-1 | ti“ | (1 fram) i3 tram Cin Tho, tai 3 tram CAn Tho,
’ Bac Liéu, Chau Dbc Bac Liéu, Chau Pdc
. SPI (t+1), SPI (t+2) SPI 3, SPI 6
Pl tai 1 \ ,
ANN3 | 10-(10-20)-1? | 5 ti“ | (1 fram) i3 tram Cin Tho, tai 3 tram CAn Tho,
’ Bac Liéu, Chau Dbc Bac Liéu, Chau Ddc

(1): Trong nghién ciru ndy chi trinh bay két qua dw bdo tai 3 tram dai dién PBSCL (c6 su
khdc biét) la Can Tho, Bac Liéu va Chdu Poc;

(2): Trong nghién citu nay chi trinh bay két qua SPI 3 va SPI6;

(3): Cau triic 10-(10-20)-1: Thir ddn sé lwong neuron I6p an (tir 10 dén 20), giit nguyén sé
lwong neuron lop vao (10).

Bing 2. Két qua thuc hién md hinh ANN2 véi cac neuron khac nhau trong 16p 4n
(Tram Cin Tho)

s SPI3 SPI6
Budc thoi CAu tric
gian RMSE El R? RMSE EI R?
15-10-1 0.059 0.792 0.711 0.061 0.781 0.671
15-12-1 0.059 0.790 0.675 0.060 0.783 0.672
t+1 15-15-1 0.059 0.791 0.675 0.061 0.781 0.722
15-18-1 0.059 0.791 0.673 0.061 0.782 0.713
15-20-1 0.059 0.790 0.672 0.061 0.782 0.723
15-10-1 0.059 0.790 0.472 0.061 0.788 0.488
15-12-1 0.059 0.791 0.470 0.061 0.788 0.535
t+2 15-15-1 0.003 0.794 0.470 0.061 0.789 0.546
15-18-1 0.059 0.789 0.470 0.061 0.788 0.555
15-20-1 0.059 0.790 0.494 0.060 0.790 0.564
Bang 3. Két qua hiéu chinh (1980-2000) va kiém dinh (2001-2013) (gia tri R?)
cho SP3 va SPIG6 tai 3 tram Can Tho, Bac Liéu va Chau Poc
SPI3 SPI6
Tram Z -
) Hi€u chinh Kiém dinh Hi€u chinh Kiém dinh
Can Tho
t+1 0,69 0,68 0,69 0,67
t+2 0,50 0,45 0,50 0,45
Bac Liéu
t+1 0,64 0,65 0,64 0,63
t+2 0,45 0,37 0,46 0,36
Chéu Déc
t+1 0,76 0,75 0,77 0,75
t+2 0,56 0,57 0,57 0,55

Cdu triic 20-10-1 va 15-15-1 lan luot dugc sir dung dé hiéu chinh va kiém dinh véi thoi gian duy
bdo t+1, va t+2.
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(a) Hiéu chinh (b) Kiém dinh
Hinh 5. Két qua hiéu chinh (1980-2000) va kiém dinh (2001-2013) tai tram Chdu Péc

1
L 1

00— am -1
ae~0-a0-1
a®~0-aa-"1

e
)

-1 Actual 1 -1 Actual 1 -1 Actual 1
Can Tho Bac Liéu Chau Déc
Hinh 6. SPI 3 di bdo véi budc thoi gian (t+1) trong twong lai tai tram Can Tho,
Bac Liéu va Chdu Poc (cdu tric 15-10-1)

—— Observed SPI
307 L Galated SPI

SPI3 (t+1)

Hinh 7. SPI 3 di bdo va thuc do (tinh theo s6 liéu mu’a) vdi bucc thoi gian (t+1)
trong twong lai tai tram Can Tho (cdu tric 15-10-1)

1

ae~o-—ao-1

om0 —om -

77

1

aae~6-—aa-1

20

Actual

Can Tho
Hinh 8. SPI 6 dir bdo véi budc thoi gian (t+2) trong twong lai tai tram Can Tho,

Bac Liéu va Chdu Péc (cu tric 15-10-1)

Bac Liéu

Actual

Actual 1

Chau Dbc
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Hinh 9. SPI 6 dir bdo va thiee do (tinh theo s6 liéu mia) véi buede thoi gian (1+2)
trong twong lai tai tram Bac Liéu (cdu tric 15-10-1)

4. KET LUAN

- Két qua tinh toan SPI tir chudi sé liéu 34
nim giai doan 19802013 cho thdy c6 su thay
d6i theo khong gian va thoi gian do lugng muwa
thay d6i dan dén tan suat xuét hién han ciing thay
d6i theo. Dya vao ban d6 han va dudng cong
SDF, cac nha quan 1y ¢ thé dwa ra nhimng giai
phap thich hop thich tng cho tirng vung tuong
ung véi ting mirc do va kha nang xdy ra han.

TAI LIEU THAM KHAO

- Két qua mo phong cho thdy SPI (tinh tir s&
liéu mua thuc do) va md phong 1a twong di phu
hop va cang t6t néu du bao voi budc thoi gian
ngan. Piéu ndy cho thiy kha ning tng dung
ANN trong du bdo han khi tugng tai cac tram
thity van 8 DPBSCL 14 twong dbi chinh xéc.

- Nghién ctru sdu hon nham ting do chinh
xac cua mo hinh khi budce thoi gian dy bao tang
1én can duge thuc hién trong tuong lai.
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Abstract:
METEOROLOGICAL DROUGHT FORECASTING IN THE MEKONG DELTA USING
ARTIFICIAL NEURAL NETWORKS (ANN)

The objective of this study is to forecast meteorological droughts in the Mekong Delta using
Artificial Neural Networks (ANN). Standardized Precipitation Index (SPI) was first calculated to
determine 3 and 6 - month droughts for current period of 1980-2013; and SDF (Severity — Duration
— Frequency) curve was then established. ANN for meteorological droughts (SPI 3 va 6) was
established, calibrated, validated and then used to forecast SPI3va SPI6, leading time t+1 and t+3.
Results of SPI calculation for period of 1980-2013 are found to change in terms of spatial and
frequency. From results of drought index maps and SDF curve, solutions will be proposed to adapt
to meteorological drought under different severity level and frequency. The results of calibration
and validation at 3 stations (Can Tho, Bac Lieu and Chau Doc) for SPI show a relatively good
agreement between simulated and observed SPI (calculated from rainfall data) and the accuracy
has reduced when the forecasting lead time increased.

Keywords: Meteorological drought; Standardized Precipitation Index (SPI); ANN; Mekong Delta
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