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Abstract: This study evaluates the subseasonal rainfall forecasting skill of the S2S-ECMWF model
over the Central Highlands of Vietnam during the transition from the dry to the rainy season (March—
April) for the period 2003-2022. It also examines the potential of applying an Artificial Neural
Network (ANN) for correcting biases in the raw forecast products. The results show that the original
S2S-ECMWF forecasts capture some broad features of rainfall occurrence, particularly for light
rainfall events and short lead times. However, their quantitative forecasting skill remains limited, as
indicated by large errors, low or even negative correlations, and a clear decline in skill at higher
rainfall thresholds. The model’s ability to detect moderate and heavy rainfall events decreases
substantially, and its discrimination between rainfall and non-rainfall events above the selected
thresholds is very weak. After ANN-based bias correction, forecast performance improves
markedly, especially during weeks 1-2. The corrected forecasts also exhibit much stronger
discriminatory skill, particularly at short lead times. Although forecast skill still decreases with
increasing lead time and heavy rainfall prediction remains challenging, the results demonstrate the
potential of ANN-based post-processing for improving subseasonal rainfall forecasts over the
Central Highlands of Vietnam.
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K¥ nang du bao mua han ndi mua cua S2S-ECMWF

va kha ning hiéu chinh bang ANN cho khu vuc Tay Nguyén

trong giai doan chuyén tiép tor mua kho sang mua mua

Nguyén Thi Kim Chi*, Phan Vin Tan

Truong Dai hoc Khoa hoc Ty nhién, Dai hoc Qué'c gia Ha Noi,
334 Nguyén Trai, Thanh Xudn, Ha Ngi, Viét Nam
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Tém tit: Nghién ctru ndy danh gia ki ning dy bdo mwa han ndi mia ctia mé hinh S2S-ECMWF
trén khu vue Tay Nguyén, Viét Nam, trong giai doan chuyén tiép tir muia kho sang muia mua (thang
3-4) thoi ky 2003-2022. Nghién ctru ciing khéo sat kha ning ing dung mang than kinh nhéan tao
(ANN) dé hiéu chinh sai s6 ctia san pham du bao gbc. Két qua cho thay du bao gbc ciia S2S-ECMWFE
ndm bt duoc mot sd dic diém co ban cta su xuat hién mua, dic biét dbi véi cac sy kién mua nhod
va cac han du bao ngém. Tuy nhién, k§ ning du bao dinh lugng mua van con han ché, thé hién qua
sai s6 16n, hé s6 twong quan thip hodc tham chi 4m, va k¥ niang du bao giam rd rét khi ngudng muwa
tang 1én. Kha niang phat hién cac sy kién mua vira va muwa 16n cia mé hinh giam dang ké, dong thoi
kha ning phén biét giira cac truong hop c6 va khong co mua vuot ngudng rat kém. Sau khi hiéu
chinh bé‘mg ANN, chét lugng du bao dugc cai thién 16 rét, dic biét trong cac tudn 1-2. Dy béo sau
hiéu chinh ciing thé hién k¥ ning phan biét cac sy kién c6 va khong c6 mua vuot ngudng tot hon
nhiéu, nhét 1a & cac han dy bao ngin. Mic du k¥ ning du bao van giam khi han dy béao ting va du
bao mua 16n van con 1a mot thach thirc, két qua nghién ctru cho thay co thé tmg dung ANN trong

hau xt ly dé cai thién du bao mua han ndi mia cho khu vuc Tay Nguyén, Viét Nam.

Tuwr khoa: Du bao ndi mua; ANN; ECMWEF; Tay Nguyén.

1. Mé dau

Dy béo mwa dong vai trd quan trong ddi voi
nhiéu linh vuc kinh t€, xa hoi, déc biét 1a san xuat
néng nghiép va quan ly tai nguyén nudc. Trong
d6, du bao han ndi mua (khoang tir 2 tuan dén 2
thang), dang ngay cang dugc quan tam do c6 kha
ning lap day khoang trong gitta du bao thoi tiét
(vai ba ngdy dén mot tuan) va dy bao han mua
(tir 1 thang dén 12 thang) [1]. O Viét Nam, Tay
Nguyén la mét trong nhiing ving kinh té quan
trong, dic biét ddi voi san xuat cac loai cay cong
nghiép chii luc, tao ra cac san pham xuat khau co
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gia tri kinh té cao, nhu ca phé, hd tiéu va cao su.
Céc thang chuyén tiép tir mua kho sang mua mua
(thang 3-4) la giai doan quan trong, quyet dinh
su sinh truong va phat trién cta cay trong, 1ap ké
hoach tuéi ti€u cling nhu quan 1y rdi ro do céc
hién twong thoi tiét cuc doan [2]. Do do, viéc du
bao chinh xac dién bién mua, bao gém sy xuat
hién mua, lugng mua, trong giai doan ndy cd y
nghia quan trong ddi v6i ca san xuat nong nghiép
ciing nhu quan ly tai nguyén nudc.

O Viét Nam hién nay van chua c6 hé thong
du bao han ndi mua nao dugc dua vao van hanh
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nghiép vu, trong khi trén thé giéi da c6 nhiéu hé
thong duoc phat trién va ung dung rong rai. Vi
vay, viéc khao sat, danh gia kha nang ing dung
san pham dy bao sin co cta cac Trung tam trén
the gi6i cho Viét Nam la van dé can thiét. Trong
s6 cac ngudn sin co do, san pham du bdo ndi
mua cia Trung tim Dy bao thoi tiét han vira
Chéu Au (S2S-ECMWF) dugc xem 1a mot trong
nhitng ngudn twong ddi tt [1-6] va co thé khai
thac mién phi. Tuy nhién, chat luong du bao cua
mo hinh thuong phu thudc vao khu vye, mua va
han dy bao. Tay Nguyén la noi c6 dia hinh phirc
tap, chiu anh hudng ctia cac hé théng gi6é mua,
viéc danh gia kha nang dy bao mua han ndi mua
ctia mo hinh S2S-ECMWF cho khu vuc nay trudc
khi tmg dung vao nghiép vu 1a hét sirc can thiét.
Du bao ndi mua hién dang la mét trong
nhitng hudng nghién ctru thu hat nhidu sy quan
tAm cta ca cong ddng cac nha khoa hoc ciing nhu
ngudi dung. Cho dén nay, da c6 nhiéu cong trinh
tap trung danh gia k¥ nang du bao cua cac hé
thong khac nhau cho cac khu virc khac nhau trén
thé gi6i. Chiang han, cic nghién ctu cua
Olaniyan va cs (2018) [3] cho Nigeria va De
Andrade va cs (2021) [4] cho Chau Phi ndéi
chung cho thdy san phdm cia S2S-ECMWF c6
k¥ ning du bao tdt hon so voi mot sé hé thong
khdac nhu UKMO  (United Kingdom
Meteorological Office) hoac NCEP (National
Centers for Environmental Prediction). Tuy
nhién, De Andrade va cs (2021) [4], Vitart
(2013) [5] va Liu va cs (2013) [7] lai chira rang
S2S-ECMWF van c6 nhimng han ché nhat dinh,
dic biét trong cac giai doan chuyén mua, k¥ ning
du bao c6 xu hudng giam theo han du bao.
Ngoai viéc danh gia k§ nang cia mo hinh,
mot s6 nghién ctru da ap dung cac phuong phap
hoc may, hoc siu nhu Random Forest,
XGBoost,... dé hiéu chinh sai s6 md hinh, nham
cai thién chét lugng du bdo [6-8]. Worsnop va
cs (2024) [9] da phat trién mo hinh RUFCO (két
hop giita cc thanh phan ResU-Net, FiLM va
Climatological-Offramp) dé hiéu chinh san
pham dy bao mua cua hé thong du bao to hop
toan cau NOAA (GEFSv12) cho Hoa Ky. Két
qua chi ra ring mé hinh hoc sau c¢6 kha nang cai
thién k¥ nang du bao t6t hon so v6i cac phuong

phap hiéu chinh théng ké truyén théng. Gan day,
béng viéc sir dung kién triic ResU-Net dé hiéu
chinh san pham dy bao nhiét d6 va luong mua tir
hé théng S2S-ECMWF, Mengist va Seo (2026)
[10] cho thdy chat lugng du bao trong vong 6
tuan tang lén dang ké.

O Viét Nam, da c6 mot sd cong trinh danh
gia kha nang du bao mua han ndi mua cta S2S-
ECMWEF trén pham vi ca nudc hodc tai mot ving
khi hau cu thé. Két qua cho thiy S2S-ECMWF
¢6 kha nang du bao twong ddi tét luong mua
(Pang Hai Yén, 2023) [11] va ngay bat dau mua
mua (Pham Thanh Ha, 2022) [2] & cac han du
bao ngén, dac biét trong cac tudn tha nhét va thi
hai. Tuy nhién, k¥ ning du bao van con han ché tai
mdt sb khu vue, trong d6 c6 Tay Nguyén va Nam
Bd6. Hoang Thi Thu Huong va cs (2023) [1] cling
da thir nghiém cac phuong phap hiéu chinh sai s6
du bao mua ctia S2S-ECMWF cho khu vuc Bic
Trung B va cho théy hiéu qua nhét dinh trong viéc
giam sai s6 va cai thién chat luong du bao.

Mic du di c6 nhiéu nghién ctru vé danh gia
ky nang du bao han ndi mua va hiéu chinh san
phim du bao cia cac mo hinh noéi chung, S2S-
ECMWE ndi riéng, bang cac phuong phap hoc
may, hoc sau & trén thé gidi cling nhu tai Viét
Nam, nhung chua c6 nghién clru nao tap trung
riéng cho khu vyc Tay Nguyén trong giai doan
chuyen tiép tir muia kho sang muia mua (thang 3,
4). Xuét phat tir d6, nghién ctru nay nham tra 1oi
hai cau hoi: 1) C6 thé st dung truc tiép san pham
géc ctia S2S-ECMWF dé du bao mua han ndi
mua cho khu vuc Tay Nguyén trong cic thang
chuyén tir mia kho sang mua mua (thang 3—4)
hay khong?; va ii) C6 thé cai thién chét lwong du
bao mua han ndi mua cho khu vuc Tay Nguyén
trong giai doan niy bang viéc tmg dung mé hinh
mang than kinh nhan tao (ANN) dé hiéu chinh
san pham cta S2S-ECMWF hay khong?.

2. S6 ligu va phwong phap

2.1. 86 liéu

Nghién ciru sir dung hai ngudn sd liéu, bao
gdm s6 lidu quan trac mua ngay trén ludi va s6
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liéu du bao lai cia md hinh S2S-ECMWF giai
doan 2003-2022.

S liéu quan tric lugng mua ngay trén ludi
giai doan 2003-2022 dugc xay dung dya trén )
liéu quan tric tir mang ludi tram khi tugng va
tram do mua trén toan lanh th Viét Nam trong
khuon khd dy 4n “Cap nhat kich ban bién déi khi
hau cho Viét Nam” cua Vién Khoa hoc Khi
tuong Thuy van va Bién d6i khi hau (nay 1a Vién
Khoa hoc Khi tuwgng Thuy van, Méi truong va
Bién) thuc hién (2023-2025) [12-14], va da
duoc Le va Phan (2025) [15] st dung trong cong
trinh cong bd gan day. DO phan giai khong gian
ctia s6 lidu 14 0,25 x 0,25 d6 kinh vi. Mién nghién
ctru ndm trong pham vi 10°N — 17°N va 105°E —
110°E, bao phu toan bg khu vuc Tay Nguyén.

S6 liéu du bao ciia S2S-ECMWF dugc sir
dung 1a san pham du béo lai (reforecast) phién
ban 2023 cho giai doan 2003-2022 véi han dy
béo dén 45 ngay, trir ngdy dimg lam du béo
(ngay thtr 1, han du bao biang 0). Néu tinh ca
ngay ding lam du bao 13 46 ngay (1-46). Vi mdi
tuan chi ¢6 2 phién dyu bao nén mdi nam sé& c6 17
phién duy béo trong cac thang 3 va 4. Dé phu hop
v6i s6 liéu quan tric, d6 phan giai khong gian
cua S2S-ECMWEF duoc chon 1a 0,25° x 0,25°,
Céc bién du béo ctia md hinh bao gém hai loai
chinh 14 sb liéu ngay (daily data) va sb liéu tirc
thoi tai cac lat cat thoi gian 00, 06, 12 va 18
UTC. Déi voi lugng mua, sd lieu dugc cho 1a
tong luong mua tich luy tir thoi diém lam du bao
dén ngay cubi cung cua han du bao, véi cac
khoang thoi gian ting 6 gid mot. Ngoai lugng
mua ngdy, nghién ciru con st dung nhiéu bién
khac, ma ching s& dugc ding 1am dau vao cho
mo hinh ANN. Cac bién nay hodc san co tir s6
ligu géc hodc dugc tinh ra tir cac bién sin co,
bao gom cac dong hién nhiét, an nhiét tir bé mat,
birc xa song ngan, song dai tai bé mat, nhiét do
va do am cac 10p déat gan bé mat, d6 day cac 16p
khi quyén giita cac muc 1000-850 hPa, 975-700
hPa, 950-500 hPa, 1000-500 hPa va 850-700
hPa, chénh 1éch nhiét d6 gitra cac 16p khi quyén
tang thap (850-500 hPa va 700-500 hPa, dic
trung cho gradient thang dung cua nhiét do),
ning lugng ddi luu tiém ning (CAPE), tong

lwong nudc cia cot khi quyén, thong lwong am,
cac thanh phan gid ngang,...

2.2. Phuong phap

Trong nghién cru nay, hai ndi dung chinh sé&
duogc thuc hién: 1) Panh gia ky nang ctia S2S-
ECMWF trong du bao mua han ndi mua cac
thang 3—4 va 2) Panh gia kha niang ung dung
ANN dé hiéu chinh san phém du bao mua han
ndi mua cua S2S-ECMWF trong cac thang 3—4
cho khu vyc Tay Nguyén. Véi han du bao cua
S2S-ECMWF la 0-45 ngay, ¢ day chi thuc hién
viée danh gia cho cac han tir ngay thir 4 dén ngay
thir 45, va duoc chia theo tudn: tudn 1 (W1): tur
ngdy thir 4 dén ngay thir 10, tudn 2 (W2) tir ngay
thir 11 dén ngay thtr 17, ..., tudn 6 (W6) tir ngay
thir 39 dén ngay thir 45. Cung can luu ¥ rang,
thong thuong cic “tudn” trong du bio ndi mua
dugc tinh tir ngay thir nhét sau ngay ding lam dy
bao, tirc 1a tuan 1 tir ngay 1 dén ngay 7.... tudn 6
tir ngdy 36 dén ngay 42. Véi han du bao 45 ngay,
cach 1am do s& bo mat 3 ngay cudi ciing (43—45).
Do d6, thay vi b 3 ngay cubi cing, & ddy s& bo
3 ngay dau tién, thudc du bao thoi tiét han ngén.

2.2.1 Ung dung ANN trong hiéu chinh sdn
phdm mwa dy bao

M6 hinh ANN [16] sir dung trong nghién ciru
nay dugc thiét ke VoL nhiéu phuong an s6 lugng
bién dau vao, sd 16p an va s6 nét an cua mdi 16p
khac nhau nhdm tao ra nhiéu san pham hiéu
chinh ma chung dugc dung nhu 1a cic thanh
phan t6 hop. S6 luong bién dau vao bién thién tir
it nhat 8 bién dén nhiéu nhat 26 bién, duge lua
chon dua trén co s¢ y nghia vét Iy cua cdc nhém
bién ddi voi bién du bao 1a luong mua. S6 luong
26 bién nay duoc x4c dinh tir mot tép trén 60 bién
ban dau, bao gém cac bién gbc (original
variables) ciia S2S-ECMWE, cac bién phai sinh
(derived variables), cac ham tryc giao thuc
nghiém tir mot sé trudong khi quyén, trén co so
danh gia mirc 46 quan trong cua cic bién dua
trén hoan vi (permutation feature importance).

Trong qua trinh xay duyng mo hinh, tdp mau
20 nam duoc chia mot cach ngau nhién thanh 3
tap con khong giao nhau, trong d6 15 nam lam
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tap hudn luyén (training), 3 trong 5 nam con lai
lam tap kiém dinh (Validating) va 2 ndm con lai
cudi cung lam tap danh gia doc lap (testing).
Klen triic ciia md hinh ANN, bao gém s6 16p én,
s6 ndt an trong mdi 16p, téc do hoc (learning
rate), hé¢ sd quan tinh (momentum), ham kich
hoat (Activation function),... dugc thuc hién cho
mot s6 diém ludi ngdu nhién trong ving nghién
clru v6i bd cac bién dau vao khac nhau. Trén co
s¢ do, cic bd tham sd diéu khién mé hinh
(hyperparameters — siéu tham sd) s& duogc lya
chon. Trong d6, mot s6 tham sd hau nhu khong
anh hudng dén két qua nén s& duoc dit ¢ dinh
cho tat ca cac céu hinh. Cy thé, learning_rate =
0,001, activation_hidden = “leaky relu”,
momentum=0,85, loss_type =“MAE”. Cac tham
s6 anh huéng rd nhét 1a sé 16p 4n va sb ndt an
trong mdi 16p. S6 16p 4n dugc chon t6i thiéu 1a 1
16p va t6i da 1a 3 16p (Bang 1). S6 ndt an ciing
bién thién trong khoang tir 852 cho 16p 4n thi
nhit, 4-30 cho 16p 4n tht hai, 8-30 cho 16p 4n
thir ba (Bang 1). Tong cong co tat ca 38 truong
hop dugc thir nghiém. Vi vdy viéc danh gia két
qua hiéu chinh, s¢ dugc thuc hién dua trén san
pham t6 hop tir 38 thanh phan, duoc tinh lai cho
toan b 20 ndm sb lidu, va s& b qua qua trinh
kiém dinh va danh gia doc 1ap cho toan bd khu
vuc nghién curu.

Bang 1. Cau hinh s0 16p an va so not an cua moi 16p

16 3 18 12 6
17 3 20 14 8
18 3 20 8 20
19 3 24 16 8
20 3 30 20 10
21 3 30 30 30
22 3 40 20 10
23 3 52 26 13

cho md hinh ANN
. S6 not/16p
STT So 16p I > 3
1 1 8
2 1 16
3 2 12 6
4 2 16 8
5 2 16 8
6 2 18 9
7 2 20 10
8 2 20 10
9 2 22 11
10 2 28 14
11 2 30 15
12 2 32 16
13 2 32 16
14 3 8 16 8
15 3 16 4 16

2.2.2. Banh gia dy bao dinh lwong

Dé danh gia ky nang du bao dinh lugng mua
cua S2S-ECMWEF, ca truéc va sau khi hiéu
chinh, cac chi s& ME (sai s6 trung binh), RMAE
(sai sb tuyét ddi trung binh twong déi), va CORR
(hé sb tuong quan) [17] s& duoc sir dung. ME
bién thién trong khoang (-co, +o0) cho biét xu
hudng thién 1éch ctia dy bao so véi quan tréc
nhung khong phan anh do 16n cia sai sb, v6i gia
tri Iy tuong 1a ME = 0 (khong thién 1éch vé phia
nao). RMAE (= 0) phan anh sai sb trung binh
cua du bao so vdi quan tric duoc tinh theo % so
v6i trung binh quan tric, nhung khong noi 1én xu
huéng thién 1éch cua du bdo so voi quan tric.
Gia tri 1y twéng 13 RMAE=0. Uu diém cua
RMAE 14 ¢6 thé so sanh sai s ctia mé hinh trong
cac diéu kién mua it va mua nhiéu. Ngoai ra, dé
danh gia hiéu qua cta viéc hiéu chinh so véi san
ph?im du bdo cua mo hinh trudce khi hiéu chinh,
chi sb gia tri thang du (Added Value - AV), tinh
theo cong thirc (1), s€ dugce su dung. Trong (1),
RMAE,,,q va RMAE} tuong Ung la lwong mua
du bao cua mo6 hinh trudce va sau hiéu chinh. AV
bién thién trong khoang [-1,0; 1,0] véi AV>0
phan anh sai sb cua lwgng mua sau hi¢u chinh
nhd hon trudce khi hiéu chinh. Gié tri ly tudng la
AV=1,0.

AV(RMAE) = RMAE p0q—RMAEp,
Max{RMAE;0q,RMAE}}

2.2.3. Banh gia du bao pha

Trong danh gia du bao pha, viéc danh giad
thuong duoc quy vé bai toan nhi phén, trong d6
lwrong mua duoc phan chia theo cac ngudng dé
xac dinh su kién liwong mua vuot nguong da cho
c6 xay ra (1) hay khong (0). Khi d6, néu ky hiéu:
1) 80 lan du bao ding su kién c6 xay ra 1a H; i1)
s6 1an dy bao su kién co xay ra nhung thyc té
khong xay ra (du bao khdng) 1a F; iii) s6 lan
khong du bao dugc su kién c6 xay ra (du bao sai

(1
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hay du bao sot) 1a M; va iv) sb lan du bao dang
hién tugng khong xay ra 1a CN, thi H+F+M+CN
=N 1a s6 1an dy béo. Trong nghién ctru ndy, cac
chi s6 POD (x4c suat du bao dang sy kién c6 xay
ra), POFD (xac suét du bao sai su kién khong
xay ra), FAR (ty 1& du bao khdng), TS hay CSI
(chi s6 thanh cong toi han), PC (ty 1& du bao
dung), va BIAS (chi sb thién 1éch) s& dugc st
dung [15]. Viéc str dung nhiéu chi s6 danh gia
nham xem xét mot cach ddy du k¥ niang du bao
cuia md hinh.

3. Két qua va thio luin
3.1. Ky nang dy bao mua cia S2S-ECMWF

Hinh 1 trinh bay phan bé tan suat lugng mua
theo cac cap cua dy bio S2S-ECMWF va quan
tric cho cac han du bao tir W1 dén W6. Nhin
chung, 6 cac W1-W3, ca dy bdo va quan tric, tan
suat mwa giam dan khi cdp mua ting 1én. Cac cip
mua nho, dac biét 1a 0—10 mm/7 ngay va 10-20
mm/7 ngay, chiém tan suit 16n nhat, trong khi
cac cap mua 16n hon c6 tan suét thip hon.

50 Tuan 1 Tuan 2
I Dy bdo 10 = Dy bao
40 I Quan trac [ Quan trac
2 9
2
e <30
4 30 =
O G
2 ?
20
f o 20 C
K1) 0
[ [
10 10
0 0
0-10 10-20 20-30 30-40 40-50 50-70 70-100 >=100 0-10 10-20 20-30 30-40 40-50 50-70 70-100 >=100
Céc cdp mua (mm/7 ngay) Céac cap mua (mm/7 ngay)
Tuan 3 Tuan 4
35 30
I Dy bdo B Dy bdo
30 5 B
I Quan trac 25 I Quan tric
$2s %)
®
S S 20
20 R
Kl ]
> ‘: 15
wr 15 (1]
f o o
< 10
10 i
5 5
0 0
0-10 10-20 20-30 30-40 40-50 50-70 70-100 >=100 0-10 10-20 20-30 30-40 40-50 50-70 70-100 >=100
Cac cap mua (mm/7 ngay) Céac cap mua (mm/7 ngay)
Tuan s Tuan 6
25 I Dy bao I Dv béo
mm Quan trdc 20 Emm Quan tric
520 )
> S~
~ ~15
5 15 b
3 ?
c 10 c1°
0 “«0
[ [
5 5

0-10 10-20 20-30 30-40 40-50 50-70 70-100 >=100
Céc cap mua (mm/7 ngay)
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Hinh 1. TAn sut xuét hién lvong mua céc cp ciia S2S-ECMWF va quan tric trén khu vire Ty Nguyén
theo han du bao voi cac phién du bao trong thang 3 va 4 giai doan 2003-2022.

Diéu nay phan anh dic diém phd bién cia
phén bd mua trong giai doan chuyén mua, khi

cac ngay mua nho va mua vira van chiém uu thé.
O W1, mé hinh du béo kha tot tan suat cap mua
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0-10 mm/7 ngay, nhung c6 xu huéng thdp hon
quan tric & cdp 10-20 mm/7 ngay. Nguoc lai, tai
cac cép mua vura, nhu 20-30, 30-40 va 40-50
mm/7 ngdy, tan sut du bao cao hon quan tréc.
Sang W2 va W3, dang phan bd giam dan theo
cap mua van duoc thé hién; tuy nhién chénh léch
gitra du bao va quan tric ting Ién. Nhin chung,
mo hinh dy bao thdp hon quan tric & cac cAp mua
nho dén mua vira, trong khi lai c6 xu hudng du
béo cao hon & mot sé cap mua vira dén mua 16n.
Tir W4-W6, phéan bd tan sudt mua co sy thay doi
15 rét hon. Tan suét quan tric & cac cip 10-20
mm/7 ngay va 20-30 mm/7 ngay tang lén, cho
théy thoi diém du bao c6 thé di roi vao giai doan
d4u mua mua & Tay Nguyén. bay la giai doan
hoat dong ddi luu va cac nhidu dong giy mua bt
dau gia tang, lam cho phan bd mua dich chuyén
tir cac cap mua rat nho sang cac cap mua lon hon.
Tuy nhién, mé hinh chua nim bat duoc nhiing

Tuan1l Tuan?2

%gggggi
18°N N KQO_d‘IZIoéng sa
iz:\& g.;elgnoouc

MAE

. Q.d Truong Sa
9°N = (Viét Nam)

102°E 106°E 110°E 114°E 118°E

CORR

diéu kién nay. Trong cac W4-W6, du bao thuong
thip hon quan tric & mot s6 cip mua nhé va mua
vira, nhung lai cao hon & cac cAp mua 50-70
mm/7 ngay hoac 70-100 mm/7 ngay.

bang chu y, o hau hét cac han dy bdo, tan
suat mua rat 16n, trén 100 mm/7 ngay, mé hinh
thuong thip hon quan tric. Diéu d6 chimg t6
S2S-ECMWF con han ché trong viéc du bao cac
su kién mua 16n, dac biét & cac han du bao dai.
Nguyén nhén c6 thé lién quan dén kha ning cua
mo hinh trong viéc ndm bit cac qua trinh ddi luu
quy md nho, tac dong dia hinh va cac nhiéu dong
gi6 mua trong giai doan chuyén mua. Nhin
chung, mé hinh c6 kha ning nam bit twong dbi
tbt hinh thé phan bé mua, nhit 13 ¢ cac tuan dau,
nhung van chwa dap g duge yéu cau, dic biét
dbi v6i cac cip mura 16n va cac han du béo tir W4
tro di.

Tuan3 Tuan4 Tuan5 Tuané6

%@@%

-1,0

Hinh 2. Phan b6 khong gian ciia sai s6 trung binh (ME), sai s tuyét ddi trung binh twong d6i (RMAE) va h¢ s6
twong quan (CORR) giai doan 2003-2022 ctia S2S-ECMWF so v6i quan trac trén khu vuc Tay Nguyén theo
cac han du bao.

Hinh 2 trinh bay phan bd khong gian cua cac

chi s6 ME, RMAE va CORR gitra lugng mua du
bao S2S-ECMWF va quan trac trén khu vuc Tay

Nguyén tir W1 dén W6. C6 thé thay ky nang du
bao ctia md hinh con han ché, sai sb twong ddi
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16n va hé sb tuong quan thap & hau hét cac han
du bao.

Mo hinh ¢6 xu hudng thién duong (ME>0)
trén phﬁn 16n khu vuc, rd nhit & khu vuc trung
tam va phia Bic Tay Nguyén. Xu thé nay ting
1&n & c4c han du bdo dai hon, nhit 1a tir W4 dén
W6, chimg to xu hudng du béo cao hon quan tric
trong khoang thoi gian trude va dau mua mua.
Tuy nhién, & mot sé khu vuc phia Nam Tay
Nguyén, ME c6 gia tri nhé hon hodc chuyén sang
am cuc bd, phan anh sy khac biét khong gian cia
sai s6 trung binh.

Gia tri cia RMAE nhin chung kha cao trén
toan khu vuc, phé bién trong khoang 80—110%,
tham chi trén 150%, cho thay sai s6 cia md hinh
con 16n. RMAE cao hon & cac tun dau, dic biét
W1 va W2, sau d6 c6 xu huéng giam nhe 6 cac
han dy bao dai hon. Diéu nay co thé lién quan
dén dic diém mua trong giai doan chuyen mua,
khi luong mua quan trac con nho va bién dong
manh trong cac tuan roi vao mua kho. Mic du
RMAE giam dan tir W3 dén W6, gia tri sai s6

Nguéng 10 mm

Tudnl Tudn2 Tuan3 Tudan4 Tuan5 Tudn6
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8833
05}
233
058)

i T R |
) B

18°N {

POD

Q4
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\
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FAR

102 106°€  110°E 114  118%E

TS

3 3
) 0050
355 3000

3} 5508

van & muc dang ké, cho thiy mé hinh chwa du
bao tot lwong mua trén khu vuc Tay Nguyén.

Gi4 tri cta hé sb tuong quan CORR nhin
chung kha thip, dao dong xung quanh 0. O W1,
nhiéu khu vuc c6 CORR am, tirc 1a mé hinh chua
nim bit duoc bién dong thoi gian cua lwong mua
quan tric. Diéu nay c6 thé do thoi diém duoc du
béao chu yéu roi vao cac thang 3—4 hoic tudn dau
ctia thang 5, khi ma mua mua néi chung chua bt
dau, va do do s sy kién mua (néu co) 1a kha it
hodc mua c6 tinh cuc bd, va bién dong manh vé
luong, dan dén mo hinh khong du bao duge. Tir
W2 dén W6, tuong quan c6 xu hudng ting nhe &
mot s khu vuc, dic biét tai phﬁn phia Bic va
trung tim Tay Nguyén, nhung van chua dat mirc
du cao. Nghia Ia kha nang du bao dinh lugng
mua ctia S2S-ECMWF con han ché.

Hinh 3 trinh bay phan b6 khong gian céc chi
s6 danh gia PC, POD, FAR va TS tai cac ngudng
10 mm va 30 mm trén khu vuc Tay Nguyén trong
cac han du bao tir W1 dén W6, trong d6 quan
tric duoc st dung lam s6 liéu tham chiéu.

Nguéng 30 mm

Tudnl Tudn2 Tudn3 Tudn4 Tudn5 Tudn6 _,,

Hinh 3. Phan bd khong gian cua PC, POD, FAR, TS 6 ngudng mua 10 mm (bén trai) va 30 mm (bén phai) gitta
lugng mua ciia S2S-ECMWF so véi quan trac giai doan 2003-2022 trén khu vuc Tay Nguyén.

O ngudong 10 mm, mo hinh ¢6 k§ ning du
béo tuong ddi tot trén phan 16n cac khu vuc Tay
Nguyén. Cu thé, gid tri cia POD kha cao, dat trén
0,7 (W5-W6), trong khi FAR c6 xu hudng giam

dan theo han du bao, tir khoang 0,19-0,61 (W1-
W2) xudng con 0,08-0,37 (W5-W6). Chi s TS
tang tur khoang 0,25-0,63 lén 0,56-0,84. Khu
vuc phia Nam Tay Nguyén, k¥ nang dy bao cao
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hon so v&i khu vyc phia Bic va trung tam. Véi
ngudng 30 mm, ky ning du bao giam ro rét:
POD giam manh, dac biét trong cac W1-W3,
phan anh kha nang phat hién sy kién mua con
han ché. Chi s6 FAR c¢6 xu huéng ting va TS chi
dao dong khoang 0,02-0,49. Tinh hudng tuong

Tuan 1

1,6
1,4

1,2
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0.6
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1,6
1,4

1,34 1,381,35
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0,8
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0.4
0,2
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Gia tri Bias
(=)
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tu ciing xuét hién & cac ngudng 20 mm va 40 mm
(khong trinh bay ¢ déy). Noi chung, S2S-
ECMWF c¢6 kha ning du bao twong dbi tbt cac
su kién mua nhd, nhung véi cac sy kién mua vira
dén mua 16n con kém.

=10 =20 =30 =40 =50 =60 =70 =80 =90 =100
Ngudng mua (mm/7 ngay)

Tuén 4

L4 1,231,251, 24
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L6 Tuan 6

14 1,291,28
1,21 127 1,19
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Hinh 4. Chi s6 BIAS ctia S2S-ECMWF so v6i quan tric giai doan 2003-2022.

Hinh 4 trinh bay chi s6 BIAS tinh cho cac
ngudng mua khac nhau va cho cac han du béo tur
W1 dén W6, phan anh muc d¢ sai khac giita s6
su kién dy bao va sé su kién quan tric. Qua do
nhan thdy & cac ngudng mua nho dén vira, S2S-

ECMWE ¢6 xu hudng du béo vuot qua quan tric
(BIAS > 1), con ¢ cac nguong mua 16n lai cho
du bao it hon (BIAS < 1). O cac ngudng tir 10—
50 mm, BIAS > 1 trong hau hét cac han du béo,
nghia l1a mo hinh c¢6 xu huéng dy bao s6 su kién
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mua nho, mua vira nhiéu hon quan tric. Khi
nguong mua tang 1én, dac biét tr 70 mm trd 1€n,
BIAS giam r0 rét va thuong nhé hon 1. Mic du
& ngudng 70 mm, BIAS xap xi 1,02 tai W6, cac
ngudng cao hon van c6 xu hudng thién thap, véi
BIAS khoang 0,88 ¢ nguong 90 mm va 0,77 &

Nguong 10 mm

1
’
0.8
0.6
Q
Q
=Y
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g
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ngudng 100 mm, chimg to kha nhidu su kién
mua 16n xay ra nhung mé hinh khéng du bao
duoc. Nhu vay, S2S-ECMWF chi c6 kha nang
ndm bat dugc cac su kién mua nho dén trung
binh va thuong bd sot cac su kién mua 16n.

Ngudng 20 mm

1-
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0,6
0,4-
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Tudn 5 (AUC = 0,503
—— Tuén 6 {AUC = 0,514
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Hinh 5. Buong cong ROC (Receiver Operating Characteristic curve —tam dich la duong cong tiép nhan)
va chi s0 AUC (Area Under the Curve — dién tich dudi duong cong ROC) ctia dy bao S2S-ECMWF
trén khu vue Tay Nguyén giai doan 2003-2022.

Hinh 5 trinh bay duong cong ROC va chi s0
AUC, dugc xay dung tir tap mau tat ca cac diém
ludi trén khu vuc va cac han du bao cho cac
nguong lugng mua 10, 20, 30 va 40 mm trén khu
vuc Tay Nguyén, trong d6 quan tric dugc sir
dung 1am tham chiéu. ROC cho biét mé hinh
nam bét dugc bao nhiéu su kién quan trac so véi
s6 sy kién dy bao sai. Con AUC la dién tich dudi

duong cong ROC, cho biét mé hinh c6 kha ning
phan biét gitra su kién c6 xay ra va khong xay ra
t6t dén mirc nao. Qua do6 nhan thiy, cac duong
ROC chu yéu nam gén dudng cheo 45°, thdm chi
mot sb truong hop nam dudi duong chéo, con
AUC chu yéu xap xi hodc nho hon 0,5, chung té
mo hinh hau nhu khong c6 k¥ ning phan biét cac
sy kién mua va khong mua theo céc cap.
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3.2. Két qua thir nghiém hiéu chinh san pham
S2S-ECMWF

Trong muc nay s& trinh bay két qua ing dung
ANN dé hiéu chinh san phim du béo gbc cua
S2S-ECMWF. Hinh 6 trinh bay phan b6 khong
gian cua cac chi s6 RMAE, AV va CORR dbi
véi dy bao mua han ndi mua trén khu vuc Tay
Nguyén cho cac han dy bo tir W1 dén W6. Khi
so sanh gia tri cia RMAE va CORR trén cac
Hinh 2 va 6 c6 thé thiy viéc hiéu chinh di cai
thién rd rét chat lugng du bao: RMAE giam dang
ké, con CORR ting 1én 1 rét. RMAE sau hiéu
chinh chi dao dong trong khoang 30-70%, nho
hon nhiéu so v6i 80-110% tham chi trén 150%
trude khi hiéu chinh. CORR sau hiéu chinh phan
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16n nim trong khoang 0,4-0,9 so v6i xép 0,0
thdm chi am trude khi hiéu chinh.

Gié tri AV phd bién 16n hon 0,5 trén phan
16n dién tich khu vuc, ching to viéc hi€u chinh
da lam giam RMAE mot cach dang ké so véi
trudc khi higu chinh. Mtc cai thién thé hién 6 &
tat ca cac han dy béo, dic biét trong cac tudn dau.
Mic du vdy, sai sb van c6 xu hudng ting theo
han dy bao, nghia 1a hiéu qua hi€u chinh giam
dan khi han du bao cang dai. Hé $6 tuong quan
CORR sau hiéu chinh dat khoang 0, 8-0,9 6 W1,
va giam dan dén khoang 0,3-0,6 & cac W5-W6.

Nhin chung, két qua thé hién trén Hinh 6 da
khing dinh viéc hiéu chinh da cai thién mot cach
dang ké chét luong du bao dinh lwong mua cia
S2S-ECMWEF cho khu vuc Tay Nguyén, du hiéu
qua van giam dan theo han du bao.

Tuan 3 Tuan 4 Tuan 5 Tuan 6
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Hinh 6. Phan bb khong gian cia RMAE, AV va CORR ciia S2S-ECMWF sau hiéu chinh trén khu vuc Tay
Nguyén giai doan 2003-2022.

Hinh 7 trinh bay phan bd khong gian cua cac
chi s danh gia du bao cac sy kién mua cia S2S-
ECMWEF sau khi hiéu chinh bing ANN, va hiéu
cua chiing so véi trude khi hiéu chinh, cho khu
vuc Tay Nguyén tai hai ngudng 10 mm va 30
mm va cac han du bao tir W1 dén W6.

C6 thé thay, sau khi hi¢u chinh k§ nang du
béo ctia md hinh cho ngudng 10 mm kha tét. PC
dao dong trong khoang 0,66-0,92, POD dat
0,75-1,00 va TS dat 0,58-0,92, trong khi FAR
giam xudng con khoang 0,08-0,37. Miurc cai
thién thé hién rd nhat & cac W1-W2, véi POD



12 N. K. Chi, P. V. Tan / VNU Journal of Science: Earth and Environmental Sciences

tang khoang 0,27-0,58 va FAR c¢6 noi chi mua nho, ddng thoi 1am giam sO trudng hop du
khoang 0,1-0,2. Pi¢u nay cho thay viéc hiéu bao khong so véi san pham cia mo hinh goc.
chinh da lam tang kha nang phat hién cac sy kién

Nguéng 10 mm Ngudng 30 mm

Tuén 1Tudn 2Tudn 3Tuédn 4Tudn 5Tuén 6  Tuan 1Tudn 2Tuan 3Tudn 4Tuan 5Tudn 6

Nlll 13300

PC PC
(Sau-Trudc) {Hiéu chinh)
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TS FAR
(Sau-Trudc)
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Hinh 7. Phan b khong gian cuia céc chi s6 PC, POD, FAR, TS sau khi hiéu chinh va chénh léch cua chung so
v6i trude khi hi¢u chinh ¢ ngudng mua 10 mm (bén trai) va 30 mm (bén phai) cia m6 hinh S2S-ECMWF
trén khu vuc Tay Nguyén giai doan 2003-2022.
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Tai ngudng 30 mm, hiéu qua cta viéc hiéu
chinh van duoc ghi nhan nhung thip hon so véi
ngudng 10 mm. Cu thé, sau hiéu chinh, gia trj
POD dao ddong trong khoang 0,24-0,97, TS dat
khoang 0,23-0,68, trong khi FAR giam dang ké
trén toan khu vuc, dac biét trong cac tuan dau.
Tuy nhién, k¥ nang du bao tai ngudng nay con

Ngudng 10 mm
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phan héa manh theo khong gian va han dy bao.
Hinh 7 ciing cho thdy hiéu cua PC, POD va TS
sau hi¢u chinh so véi trudc hiéu chinh déu
duong, con hiéu ciia FAR chu yéu 4m, chimng to
viéc hiéu chinh di cai thién rd rét chat lwong du béo
céc su kién mua cua S2S-ECMWEF, dic biét dbi vai
ngudng mura nhé va cac han dy béo ngan hon.
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Hinh 8. Tuong tu hinh 5 nhung cho trudng hop sau hi€u chinh.

Hinh 8 trinh bay cac duong cong ROC va gia
tri cua AUC, dugc xdy dung cho cac ngudng
mua 10, 20, 30 va 40 mm sau khi hiéu chinh cho
toan khu vuc Tdy Nguyén. Qua d6 nhan thiy,
vi€c hiéu chinh da céi thién r6 rét kha nang phan

biét cac su kién c6 va khong cdé6 mua vuot
ngudng so voi trude khi hi€u chinh (Hinh 5). So
v6i du bao gbc (Hinh 5), cac duong ROC sau
hiéu chinh déu nam phia trén duong chéo 45° va
dich chuyén rd vé& goc trén bén trai, phan anh sy
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gia ting x4c suét phat hién dung dong thoi giam
xéc suat phat hién sai.

Gia tri AUC sau hiéu chinh phan 16n vuot
qué 0,8, tham chi trén 0,9. O W1, AUC dao dong
trong khoang 0,92 tai ngudng 10 mm dén 0,96
tai nguong 40 mm. Khi han dy bao tiang 1én,
AUC c¢6 xu hudng giam dan. Tuy nhién, ngay ca
& W6, AUC van duy tri khoang 0,78-0,80, cao
hon 10 rét so véi trude khi hiéu chinh. Sau hiéu
chinh k¥ ning du bao kha 6n dinh ddi voi tat ca
cac ngudng mua. Piéu nay, ching té viéc hiéu
chinh da nang cao kha nang phat hién cac sy kién
mua, tir mua nho dén mua vira va mua lén.

4. Két ludn

Nghién ciru nay da danh gia kha nang du bao
mua han néi mua cua san phém S2S-ECMWF
cho khu vuc Téy Nguyén trong giai doan chuyén
tiép tir mia kho sang mua mua (thang 3-4), trén
co s so sanh vé6i s6 liéu quan tric giai doan
2003-2022. Ddng thoi, nghién ctru ciing da thir
nghiém hi€u chinh lugng mua du bao b?mg
phuong phap mang than kinh nhan tao (ANN)
nham danh gia kha ning cai thién chét luong san
pham dy bao.

Két qua nhan dugc cho théy san phém du bao
gbc ctia S2S-ECMWF ¢6 kha ning ndm bét duoc
mdt s6 dic diém phan bd cua lugng mua, dac biét
d6i voi cac sy kién mua nho. Tuy nhién, chat
lugng du bao dinh lugng mua con khé han ché.
Sai s6 ME ¢6 xu huéng thién duong ¢ nhiéu khu
vue, nhét 13 & cac han du bao dai; RMAE nhin
chung con cao, trong khi hé sé tuong quan
CORR thap, thdm chi mang gia tri am ¢ mot s6
noi va mot sd han du bao. Céc chi s6 danh gia du
béo pha ciing cho thdy mé hinh c¢6 k¥ ning tot
hon & cac ngudng mua thap, nhung suy giam rd
rét khi ngudng mua tang. Cu thé, mo hinh c6 kha
ning phat hién mua & ngudng 10 mm tuong ddi
t6t trong mot s6 han du bao. Tuy nhién, khi cac
nguong mua tang lén, dac biét tir 30—40 mm, xac
suét phat hién cac sy kién mua (POD) va k§ ning
du béo (TS) ctia md hinh gidm 10 rét, con ty 1€
bao dong sai (FAR) thi ting 1én. Viéc xem xét
chi s6 BIAS ciing cho thdy mo hinh con bo sot
nhiéu sy kién mua vira dén mua 16n. Ky ning

phan biét cac truong hop co6 va khong cé6 mua
vuot ngudng cua mo hinh, dugc phan anh qua
dudng cong ROC va chi s§ AUC, rat kém.

Sau khi hiéu chinh biang ANN, chit lugng dur
bao cua S2S-ECMWEF da duoc cai thién rd rét.
Sai s6 RMAE giam dang ké, hé s6 twong quan
CORR tang manh, dac biét ¢ cac han du bao gﬁn.
So v6i du bao ciia mé hinh gdc, viéc hiéu chinh
d3 lam tang dang ké POD, TS va lam giam FAR
13 rét. Viéc phan tich duong cong ROC va chi sb
AUC cho thdy, viéc hiéu chinh da lam ting kha
nang phan biét cac su kién mua vuot ngudng mot
cach 1o rét so voi khi chua hiu chinh.

Qua d6 co thé ndi, viéc tng dung phuong
phiap ANN dé hiéu chinh san phim mua cia
S2S-ECMWF 1a huéng tiép can c6 tiém ning
trong viéc nang cao chat lvong dy bao mua han
ndi mua cho khu vuc Tay Nguyén trong cac
thang chuyén tir mua kho sang mua mua. Viéc
sir dung trung binh t6 hop tir két qua hiéu chinh
ciia ANN v6i bd céc bién dau vao khac nhau,
kién tric mang khac nhau 1a cach tiép can
hop 1y, gitip 1am giam tinh bat dinh cta san phdm
du bao.

Mic du vay, hiéu qua cuia viéc hiéu chinh van
¢6 xu hudng giam khi han du bao kéo dai, kha
ning du bao cac sy kién mua 16n van con la thach
thirc. Hon nita, do han ché vé do dai chudi s0 liéu
(20 nam, mdinim cé 17 phién du bao), viéc danh
gia cho tung 6 ludi, ting han du bdo va ting
ngudng lugng mua s€ dﬁn dén, trong mot s6
truong hop, dung lugng mAau s& qua nho dé dam
bao do on dinh thdng ké, dic biét ddi véi cac
ngudng lugng mua cao. Piéu d6 co thé 1am ting
tinh khong chic chan trong két qua nhan duoc.
Boi vay, can phai ¢6 nhitng nghién ctru sau hon
truée khi dwa vao ung dung nghiép vu. Ching
han, ngoai ANN c6 thé sir dung cac mo hinh hoc
may, hoc sau khac cling nhu lam tang dung
lugng mAu bang cac giai phap khac nhau. Ngoai
ra, d¢ dam béo tinh khach quan, cling can chay
du bao thir nghiém doc 1ap trén bo so li¢u dua dai.
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