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huong phdp loc Kalman dugc nha todn hoc ndi tiéhg‘KalMan dé xudt tir ndm 1960
Pva trd thanh mot cong cu thbéng ké hitu ich trong bai todn hi¢u chinh sau mé hinh.
i - PhdnlIcia baz bdo [6] da tr inh bay co s ly thuyet cia loc Kalman dya trén Iy thuyét
xac Suat thong ké va ddc tru‘ng bzen ngau nhién. Phdn II ndy sé trinh bay cdc két qud nghién ciu

'u‘ng dung loc Kalman hzeu chmh cdc ket qud du bdo t; Uc tzep tir mé hinh HRM [1] cho m{t s¢&
bzen bé mat tai 25 tram Synop dwa trén. chuoz 50 "ligu 7 thang 1 0]/07/2005 cho dén 31/01/2006.
Cac ket qud danh gza da cho thdy su cdi thzen d'ang ke tr ong chdt lugng dy bdo khi hiéu chinh
cdc dw bao tric tzep tix m6 hinh HRM bang loc Kalman ‘

1. it van dé

Trong 20 nim trd lai day, dy bdo thdi tiét
bing phuong phdp s& di dat dugc nhiéu thanh
tu kha quan va gép phan ning cao chit lugng
dy bdo. Tuy nhién do bdn chat r6i cda khi
quyén cfing nhu tinh phi tuyé&n trong cdc bai
todn khi twgng ma cdc két qué dy bdo dinh
lugng tric ti€p td md hinh (DMO-Direct
Model Output) ludn chifa mdt sai s6 ndo do,
dic biét 1a du bdo cho cdc bién khi tugng bé
mit. D€ cdi thién DMO ciia cdc m6 hinh, cdc
phuong phdp hiéu chinh sau mé hinh da dugc
phét trién va dua vao dng dung trong dy béo
nghiép vu nhv phudng phdp théng ké sau md
hinh MOS (Model Output Statistics) [7], [11],
duy bdo hoan hdo PP (Perfect Prognostic) [7],
GAM (Generalized Additive Models) [14],
mang than kinh nhdn tao ANN (Artificial
Neural Network) [9] va loc Kalman [8],[10].
V& cd ban, cdc phuong phdp MOS va PP 1a
hdi quy tuyén tinh da bi€n don gidn. Tuy
nhién, MOS va PP doi hdi mot ¢d sd dit liéu
16n khi tinh todn céc hé s6 hdi quy va chi cé
hiéu qua khi cdc dic trung sai s6 12 khong thay

* Ngudi phén bién: ThS. P§ Lé Thuy

ddi hodc c6 thay d8i mdt cdch cé hé thong.
Vi sif phdt trién manh mé clia khoa hoc mdy
tinh, cdc phudng phép phi tuyén nhu GAM va
ANN d4 dudc phdt trién va @ng dung rong rii.
Nhuge diém 16n nhat clia hai phuong phdp phi
tuyén nay 13 doi héi s6 liéu 16n va phic tap
trong tinh todn.

Loc Kalman dugc dé xu4t bdi nha todn hoc
Kalman vao ndm 1960 va da dudc tng dung
khd réng rii trong cdc bai todn khong gian nhuw
hiéu chinh qu¥y dao ctda tau vi try, hiéu chinh
céc két glia dy bdo khi tugng thily vin. Phudng
phdp loc Kalman thyc chét 1a mot k§ thudt loc
t61 wu v6i cdc hé s hiéu chinh duge cip nhit
lién tuc theo thdi gian dua trén viéc phéin tich
ban chat sai s6 du bdo clia mot vai chu ky dy
béo tride. Ngoai ra, loc Kalman khong doi héi
nhiéu vé& chi phi tinh todn va bd s& liéu phu
thudc. Tai nudce ta, loc Kalman da duge nghién
cttu cho bai todn dy bdo dong chdy thly vén tir
nam 1990 [2], va gin d4y 14 cho bai todn hiéu
chinh céc sdn ph&m du bdo tif md hinh dy bdo
thdi tiét s6 va cdc du bdo quy dao bio tif cdc
trung tdm dif bao qudc t& [3],[5]. Cdc két qua
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nghién citu loc Kalman tir cdc cong trinh nay
da cho thay tinh uu viét clia loc Kalman trong
viéc loai bd céc sai s6 hé thong va tinh khd thi
trong bai todn du bdo nghiép vu.

Tai Viét Nam, du bdo thdi ti€t s6 bit dau
dugc nghién ciu va #ng dung tif ndm 2000 va
budc dau thu duge nhidu k&t qua kha quan. Céc
m6 hinh du bdo s6 khu vyc ldnh thd han ch&
da va dang dugc nghién cttu phai k€ dén nhu
mé hinh HRM [1], MM5, ETA, RAM va gin
day 12 WREF. Trong d6, md hinh khu vyc phén
gidi cao HRM da dugc chay nghiép vu tai
Trung tdm Dy bdo Khi tugng thdy vén Trung
wong (TT DBKTTV TU) tir nm 2002 cho dén
nay. Hién tai, m6 hinh HRM thyc hién dy bdo
thdi han 48 gid cho hai khu viyc: khu vuc 16n 5°
$-359N, 80°-130°E vGi d6 phan gidi ngang 12
28km va khu vuc nhd: 7.125° - 27.125%N,
97.25°-117.25°E v6i do phan gidi ngang 1a 14
km. HRM st dung cdc trudng phén tich va du
bdo t md hinh toan ciu GME. M6 hinh HRM
v6i ma ngudn md 12 mo hinh s& dau tién dugc
dua vao nghiép vu tai TT DBKTTV TU, gép
phén quan trong trong cong tdc dy bdo tdc
nghiép. Tuy nhién, do nhiing han ch€ trong
dong luc, vat 1y, tham s6 héa va ban dau héa
clia m6 hinh HRM, dic biét 12 nhiing thi€u sét
trong cdc trudng phén tich bé mat va 4m clia
m6 hinh toan ciAu GME, nén chat lugng du bdo
clia m6 hinh HRM vén con nhiéu han ché€, dic
biét 12 trong dif bdo cac bién khi tugng bé mit.
P& khic phuc nhitng han ché nay, nhém
nghién citu @& xudt thit nghiém tng dyng loc
Kalman d& hiéu chinh cdc du béo tryc ti&p cho
céc bién bé mit nhim muc dich cdi tién chat
lugng dy bdo tit m6 hinh HRM. Céc két qué
khao sit sai s§ dy bdo tryc ti€p tf HRM va
d4nh gié k§ nang cai thién chat lugng dy bédo
sau khi 4p dung loc Kalman cho cdc han du
bdo va 25 tram nghién cttu s& dugc 1an lugt
trinh bay trong cdc muyc ti&p theo.

2. M6 ta tap s0 liéu nghién citu
Trong nghién ciu nay, tdc gid st dung
md hinh khu vuc phan gidi cao HRM

(High resolution Regional Model) cho khu vyc
16n. V& mit ddng luc, phién bdn HRM st dung
& ddy 12 mo hinh thily tinh v6i ddy dd tham 8’
héa d6i luu, vi vat 1y may, bifc xa va 18p bién.
Dé nodi suy két qué dy bdo trén ludi vé toa dd
tram, chiing t6i st dung phuong phép don gidn
nh4t va s&n c6 trong md hinh HRM, coi gi4 tri
du bo tir m6 hinh tai mot tram cin quan tdm
1 gié tri du bdo clia nit lui gln tram d6 nht.
Tap s6 liéu st dung trong nghién cttu nay bao
gdm cdc thong tin dy bdo ciia cdc bién: nhiét
do6 khoéng khi tai d§ cao 2m (T2m), nhiét d6
diém suong tai d6 cao 2m (Td2m) va t8c do
gi6 tai do cao 10m (SP10m) cho cdc han du
bdo +12h, +24h, +36h va +48h va cdc gid tri
quan tric tuong Ung tai 25 tram synop phdt bdo
quéc t& (xem hinh 2) cho chubi thoi gian tif
01/07/2005 cho dén 31/01/2006 (chi 18y phién
du bdo 00GMT). Trong nghién citu nay, ching
t6i chuta 4p dung cho bién hudng gi6 bdi vi dai
lugng nay mang tinh ngdu nhién cao va khong
8n dinh. P& dénh gid ban cht sai s6 clia mo
hinh HRM va hiéu qud cla viéc dp dung loc
Kalman theo mia déng v mia he, 2 bd s6
lidu con dugc tdch ra tir b s8 ligu trén gém: bd
s6 lieu tir 01/07/2005 cho dén 30/09/2005 va it
01/10/2005 cho dén 31/01/2006. Do loc
Kalman cin mot bd s liéu phu thudc (training
dataset) dé wdc lugng, nén céc trudng dy bdo
va quan tric dugc 1dy 1ui lai 7 ngady tuong dng
cho mdi chudi s6 liéu con (ti¥ ngay 23/06/2005
cho chudi s6 liéu mia h& va tir 23/09/2005 cho
chudi s6 liéu mua dong). Céc dic trung thong
ké dugc st dung d€ danh gid bao gdm: sai s6

trung binh ME (Mean Error hay cdn goi 1a

BIAS), sai s0 tuyé&t doi trung binh MAE (Mean
Absolute Error) va cdn bic hai cda sai s6 binh
phuong trung binh RMSE (Root of Mean
Square Error). Cong thifc tinh cdc dai lugng
nay nhu sau:

N
ME=~3"(F,-0) W
N3
1&,
MAE=—-D |F,-0] @
i=1
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N
RMSE:\/.]%I_Z(E_Qi)Z (3)
i=1

Trong d6, N 12 s6 trudng hgp nghién ciu, F;
va O; tuong ting 12 gid tri dy bdo va quan tric
14n thit i. Dua trén sai s§ trung binh (hoic
BIAS) ta c6 thé nhan dinh dugc xu thé sai s&
dy bdo clia m6 hinh tai tirng tram nghién cifu
12 1&ch duong (dy bdo cao hon so véi thurc t€)
hoic 1éch 4m (du bdo thap hon so vdi thuc t&).

Céc dic trung vé toa d6, do cao thyc t& va d6 -

cao trong mé hinh cdia 25 tram nghién ctfu
dugc dua ra trong bdng 1. Phan bd theo khong
gian cda 25 tram nghién ciu dugc mo ta trong
hinh v& 1. Hinh 1 cho thdy ¢6 7 tram ddo dugc
nghién ciu. Néu phan chia theo khu vuc, ¢é 8
tram thu6c Bic B9, 8 tram thudc Trung B va
9 tram thudc Nam Bd. Tt bdng 1 c6 thé thiy
st khéc biét ddng ké gitta do cao thuc va do
cao trong md hinh tai cdc tram nghién cttu. Sy
khdc bi€t nay ciing 1a mét nguyén nhén quan
trong gay ra sai sd du bdo.

Hinh 1. Phén b6 theo khong gian cia

25 tram nghién citu
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Bdng 1. Cdc ddc trung toa dé va dp cao ciia 25 tram syndp phdt bdo quéc t¢
(Tht tu cdc tram dugc x&p theo chiéu tit Bic vio Nam, cdc tram 1-8 thudc Bic B6, 9-16
‘ thudc Trung B0, cdc tram cdn lai thudc Nam BO)

TT Tén tram M4 Tram Vido Kinh do P cao D0 cao trong mo
thue t€ (m) hinh (m)
1 | CaoBing 48808 22.67 106.25 243 83.01
2 (LioCai 48803 22.5 103.97 97 366.49
3 Lz;mg Son 48830 21.83 106.77 263 37149
4 |Sonla 48806 21.33 103.9 676 782.13
5 | Ha Noi (Ldng) 48820 21.0 105.88 7 18.16
6 | PhiiLién 48826 20.8 106.63 - 116 2.66
. 7 | Nam Dinh 48823 20.43 106.15 3 2.66
8 | BachLong V§y 48839 20.13 107.72 56 0.01
9 | Thanh Hoéa 48840 19.75 105.78 5 14.39
10 | Vinh 48845 18.67 105.68 6 592
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TT Tén tram Ma Tram Vido Kinh dd PO cao Da cao trong m6
thire t&€ (m) hinh (m)
11 | Bdng Hdi 48848 17.48 106.6 8 133,49
12 | Hué 48852 16,43 107.58 . 9 28.86
13 | Pa Ndng 48855 ©16.03 108.2 7 14,39
14 | Pléiku 438866 13.98 103.0 779 729.1
15 | Quy Nhon 48870 13.77 109.22 6 60.17
16 | Nha Trang 48877 . 12,22 109.22 -4 - 0,01
17 | Song Tw Tay 48892 11,42 114,33 5 0.01
18 | Phan Thiét 483887 10.93 108.1 5 106.87
19 | Hd Chi Minh 48900 10.82 106.67 . 10 7.25
20 | Phd Qué’c 48917 10.22 103.97 4 48.75
21 | Thé Chu 48916 9,28 103.47 0 0.92
22 | Ca Mau 48914 9.18 105.15 3 1.03
23 | Co6n son 48913 8.68 106.6 9 8.67
24 | Trudng Sa 48920 8.65 111.92 3 0.01
25 | Hoyén Trin 48919 - 8.02 110.62 19 0.01

3. Cdc dic trung sai so trong dy bdo cdc
trudng bé miit cia mé hinh HRM

Cdc k&t qué khdo sdt sai s6 dua trén 3 dai
lugng thong ké 1a BIAS, MAE va RMSE trung
binh trén 25 syndp nghién citu cho 3 bi€n khi
tugng: T2m, Td2m va SP10m tai cdc han du
bdo +12h (F12h), +24h (F24h), +36h (F36h)
va +48h (F48h) tuong tng cho mua hé va mua
déng duge minh hoa trong cdc hinh v€ tir hinh
v& 2 cho d&n hinh v& 4. Tir hinh 2 ¢6 thé thdy
md hinh HRM c¢6 BIAS cho dy bdo T2m va
Td2m thap hon so véi thyc t€ trong cd milia he
va mia dong. Ngugc lai, du bdo SP10m lai
cho cao hon so véi thuc t&. BIAS clia mdi bién
du bdo 12 ciing du cho tdt cd cdc han du béo.
Gid tri BIAS 16n tim thay trong dy bdo SP10m
va kh4 nhé d6i véi du bdo nhiét d6 T2m. T
céc chi s8 thdng ké MAE va RMSE, c6 thé
nhan thdy sai s6 dy bdo cho ¢ 3 y&u td trong
mia dong 12 16n hon so v4i mia he. Hai chi
s& nay dao dong trong khodng ti¥ 1 cho dén
2.5. Ngoai ra, khi nghién cttu k§ 3 déc trung
thong ké néi trén cho tirng bién dy béo tai cdc
han du bdo, tram nghién cifu va mda du bdo
kh4c nhau ching t6i nhan thdy BIAS tai mbi
tram nghién ctfu va tiing bi€n dy bdo 12 rat
khéc nhau. Su khdc nhau trong gid tri BIAS
theo khong gian (tiing tram) va thdi gian (ting

mila) phdn dnh sy tdc dong clia cdc dic tinh
dia phuong tdi chét lugng du bdo tif md hinh
HRM. Tuy nhién, BIAS theo cdc han dy bdo
cho tirng bién dy bdo va tram nghién ctu 1a
tuong ddi thong nhét (cung ddu). Viéc khdo
sat tinh chat sai s6 dua trén chi s6 BIAS trong
nghién cifu nay thu nhan duge mot s két qud
chinh nhu sau:

- C6 mot sy lién hé gitta sai s6 dd cao dia
hinh v BIAS trong dy bdo nhiét d§ khong khi
tai d6 cao 2m (T2m): nhifng tram cé BIAS &m
(du bdo thap hon so v6i thyc t€) 12 nhiing tram
6 sai s6 dia hinh duong (tifc 14 d9 cao trong
md hinh cao hon so véi d6 cao thuc t€) va
ngudc lai. Sai s§ dia hinh ma cang I6n thi
BIAS cang 16n. \

- B&i véi du bdo T2m va Td2m, vao mla
hé gid tri BIAS tai cdc han dy bdo +12h va
+36h thudng 16n hon cdc han dy bdo +24h va
+48h. Ngudc lai, vao mia ddng, BIAS cho céc
han du bdo +24h va +48h lai 16n hdn so v6i
hai han dy bdo con lai. Diéu nay ngu ¥ ring
du bdo nhiét d6 tdi cao c¢6 BIAS 16n hon so
v6i du bdo nhiét d6 t8i thdp vao mia heé va
ngudc lai.

- P6i véi du bdo SP10m, cdc tram dédo
thudng c6 BIAS 16n hon so vdi cdc tram trén

—
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dat lién.

- N6i chung BIAS gilt nguyén xu thé khi
chuyén tir miia hé sang mua d6ng ddi vdi du
bdo T2m, Td2m va SP10m tai tit cd cdc han
du bdo. Ngoai trit trudng hop ctia bién T2m vi
Td2m cho khu vic Nam B9 1a c6-BIAS thay
d6i gin nhu ngugc lai khi chuyén tir miia he
sang mila dong.

T cdc két quid ddnh gid dua trén chi s&

thong ké MAE, chiing t6i cling thu dugc mot -

- $6 két qud nhu sau:

- V& miit trung binh, gid tri MAE bién d6i
trong khodng tir 1-2,5°C d6i vdi cdc bién nhiét
dd T2m va Td2m (ngoai trit mot s& tram nhu
48803, 48808 thudc Bic B, 48840 & Trung
B0 va 48887 3 Nam B6) va 1,5-3m/s d6i véi
toc do gié tai d6 cao 10m. P6i vdi T2m va
Td2m, gid tri MAE cho cdc tram thudéc Nam
B0 12 nhé hon so vdi cdc tram Trung B va
Bic B0, cdc tram Béc B0 néi chung ¢6 gid tri
MAE 16n. Sy bién d6i gid tri MAE tir miia he
sang mila dong thé hién rd & c4c tram Bic B9,
cdc tram thudc Trung B§ va Nam Bd ndi
chung thay ddi khéng ddng ké, dic biét 1a

vung Nam B§:

- C4c tram trén bién thudng c6 MAE cho
trudng nhiét va 4m thap hdn so vdi cdc tram
trén dat lién.

- D6i v6i dy bdo nhiét dd T2m, gid tri MAE
cla cdc han dy bdo +12h va +36h thudng 16n
hon so véi hai han du bdo +24h va +48h trong
cé hai mua.

- Sy bién thién manh ciia MAE cho dy bdo
t6c d6 gi6 theo mila thé hién rd rét qua cdc
tram & khu vigc Nam B6.

D6i véi dai lugng RMSE, néi chung RMSE
bién déi tr 1-2,5°C trong mia hé va 1,5-3°C
trong mia d6ng d6i véi cdc bién T2m va
Td2m, tir 1-3m/s d6i véSi bi€n SP10m. Ngoai
ra, cdc dic trung bién d6i cia RMSE theo
khong gian (theo tiing ving) va thdi gian (tit’
hé sang d6ng) trong nghién citu nay 13 gin
tuong tw nhu cdc dic trung dd dugc néu trong
phin ddnh gid d6i vdi dai lugng théng ké
MAE (toan bd phan khdo sét sai s& nay, c6 thé
tham khdo chi tiét chi [4], bai bdo nay chi dua
ra nhitng k&t qua chinh).

Hinh 2. Gid tri BIAS

trung binh trén 25

tram nghién ciiu ciia

3 bién dy bdo tai 4
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Hinh 3. Gid tri MAE
trung binh trén 25
tram nghién citu ciia 3
bién dy bdo tai 4 han
du bdo tiong itng cho
mua he (a) va mia
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Hinh 4. Gid tri PMSE

SRMBIE trung blok
w B w B W B o B & & o

’ T st e i
- B . L w B oL B - £ .

trung binh trén 25 tram
nghién citu ciia 3 bién
du bdo tgi 4 han dy bdo
twong ting cho mia he

4. Mgt s6 két qua ing dung loc Kalman hiéu
chinh cdc dy bdo tryc ti€p tit mé hinh HRM

Trong nghién ctfu ndy, ching toi st dung
b6 chuong trinh md ngudn loc Kalman cia
Trung tdim Dy bdo Han vita Chiu Au
(ECMWF) véi mot sd thay d6i nhd @& phit hgp
v6i bai todn Viét Nam. D€ ddnh gid hiéu qué
cla viéc dp dung loc Kalman hiéu chinh cédc
dy bdo T2m, Td2m va SP10m so vdi du bdo
trurc ti€p tir mo hinh (control forecast), trong
nghién cifu nay chiing t6i s dung chi s8 théng
ké RSS (Relative Skill Score) dugc dinh nghia
nhu sau:

E conlral EI" 7 Kalman % 1 00%

E’ L control + EI‘ 7 Kalman

" RSS= )

Trong d6 Err,gnrer 12 sai s6 clia du bdo
triyc ti&p tit mo6 hinh, Errgapme, 12 sai so cla
du bdo di duge hiéu chinh qua loc Kalman va
gid tri clia chi s6 RSS dugc tinh bing %. T
cong thic trén c6 thé thdy néu RSS mang gid
tri duong, thi cé nghia 1a dy bdo c6 dp dung
loc Kalman cho sai s& dy bdo nhd han so véi
dv bdo tryc ti€p. Hay ndi cdch khdc, loc
Kalman d3 dua dén mot sy cdi thién trong chat
lwgng dy bido, midc do cdi thién tuong doi s&
dugc biéu hién qua gid tri cda chi s6 RSS.
Trong trudng hdp ngudc lai, tic 14 RSS am,
thi khong c6 bat ky su cdi thién nao, thim chi

viéc 4p dung loc Kalman cdn 1am cho sai s6

dy bdo ting 1én. Trong nghién ctu nay, chuing
t61 4p dung chi s& RSS cho 2 chi s6 thong ké
1a MAE va RMSE va qué trinh ddnh gid dugc

(a) va mua dong (b)

4p dung cho 2 tity chon loc Kalman 12 sg do
mdt tham s& va sd db hai tham s (xem phén
I ctia bai bdo [6]). Tir cdc dic trung phin bd
theo khdng gian (theo ting tram) va theo thdi
gian (han dy bdo) cda chi s§ RSS chiing t6i
thu dugc mot s6 két qud nhu sau:

- Hiéu chinh cdc k&t qud dy bdo T2m,
Td2m va SP10m biing loc Kalman cho chi s6
RSS 6 gid tri duong tai hdu hét cdc trudng
hgp (theo titng han dy bdo, tai ting tram
nghién citu, theo mia va d6i vdi titng thy chon
sg dd mot tham s hay hai tham s0). Ngoai trit
mdt vai trudng hdp cé chi s6 RSS dm, nhung
gid tri khong 16n (khong vugt qud 5%). Cdc
két qua nay chitng 4 viéc dp dung loc Kalman
da mang lai mot sy cai thién chat lugng du bdo
s0 v6i dy bdo tric ti€p tif mo hinh véi mifc do
cdi thién iy thudc vio tirng bién dy bdo, han
dy bdo, mua, tiy chon so d6 va tifng tram
nghién citu.

~D6i v6i duf bdo nhiét do khong khi tai do

‘cao 2m (T2m): cdc két qué cho thdy mifc do
"c4i ti€n d6i v6i cdc tram viing Bac B 16n hon

cdc tram ving Trung B va Nam B0 trong cd
mia hé 1in mia dong. Viéc dp dung loc
Kalman hiéu chinh dy bdo T2m cho cdc tram
Nam B6 mang lai sy cdi tién khong ddng ké.
Dic biét 1a cdc tram trén bién (do c6 sai s0 hé
thong nhd). Trong miia ddng, sy cdi tién 12 16n
hon so véi mia hé. P&i véi cdc tram thude
Trung B6 va Nam BG, trong hiu hét cic
trudng hdp s0 d6 mot tham s6 cho sai s0 y nhd
hon so d6 hai tham s6. Tuy nhién, doi véi cdc
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tram thudc Bic B6, vao mia h& sd dd mot
tham s& 12 t8t hon, nhung vao mila dong thi sg
dd hai tham s& lai cho su cdi thién 16n hon.
Mot s6 tram cho thdy sy cai thién ddng ké
(trén 40%) trong chit lugng du bdo T2m la
48808, 48803 va 48848.

-D&i véi du bdo nhiét dd diém sudng tai do
cao 2m (Td2m): su cdi thién trong chit lugng
du bdo trong miia hé tai hau hét cdc tram va
han du bdo 12 khong nhiéu ngoai trit mot s&

tram nhu 48803, 48830. Sy cdi thién 16n tim-

thdy vido mia déng, dic biét 1a d6i vdi cdc
tram thudc Bic B6. Ciing giong nhu trudng
hop bién T2m, viéc so sdnh mifc dd cdi tién
gifta hai sd dd loc Kalman trong trudng hop
nay cho thdy vao miia hé sd d5 mot tham s6 1a
t6t hon, nhung vio mia déng so d6 hai tham
$6 lai cho su cdi thién 16n hon. Mot s6 tram
cho chi s6 RSS 16n phdi k€ dén nhu 48803,
48887. Sy cdi thién trong chit lugng du bdo
clia cdc tram dat lién 13 16n hon nhiéu so véi
céc tram trén bién.

- P&i véi du bdo tdc d6 gi6 tai dd cao 10m
(SP10m): s cai thién dang k€ tim thdy tai hiu
hét cdc tram nghién cfu va han dy bdo. Céc
tram trén dat lién c6 chi s6 RSS duong va 1dn
hon nhidu so vdi cdc tram trén bién. Khic hin
v6i du bdo T2m va Td2m, sd db hai tham s6 1a
t6t hon sd d6 mot tham s8 trong hau hét trudng
hgp va mia dy bdo. Nhu trudng hdp cta cdc
tram 48803, 48870 va 48877. N6i chung, viéc
ap dung loc Kalman hiéu chinh du bdo SP10m
cho céc tram thudc Trung Bo, cho sy cdi thién
16n nhat

- Su cdi thién 16n trong chit lugng du bdo
tai mot tram nao d6 (cé chi s& RSS duong va
16n) c6 mdt moi lién hé chit ché véi dic trung
sai s8 tai tram d6. Tic 13, khi BIAS dy bdo ma
cang 16n thi chi s6 RSS duong s& cang 16n.

- Khi 4p dung loc Kalman, mic d6 cdi ti€n
ddi véi cdc dic trung théng ké MAE va RMSE
12 gin nhv nhau.

- Sau khi 4p dung loc Kalman, sai sd hé
th&ng 12 gan nhu dugc loai bd, tic 12 BIAS gan
bing khong.

Céc hinh v& 5-7 minh hoa mdt s& k&t qud
so sdnh chi s& RSS giita cdc so d6 loc Kalman
mdt tham s6 (SD1) va hai tham s6 (SD2) cho
cdc bién du bdo T2m, Td2m va SP10m cho hai
dai lugng thong k& MAE va RMSE cho 25
tram nghién ciu vao mita dong. C4c hinh vé 8
va 9 minh hoa cho mot s6 két qud nghién ctu
tng dung loc Kalman hiéu chinh dy bdo T2m
tuong ¥ng tai cdc tram Cao Bing (48808) va
Lao Cai (48803) cho chudi s6 liéu mia dong.
Cé6 thé nhdn thdy, trudc khi dp dung loc
Kalman, sai s6 hé thong 14 khé rd. Tuy nhién,
sau khi qua loc Kalman, sai s& hé thdng hiu
nhu dugc khit hodn toan nhu trong trudng hgp
tram Lao Cai. Su khtt dugc sai s8 hé thdng ndy
din dén sy cai thién ddng ké trong chat lugng
du béo, tdc 12 gidm déng k€ sai s6 tuyét doi
trung binh MAE v cin bic hai clia sai s6 binh
phuong trung binh RMSE. Tur viéc so sdnh
gifta gid tri quan tric, gid tri dy bdo tryc tiép
tlr md hinh va da hiéu chinh qua Kalman cho
toan bd chudi s6 liéu ta c6 thé nhan thiy sy
cii tién 12 kh4 8n dinh.
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Hinh 5. So sdnh chi s6'RSS(%) ciia bién T2m tai cdc han dy bdo +12h (a) va +36h (b) cho chi
s6" MAE (dang cdt) va RMSE (dang duimg) giita so dé 1 tham sé6'(SD1) va hai tham s6 (SD2)

cho 25 tram nghién ciiu vao mita he.
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Hinl 6. So sdnh chi s6'RSS(%) ciia bién Td2m tgi cdc han dy bdo +12h (a), +36h (b), cho chi
56" MAE (dang cft) va RMSE (dang duing) gita so do 1 tham s& (SDI) va hai tham s6'( SD2)
cho 25 tram nghién citu vao mia dong.
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Hinh 7. So sdanh chi s6' RSS(%) ctia bién SP10m tai cdc han dy bdo +12h (a) va +24h (b) cho
chi s¢" MAE (dang cdt) va RMSE (dang duong) gitia so do 1 tham sé'(SD1) va hal tham s6'(SD2)
cho 25 tram nghién citu vao mua dong.
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i A : han +12h tgi tram Cao

; Bang (48808) cho chudi
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biéu do khuéch tin (a) va
(b) mé td sai s6'hé thong
ctia dy bdo tryc tiép tik
HRM va sau khi loc
v Kaliman. Hinh nho (c) va
© ——Obs —=Kalman — HRE1 ' (d) so sdnh gid tri MAE

A /[ va RMSE trudc va sau
nWMM\f\\A f.‘ ot X khi lpc Kalman. Hinh.
~ i . _.’_‘(3- . T s nhé (e) so sdnh gid tri
, kx!k\-g’f‘, i A %M 2N quan trdc (Obs), di bdo
. | — \FSaAAY truc tiep (HRM) va da
' hiéu chinh (Kalman)
cho toan bé chudi sé ligu
R e AR E L miuta dong.
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(48803) cho chubi sé'licu
mua dong. Cdc biéu dé
khuéch tdn (a) va (b) méd

- | td sai s6'hé théng ciia du

bdo truc tiép tit HRM va
sau khi loc Kalman.
Hinh nhé (c) va (d) so
sdanh gid tri MAE va

RMSE truée va sau khi
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loc Kalman. Hinh nho (e)
so sdnh gid tri quan trac
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(Obs), du bdo truc tiép
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(HRM) va da hiéu chinh
(Kalman) cho toan b
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chudi sé'liéu mia dong.
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5. K&t luan

Théng qua viéc tim hi€u cd s8 1y thuyét clia
loc Kalman ti¥ t6ng quan cho dén cdch tié€p
cin cho bai todn hiéu chinh sau m6 hinh khi
turgng, trong nghién citu nay ching toi da thi
nghiém 4p dung bd chuong trinh loc Kalman
cda Trung tdm dy bdo han vira Chiu Au
(ECMWF) d€ hiéu chinh cdc két qué du bdo
nhiét d6 khong khi (T2m) va nhiét d6 di€ém
suong (Td2m) tai d6 cao 2m, toc d6 gié tai dd
cao 10m (SP10m) tit m6 hinh khu vyc phén
gidi cao HRM cho 25 tram syndp phdt bdo .
qudc t€ vdi cdc chudi sd liéu mla he va mia
dong trong nim 2005. Qué trinh khdo sit v
dénh gid sai s6 du bdo ctia HRM cho céc bién,
cdc tram va hai chubi s& liéu ndi trén da cho
thdy mot sai s6 hé thong trong dy bdo tryc ti€p
tir md hinh HRM. Cdc du bdo nhiét d6 t6i cao
va t61 thap tif md hinh HRM thuding cho sai s6
16n: Sai s8 16n thudng tim thdy ddi véi céc
tram thudc Bic Bo hoic trén dat lién. Sai s6
dy bdo vao miia dong cling thudng 16n han so
v6i mia hé. Cdc két qud ddnh gid hiéu qud
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cia loc Kalman duya trén chi s& théng ké RSS
dd cho thdy sy cii thién ddng k& trong chat
lugng du bdo (gidm sai s6 du bdo) tai hau hét
cdc han dy bdo va tram nghién cttu. Mitc d§
cdi thién tiry thudc vao titng bi€n, han du bdo
va tling tram. Déc biét, sau khi dp dung loc
Kalman, sai s6 hé théng hiu nhu duge khi
hoan toan. Viéc so sdnh k§ niang hiéu chinh
gifta sd @6 loc Kalman mdt tham s8 va hai
tham s& cho thay d6i véi cdc dy bdo T2m va
Td2m, so d6 mot tham s& kha quan hon so db
hai tham s& cho chudi s& liéu mua he (dic biét
d6i vdi cdc tram thudc Bic BO). Tuy nhién
sang mila dong thi sd d5 hai tham s6 lai 12 t6i
wu hon. D61 véi dy bédo tdc d6 gié SP10m, sd

- 36 hai tham s 12 t6i wu nhat trong cd hai mila.

Ti nhitng thanh c6éng ban diu trong viéc
nghién ciu Ung dung loc Kalman dé hiéu
chinh céc két qud dy bdo t¥ md hinh HRM,
nhém nghién ctfu manh dan dé xuét dua bd
chuong trinh loc Kalman vao dy bdo nghiép
vu cho 25 tram nghién cifu néi trén. Ngoai ra,
ti€p tuc nghién citu khéo sdt thém cho mot s&
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bién du bdo khdc va tién ti 4p dung cho toan  hodc cho cédc sdn pham dy bdo tryc tiép tit mot
b6 cdc tram trén 1anh thd Viét Nam. Béncanh  s6 m6 hinh toidn cdu nhu GME, ECMWF,
md hinh nghiép vu HRM, loc Kalman cling s€ = GFS, GSM, ... dang dudc thu nhén hang ngay
duge thit nghiém dp dung cho cdc mé hinh khu  tai Trung tdm Du bdo KTTV Trung udng.
vitc bdn nghiép vu khdc nhu ETA va WREF, '
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