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Tém tat: Trong bai bdo nay, nhém nghién ciru xdy ding mé hinh hoi quy tirng buée dw bdo lwong
muea cho khu viee Bdc B sir dung yéu t6 dw bdo la tong heong muwea quan trdc 24 gio trung binh khu
viee va nhan té dy bao la sé liéu trung binh ngay cac yéu 6 xoay thé, téc do thcfng dung, do phan
ky trén cac muc dang nhiét dé thé va miee dang dp. Két qua danh gid déc ldp cho thdy lwong mua
du bao co twong quan 16t (0,6 - 0,8), sai s6 RMSE con khd nhé (4-6mm/ngay) nhung thiwong van cho
lirong muea thap hon so véi thiee té trong cdc ngay mua lom.
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1. Mé dau

Ngay nay cac hé thong du bao thoi tiét sé 1a
mdt thanh phin quan trong trong trg gitup cac du
bao vién dua ra ban tin du bao thoi tiét. Mot hé
thong du béo s gdm ba thanh phan: h¢ thong
phan tich, mé hinh dy béo (tat dinh hodc td hop)
va hé théng dién giai du bao. Trang thai khi
quyén hién tai sau khi duoc tao ra nho hé théng
phan tich s€ dugc su dung lam diéu kién ban dau
cho mo hinh dy bao. Vi sy phat trién cua toc do
tinh toan cling nhu muc d¢ chinh xac trong mo
phong vt 1y, cic mo hinh hién tai c6 thé cung
cap du bao vai chat lugng t6t cho cac truong khi
quyén trén cao. Tuy nhién, v6i cac truong khi
tuong bé mat,tac dong truc tiép dén doi séng
hang ngay két qua du bao tir mo hinh thuong co
sai s6 16n. Mot vi du dién hinh 1a du bao luong
mua hay nhiét do tai do cao hai mét. Nhiing sai )
nay c6 thé duoc hiéu chinh bang cac phwong
phap thdng ké théng qua thanh phan thi ba cia
hé théng du bao s d6 1a hé théng dién giai du
bao [4, 5, 10].

Trong khi d6, xoay thé trén mat dang nhiét do
thé vi ¢o tinh bao toan trong méi truong doan
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nhiét, khong ma sat. Nam 2012, Russell va cs [9]
phan tich d6i luu sau trén khu vuce vi d6 trung
binh (48-49 d6 vi Bic) cia Anh va Phép trong
khuon kho nghién ctru vé mua do dia hinh thang
7/2007 sir dung di thudng xody thé trén khi quyén
tang cao. Trong nghién ctru nay, Russell dd phat
trién duoc mot mé hinh kinh nghiém vé vai trd
ctia di thuong xody thé quy mé 16n trén khi quyén
tang cao dbi véi d6i luu sau: dong gié c6 cuong
do 16n ¢ bén dudi trung tam cia mdt di thuong
PV 16n, véi cudng d6 nho hon nhung phé bién
voi lugng mua 16n hon & phia Pong cua di
thuong PV, ¢ gitra hai khu vyc nay la mét khu
vuc khong mua. Ciing lién quan dén di thuong
xody thé tang cao va d6i luu khi quyén, Nielsen-
Gammon [6] ndm 2008 di tién hanh mot thi
nghiém s6 trong diéu kién 1y tuong véi viée thiét
1ap mot di thudng xody thé & ting cao va tinh
toan anh hudng ciia nd dén cac truong khi tuong
xung quanh (dudng dong, do cao dia thé vi, nhiét
dd, cac chi sé bat 6n dinh.. .). Nghién ctru nay chi
ra rang sy thay ddi ciia cac truong khi tuong ti 16
thudn voi cuong do xody thé. O vung nhi¢t doi,
Berry va cs [3], Lam Hoang va cs [8] da sir dung
xody thé trén cac mat dang nhiét do thé vi dé phan
tich va theo diu cac nhidu dong xody thuan trén
khu vuc Chau Uc va chi ra rang cac xody thuan
nhiét d6i trong khu vuc gié mua ¢ ving Bic Uc
¢6 cu trac tuong ty cic nhiu dong trong gid
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mua An Do, ca hai déu co ciu trac X04ay thé cuc
dai manh, phat trién gan nhu thiang dung tir bé
mit 1én dén dinh tang ddi luu va c6 quy md
ngang khoang 1500 km, thoi gian ton tai khoang
2 - 5 ngay va c6 lién quan dén mua 16n & khu vuc
Béc Uc. Khi xody thé di chuyén trong ving nhiét
d6i & khu vye Bac Uc, chung thuong khién mua
tang; tham chi & maot s6 khu vuc & Tay Bic Uc,
mua lién quan dén xoay thé chiém t6i 50% luong
mua nam. Khi t6 hop cac xoay thé xuét hién tai
khu virc Darwin, cac tac gia da chi ra rang mua
tang dang ké & ria phia trude, theo hudng chuyén
dong cua xody thé nay. Mbi quan hé giira xody
thé va dong ciing dugc Herteinstein nghién ciru
nam 1991 khi nhém nghién ctru ctiia 6ng khao sat
vai trd cua di thuong xody thé trong viéc kich
hoat duong t6 (squall lines - hay con goi 1a dai
mdy dong) trén s6 liéu quan tric va mo phong ciia
mo hinh. Céc tac gia da chi ra rang, di thuong
xody thuan tang ddi luu gifta thuong dwoc hinh
thanh cung v6i dudng t 1a do phan bd ngudn
nhiét (Iam lanh bdc hoi ting thip, dét nong ngung
két ting cao) tao ra trong khu vuc may tang. O
khu vuc Chau A, ndm 1996 Jun Du [7] va cs da
nghién ctru vé cac hé théng dbi luu quy mé vira
doc front Baiu va chi ra rang, nguyén nhan tao ra
nhitng 6 may ddi luu nay 1a sy bat 6n dinh cua
xody thé cuc dai tang thip doc front. Tac gia ciing
chi ra ring sy di chuyén ctia cac hé théng ddi luu
quy mo vura tur tdy sang dong cé dang song véi
budc song 1700 - 2100km va it phu thude vao
kich thudc cua di thuong xody thé. Nghién ciru
nay s& cin cr vao mdi quan hé dinh lugng giita
gia tri xody thé trén cac mat dé‘ing nhiét d6 thé va
lwong mua. T mbi quan hé nay s& dugc sir dung
lam mot yéu t6 dé xay dyung cong cu hiéu chinh
dy bao mua ctia md hinh sb trj cho khu vuc Bic
Bo

2. S6 lidu

S6 liéu quan tric: SO liéu quan tric mua cua
cac tram do dugc tong hop theo cac khu vyc Tay
Bic B6 (29 tram), Viét Bic - Pong Bic (52
tram), Pong Bing Bic Bo (16 tram) (cac khu vuc
B1, B2 va B3 theo phan vung khi hdu Viét Nam
[1D).
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S liéu tai phan tich ECMWF cua Trung tAm
du bao han vira Chau Au (ECMWF) duoc tao ra
bang cach két hop cac sb liéu mé hinh véi s6 liéu
quan tric. N6 chtra udc tinh cua cac nhan té khi
quyén nhu nhiét do, ap suét va gié & d6 cao khic
nhau, cung v&i d6 1a cac thong sb bé mit nhu
luong mua, d6 4m dét va nhiét do mat bién. Tur
d6 tao ra bo dir lidu toan ciu md ta trang thai khi
quyén trong qua khir. Bo dir liéu nay duogc st
dung dé theo ddi bién doi khi hau, nghién ctru va
gido dyc. Céc san pham cua s6 liéu tai phan tich
ECMWF bao gom: ERA - 15 (s6 liéu tai phan
tich khoang 15 nim tir 12/1978 dén thang
2/1994), ERA - 40 (s6 liéu tai phan tich khoang
45 nam tir ndm 1957 dén nam 2002) va ERA -
Interim (bao gdm s lidu tai phén tich tir nim
1979 dén nay).

Trong nghién ctru nay sir dung s6 liéu tai phan
tich ERA - Interim bao gdm: S6 liéu tai phan tich
ctia toc d6 thing dung trén cac muc ding ap 925,
850, 700, 500 mb; sb liéu xody thé va phan ki
ngang trén cac myc dang nhiét do thé 315, 330,
350K. Cac sd liéu nay co d6 phan giai 13 0,25 x
0,25 d6 kinh vi.

S liéu quan tric s& duoc tong hop dua trén 3
khu vure di chia 6 trén dé tinh trung binh cho ting
khu vye; bang cach tinh trung binh s6 hoc lugng
mua tich llly 24 gid cta cac tram thudc tung khu
vuc.

Déi véi s6 liéu dang ludi dit lidu nhu s6 lidu
tai phan tich ERA - Interim, GPCP thi tinh trung
binh cho khu vyre bang cach iy trung binh gia tri
cua tat ca cac diém dit liéu cua tung khu vuec.

S6 liéu ERA - Interim, v&i bdn gia tri moi
ngay, tai cac thoi diém quan tric chinh: 01, 07, 13
va 19 gio, s& dugc xur 1y tinh toan dé dua ra cac
gia tri dac trung cho mdt ngay nhu sau:

- Véi s lieu PV:

Gia tri trung binh ngay dugc tinh la trung binh
bbn gia tri trong mot ngdy cua PV tai ba muc 315
K, 330K, 350 K,

Tir s6 liéu trung binh ngay ctia ba muc, tinh
gia tri trung binh PV ctia 3 muc trong mot ngay.

Xac dinh gia tri 16n nhat trong ngay trén mdi
muc déng nhiét do thé vi cua PV rdi tim gia tri
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trung binh va gia tri 16n nhét cua cac cuc dai PV
tai ba muec.

- Vi 56 liéu d6 phan ky ngang va toc d9 thang
dumg, ta tinh trung binh ngay tai méi muc ddi véi
d6 phan ky ngang trén cac muc dang nhiét do thé

315K, 330K, 350K, dbi v6i toc do thiang dimg
cac muc dé‘ing ap suit 925, 850, 700, 500 mb.

Dudi day 1a bang liét ké ky hiéu va tén cua cac
s6 lidu da duoc xu 1y:

Bang 1. Ky hiéu va tén cia sé liéu da xir Iy

STT Ky hiéu Tén mo ta Pon vi
1. r_obs Mura quan tric mm
2. w925 Téc d6 thang dimg trén muc 925 mb Pa/s
3. w850 Téc d6 thang dimng trén muc 850 mb Pa/s
4. w_700 Téc d6 thang dimg trén muc 700 mb Pa/s
5. w_500 Téc d6 thang dimg trén muc 500 mb Pa/s
6. div_315 Phan ky trén muc 315K 1/s
7. div_330 Phan ky trén myuc 330K 1/s
8. div_350 Phan ky trén muc 350K 1/s
9. pv_315 tbday  Xoay thé trén muc 315K trung binh ngay PVU
10.  pv 330 tbday  Xody thé trén muyc 330K trung binh ngdy ~ PVU
11.  pv 350 tbday Xody thé trén muc 350K trung binh ngay PVU
12.  pv_tbday3lv Xoay thé trung binh 3 myc trung binh ngdy PVU
13.  pv 315 max Xoay thé cyuc dai trén muc 315K trong ngdy PVU
14.  pv 330 max Xoay thé cyuc dai trén muc 330K trong ngdy PVU
15.  pv_350 max Xoay thé cyuc dai trén muc 350K trong ngdy PVU
16. pv tbmax3lv Xoay thé trung binh cyc dai trén 3 muc PVU

Céc s0 liéu néu trong bang trén déu ¢ dang
mang 2 chiéu [3 x 4383], chiéu thir nhét 1a chiéu
khong gian gdm 3 khu vuc Tay Béc, Viét Béc-
Pong Bic va Pong Bang Bac Bg; chiéu thi hai
la thoi gian theo ting ngay tir nam 1997-2008.
Cac sd liéu trén déu duogc dua vé dinh dang
NetCDF dé thuén tién trong xu 1y tinh toan.

3. Phuwong phap

3.1 Phirong phdp hoi quy

Trong nghién ctru s€ xay dung cong cu
hiéu chinh bang cach sir dung phwong phap
thdng ké, cu thé 1 sir dung phuong phap hoi quy
ting budc dé chon ra cac yéu tb tot nhat dua vao
phuong trinh hdi quy da bién va xdy dung
phuong trinh hiéu chinh du bao. Phuong phap
hodi quy tuyén tinh da bién s& xay dung phuong
trinh phu thudc cua lugng mua 1én cac gia tri cua
xody thé, gia tri tbc do thang dimg va gi tri phan
ki theo phuong ngang.

Phuong trinh hdi quy tong quat ciia Y 1én X2
..., Xm c6 dang:

Y = B] + B2X2 +...+ ﬁme

(M
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Trong d6 Bi (i=1..m) 1a cac hé s6 hoi quy ma
chung duoc xac dinh bang phuong phap binh
phuong t6i thiéu.

Ngoai ra, nghién ctu con xay dung phuong
trinh hoi quy tuyén tinh mot bién cua gia tri
luong mua 1én timg gié tri xody thé cling nhu gia
tri toc do thang dung.

Phuong phap héi qui timg budc duoc st dung
trong nghién ctu dugc trinh bay trong cudn
Phuong phép thdng ké trong khi hau ctia Phan
Van Tan [2].

Sau khi xay dung xong cac phuong trinh
hoi quy trén, tinh lwong mua dwa trén cac s liéu
cac gia tri xody thé, toc d6 thang ding va do
phan ky. Sau d6 dénh gi4 so sanh né véi sd liéu
mua thuc té. Phuong phap danh gia sai s6 duoc
trinh bay & phan tiép theo.

3.2 Pdnh gid sai s6

- Sai s6 trung binh (Mean Error - ME):

ME :lzn:(oi -F)
n 55

- Sai s6 tuyét ddi trung binh (Mean Absolute
Error - MAE):

2
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3)
- Sai s6 binh phuong trung binh (Root Mean
Squared Error - RMSE):

RMSE = /%Z‘ (0, -F )2

Trong d6 Oi 1a gia tri quan tric; Fi 1a gia tri
du bao; n 1a dung lugng mau.

4. Két qua va thao luin

Vé tuong quan ctia mua véi cac yéu to khac,
trong cac yéu td duoc liét ké & trén thi luong
mua twong quan tot nhat voi tbe do thang ding
& muc 925 mb va 850 mb, trong d6 toc do thang
dung trén muc 925mb c¢6 twong quan tét hon &
khu vuc B1 va B2, nhung riéng ¢ khu vyce B3 thi
mua lai ¢6 twong quan tot véi toc do thang ding
muc 850mb hon 1a & myc 925mb. Ngoai ra ta
cling c6 thé thay tuong quan cua toc do thang
dimg muc 700mb vai lugng mua ¢ vung B3 luon
16n hon so véi tuong ung ¢ hai ving B1 va B2.
Vi su tuong quan cua lugng mua va do phan
ky thi twong quan kém hon gia tri tuyét d6i nho
hon 0,5, tuong quan 16n nhat 13 v6i gia tri phan
ky & myuc déng nhiét d6 thé vi 315K gia tri tuong
quan 1a am cho thay d6 phéan ky trén muyc 315K
bién dong nguoc chiéu so véi gia tri lugng mura,
noi cach khac khi @6 hoi tu trén muc 315K tang
thi mua tang.

Xét trong quan cua lugng mua voi cac gia tri
x0dy thé, co thé thdy rd tuong quan cia lugng
mua tot nhat 12 voi xody thé trén muc dang nhiét
d6 thé 330K sau d6 1a dén xoay thé trén muc
315K, con véi xody thé trén muc 35 0K dai dién
cho gia tri xoay thé trén tang cao, thi hiu nhu
khoéng c6 tuong quan vdi luong mua co gia tri
tuong quan tuyét d6i nho hon 0,1. Tuong quan
ctia chudi gia tri xody thé cuc dai trong ngay thi
thuong c6 tuong quan thip hon so voi gia tri
xody thé da dugc tinh trung binh trong ngay.

4.1. Két quad lwa chon mé hinh hoi quy da
bién:

Nghién ctru tién hanh lwya chon cac thanh
phan ctia md hinh hdi quy da bién bang phuong
phap hoi quy ting bude. Tir d6 ta s& chon duoc

MAE :li]oi - E|
n 55

(4)
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cac bién tot nhat dé xdy duyng mo hinh téi vu
nhét. Sau day 1a két qua sau khi str dung phuong
phap hdi quy timg budc.

Bdng 2. Két qua hoi quy timg bude

Y r obs
STT Khuvyce | Bl | B2 B3
X1..n

1 w_ 925 X X X
2 w_850 X X X
3 w_700 X X X
4 w_500 X X X
5 div 315 X X
6 div_330 X X
7 div_350 X X X
8 pv_315 tbday X X X
9 pv_330 tbday X X X
10 | pv 350 tbday
11 | pv_tbday3lv
12 | pv 315 max
13 | pv_330 max X X X
14 | pv 350 max
15 | pv_tbmax3lv X X X

Béng 2 chi ra danh séch cac nhan t6 du bao
X1... Xn trong d6 gdm 15 bién va 01 yéu t6 dy
b4o 1a lugng mua quan tric (r_obs). V&i mdi
bién Y ta xay dung dugc phuong trinh hdi quy
da bién cho ba khu vuc Tay Béc (B1), Viét Béc
- Pong Bic (B2), Pong Bing Béic Bo (B3). Nhu
vay s€ c6 3 phuong trinh hdi quy da bién duoc
xay dung tir cac yéu t6 duge chon khac nhau timg
v6i 3 khu vue du bdo; trén bang 2 cac yéu td
duoc chon cho mdi phwong trinh duge danh dau
[ x ], khong chon khong danh dau [ .

Sau khi tién hanh xong cac budc néu trén ta
duogc két qua mdi ving c6 3 phuong trinh phu
thudc cua lugng mua vdi cac yéu td duoc lua
chon theo tung loai $6 liéu mua va tung vung B1,
B2 va B3. Tu ba phuong trinh nay, nghién ctru s€
1an luot dua ra lwong mua tinh toan tir cac yéu to
tde do théng ding, xody thé... cho bo sd liéu doc
1ap ctia nam 2009. Mdi phuong trinh s& duoc ap
dung dé tinh toan mua tai tat ca cac diém luéi
thugc tirng khu vuc. Tinh toan mua véi cac yéu
t6 tir phwong trinh s& thu dugc két qua luong
mua tai mdi diém ludi, voi nhitng lugng mua dy
béo nho hon 0 s& dugc gan bang khong.

TAP CHi KHI TUQNG THUY VAN
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4.2. Pdnh gid két qui mé hinh hoi quy véi
yéu t6 dw bdo Y la mwa quan tric (r_obs)

Duéi day 1a két qua ciia mo hinh hoi quy cua
s6 liéu luong mua quan tric (r_obs) vai cac yéu
t6 khac dua vao két qua hoi quy timg bude duoc
trinh bay trong bang 2. Déi véi sb liéu luong
mua quan tric, ciing xay dung dugc ba phuong
trinh hdi quy tuyén tinh da bién cho ba khu vuc
B1, B2, B3. Sau d6 tién hanh tinh toan mua d6i
véi sb liéu doc lap nam 2009 dya vao cac yéu td
da lya chon ¢ bang 2. Két qua danh gia sai s6 va
tuong quan dugc trinh bay trong bang 3 dudi
day.

Hinh 1 thé hién két qua danh gié, so sanh cua
s6 liéu dy bao doc 1ap nam 2009 véi s6 liéu mua
tai phan tich, hinh a) trinh bay phan b cua sai s6
ME trén timg diém ludi. Theo hinh a) sai s6 ME

ME
24°N

& khu vuc B1 chu yéu la duong véi gia tri ME
trung binh khu vuc 1a 0,855, trong khi ving B2
va B3 gia tri nay 1a am. Dac biét, & ving B2 ton
tai mot vung sai s6 Am & khu vuc Ha Giang -
Tuyén Quang voi gia tri MAE tir khoang 2 dén
5 mm, viing B2 ¢6 gia tri MAE cao nhét ¢6 noi
lén dén 6 mm & khu vuc Ha Giang - Tuyén
Quang. Hinh c gia tri RMSE dao dong khoang
gia tri 4 - 6, ving B2 van 13 viing c6 RMSE cao
nhat voi gia tri trung binh vung 13 6,138 mm,
ving B3 ¢6 gié tri thap nhét 1a 4,592. Vé tuong
quan, c¢6 thé thay & hinh d 1 rang twong quan
vung B2 14 thip nhit v6i cic mau xanh nhat &
rang, gi tri hé sé twong quan trung binh khu vuc
B2140,61, trong khi ¢ ving B1 va B3 lan luot 1a
0,72 va 0,78.
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Hinh 1. (a) Sai s6 ME, (b) MAE, (c) RMSE va (d) tirong quan ciia mia tinh todn tie mé hinh véi
yéu té dy bdo la mwa quan trac (R_obs), so sanh véi muea tdi phan tich ERA-Interim nam 2009

Bang 3 thé hién céac chi s6 danh gia tinh cho
tung khu vuc voi mo hinh hdi quy str dung yéu
t6 dy bao 1a mwa quan tric (r_obs). Két qua danh
gi4 sai s6 cua lwong mua tinh toan véi mua tai
phan tich ERA thé hién ¢ bang 3 cho thiy gia tri
twrong quan va gia tri sai s déu van con tuong

TAP CHI KHI TUQNG THUY VAN

dbi 16n. Xét hé sb tuong quan, bang 3 cho thay
hé s6 twong quan déu nam trong khoang 0,6 dén
0,8. Gia tri sai sd trung binh, ME, cho ku vyc Bl
1a dwong, B2 1a am va B3 1a xap xi 0. Gia tri sai
sd MAE & bang 3 phd bién ¢ khoang gia tri 3 dén
4. Gia trj sai s6 RMSE phd bién ¢ khoang 4,5
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dén 6, gia tri nay 16n hon khong nhiéu so vdi sai

s6 MAE.

Bdng 3. Tong hop két qua twong quan va sai sé
cua mua tinh toan so voi mwa tdi phan tich

ERA
Y r_obs
STT hu vuc
Chi s8 Bl B2 B3
1 CORR 0.73 | 0.61 0.78
2 | ME 0.85 | -2.86 | -0.02
3 | MAE 343 | 4.58 3.01
4 | RMSE 569 | 6.14 4.59

5. Két luan

Bai bao da xay dung dugc 3 phuong trinh
hdi quy tuyén tinh da bién cho 3 loai sb liéu
mua va cho 3 khu vuc Tay Bic (B1), Viét Bac
- Pong Bic (B2) va Pong Bing Bic Bo (B3).
Véi mdi phuong trinh bao gém cac bién khac
nhau dugc lya chon thong qua phuong phap
hdi quy timg budc. Bai bao di thir nghiém ap
dung 3 phuong trinh véi s6 lidu doc lap nam
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2009 va danh gia cac chi sb sai sb va chi s6
tuong quan cua lugng mua tinh todn tur
phuong trinh voi lwgng mua tai phan tich ERA
nam 2009. Nhin chung khi so sanh lugng mua
tinh toan véi s6 liéu mua tai phan tich ERA
cho sai sd twong d6i nho. Gia tri tuong quan
cao, phd bién tir 0,6 dén 0,8, ca biét co diém
ludi dat gia tri tuong quan trén 0,9.

C6 thé nhan thiy han ché cua két qua
nghién ctru 1a sai s6 van con kha 16n, mua du
béo con nho hon thyc té khi xay ra mua 16n.
Trong khi, thuc té mua nho thi mua tinh toan
tr phuong trinh cho gia tri 16n hon so véi thyc
té.

Pé c6 thé tmg dung nhitng két qua trén
trong thuc té, can thir nghiém, danh gia va so
sanh voi cac phuong an xay dyng mo hinh
khac nhu st dung s6 liéu mua tai phan tich,
mua trén ludi (vi du nhu VnGP) dé tim ra
phuong an tdt nhét cho khu vuc Béc Bo.

Loi cam on: Nhom nghién ciru xin chdn thanh cam on sw hé tro: ciia dé tai nghién ciru khoa
hoc KC.08.06/16-20 va TNMT.2017.05.01 trong viéc thiee hién va cong bo nghién ciru nay.
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DEVELOP A STATISTICAL MODEL TO CORRECT THE MODEL
RAINFALL FORECAST FOR BAC BO USING COHERENT POTEN-
TIAL VORTICITY
Hoang Phuc Lam!, Nguyen Duc Nam?, Do Thi Thanh Thuy!, Hoang Duc Cuong'
"National Meteorological Forecasting Center, General Department of Hydrometeorology
Hnstitute of Geophysics, Vietnam Academy of Science and Technology

Abstract: In this paper, three stepwise regression models are constructed to forecast the quan-
titative rainfall for Bac Bo region using daily average data of potential vorticity and vertical com-
ponent of wind speed on isentropic levels and divergence on isobaric surfaces. The independent
evaluation results show that the precipitation is well correlated (0.6-0.8) with the reanalysis rain-

fall, the RMSE error is relatively small (4-6 mm/day) but usually the forecast rainfall is lower than

32)

the actual in heavy rainfall days.
Keywords: Heavy rain, potential vorticity, quantitative precipitation forecast, MOS, correction.
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