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THAM SO HOA BUC XA TRONG MO HINH KHi HAU KHIi QUYﬁN
CAM 3.0

TS. Tran Quang Pic

Truong Pai hoc Khoa th t nhién, Pai hoc Quéc gia Ha Noi

_—~AM3.0 [d mé hinh khi hdu khi quyén 3 chiéu thé hé thit nam, la phién bdn gdn ddy

nhdt dugc thiét ké tai Trung Tdm Nghién Citu Khi Quyén Quéc Gia - Hoa Ky
(NCAR). Tham s6 héa la thanh phdn rdt quan trong trong cdc md hinh sd tri, ddc

biét la doi véi mé hinh khi hdu. Tham s& hda trong CAM3.0 gom ndm mdng chinh: Tham s6 hda
bitc xa, gidng thity, mdy, cdc dong bé mdt va xdo tron rdi. Vi s&'liéu tir nguén ciia NCEP/NCAR,
tdc gid da sit dung CAM3.0 chay mé phdng va tién hanh ddnh gid budc ddu cho hai nam lua

chon ngdu nhién.

CAM 3.0 la tén b mé hinh khi hdu khi quyén, dugc vzet’tag bang cdch 18y 3 chit cdi ddu
tién cita 3 tir tieng Anh “CommumtyAtmosphe;e Model 3.0”, ¢6 nighta la “Mé hinh khi quyén cong
déng 3.0” . Ban doc quan tdm chi tiét vé mé hinh nay cd thé tham khdo trong céng trinh [5].

1. Giéi thiéu cdc so @6 trong mé hinh

* CAM 3.0 phin téch 16 ring phin tham s&
héa vat 1y va phan dong luc, cé thd d& dang
thay thé€ va bi€n ddi ching mot cdch doc 14p.

Phuong trinh di bdo tdng qudt cho bién
¥ c6 dang:

. |
—gtLD(w)+ P(y) )

Trong dé w 12 bi€n dy bdo nhu nhiét do,
thanh phén gi6 ngang vv.. ,D thanh phin d6ng
Iwc va P thanh phan tham s6 héa vat Iy [5].

Trong bai bdo nay, tdc gid tip trung di sdu
md t3 thinh phan tham s6 héa bidc xa. Mot s6
ndi dung khdc (hé truc toa dd thdng ding,
dong Iyc thé tich hitu han) di dudc gidi thidu
trong bai bdo [2].

Tham s6 héa vit ly [5]
Tham s6 héa trong CAM 3.0 bao gdm mot

Ngudi phdn bién: ThS. P Lé Thdy
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chubi cdc thanh phan, dugc minh hoa bdi:
P={M,C,R,S, T}, )

Trong d6 M biéu thi qu4 trinh gidng thiy
(Moist), C biéu thi may (Cloud), R biéu thi biic

xa (Radiation), S bi€u thi mé hinh d4't (Surface

model), va T biéu thi x4o tron 181 (Turbulent
mixing).

Biét ring bifc xa mit trdi 13 ngudn luc co
ban di€u khién hé thdng khi hiu. Hiu nhu toan
bd bitc xa mit trdi (mang 99% ning lugng biic
xa) 4nh hudng d&n hé théng khi hiu niim trong
phan phd séng ngin A < 4.0zom. Phin 16n ning
lugng bifc xa nay dugc hé Khi quyén - Trai dat
hép thu va phét trd dudi dang bifc xa s6ng dai
[4]. Trong bai bdo tac gid xin gidi thiéu tham s&
héa bic xa séng ngdn tai dinh khi quyén va sy
truyén bifc xa séng dai.

Tham s6 héa biic xa séng ngdn

Trong CAM 3.0, ning Iugng mat trdi dudc
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tinh theo phuong phdp cla Berger [1978].
Ning lugng bifc xa mit trdi tai dinh khi quyén
trong mo hinh dudc tinh bdi:

S, =S,p?cos (3)

Trong d6: S, 12 hiing s6 mat trdi,u1a géc
thién dinh clia mat trdi, va 13 hé s6 khodng
cédch (phu thudc vao thdi gian trong ndm). Cho
dinh dang chuén, S =1367 W/m?.

Chu trinh ndm va chu trinh ngay cida sy
chi€u mit trdi 12 365 ngay va véi 24 gid trung
binh. Biéu thifc xdc dinh dao d6ng nim va
ngay do roi mat trdji 1a:

cos /£ = singsin§ —cos g cos & cos(H) “4)

& = arcsin(sin £ sin 4) &)
_ 1-¢?

p 1+ecos(A— o) )

B=T+y 7

Trong d6 ¢ - vi d6 (radian), § - xich vi
(radian), H - géc gid mét trdi, £ - 0 nghiéng,
A - kinh d6 thyc ctia trdi dat ¢6 li€n quan dén
diém xuin phin, e hé s6 tAm sa1 a) - kinh d9
clia diém cin nhat + 180°,I1- Kinh do ciia diém
cin nhit dua vao diém phén ¢& dinh, ¥ - sy
ti€n dong

Géc gig H trong cong thifc tinh cos x phu
thudc vao ngay lich d va kinh d6 mé hinh:

0
8
360") ®

Trong d6:0 - kinh dd md hdnh (d6) bit dau
tit Greenwich chay vé phia Péng. Ghi chi
ring ngay lich d lién tuc bi&n d6i trong nim
va dudc cdp nhit trong mdi budc thdi gian cia
moO hinh. Gié tri ctia d tai 00 GMT cho ngay 1
thang 1 va ngay 31 thang 12 14n lugt 1a 364.

H=27Z'(

D0 nghiénge dugc tinh gin ding theo cong
thitc kinh nghiém d&i v6i quy dao trdi dat

47
8=8*+ZAjcos(fjt+5j)
j=1

Trong d6 A f» va 5} dudge xdc dinh bdi
st hi€u chinh so So hangs = 23,320556° va
t 13 thoi gian (trong nam).

Khai trién chudi cho hé s6 tim sai:

e=\/(e cosIT) +(e sin'H)2 (10)

S& hang bén phdi ciing c6 thé dugc viét lai
khi khai trién chudi:

{ }n zM{ }(g,H 5)

Trong d6: M; g;va p, dugc udc lugng tr sy
hiéu chinh s6. Kh1 chubi nay dugc tinh, kinh
dd cda diém can nhit dugc tinh theo:

(11)

(12)

I =arctan(esmn)

ecosIl

Sy tién dong dudc cho bdi mot chu01 thuc
nghi€m khéc

78
1//=(,7t+¢’+ZFjsin(f;t+§}) (13)
J=1
Trong d6y =50.439273" va £ =3.392506°

F fJ , S dudc wéc tinh tir 181 gidi s6 cho quy
dao clia tral dat.

D& tinh todn kinh d0 A ddu tién cin x4c dinh
hai kinh d9 trung binh cho quy dao. Kinh d6
trung binh 4, tai di€m xuan phén 1a:

A= 2{(& E;J(l + f)sin(5)- é(%+ ﬂ)sin(ZaN))

2
s (14)
+ %(5 + ﬂ)sin(Bﬁ)')}
Trong d6:8 = ~/1—&? . Kinh d6 trung binh
la: >
A=Ay + 27 d —du, (15)
365

Trong d6: d,, = 80,5 12 ngay lich cho diém
xuln phén tai Iic giffa trva vao ngay 21 thdng
3. Kinh d6 A dugc tinh bdi céng thic:

3 2
A=A, + [2e - i—]sin(ﬂm -&)+ %—sin[2(/lm - &)
(16)

13¢% . o
+ B sin[3(4,, - &)]
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Tham s6 héa bitc xq song dai:

Phuong phép st dung trong CAM 3.0 md ta
su truyén bitc xa séng dai dya vao cong thitc
hap thu / phdt xa [Ramanathan va Downey,
1986]

F*(p)=B(p,)e(p, p)+ Jalp, p')aB(p) (17)

F'(p)=B Ja(p, NdB(p')  (18)

Trong d6: B(p)=oT*(p) 12 cobng thic
Stefan-Boltzmann, p, va p, lan lugt 12 dp suat
tai dinh cia mo hinh va tai bé mit, @ va g 1a
do hap thu va ph4t xa,

a3, (VT )i,
alp,p)=2 19)
dB(p)/dT(p)

{8,201 7
g(p“p)z B(pt)

Trong d6: v biéu thi s6 séng. B, (p) = (T(p))

(20)
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la ham Plank, va T, 1a sy phdt xa cta khi
quyén.

2. Thiét k& chay mé phdong va ddnh gid

Téc gid tién hanh chay mo6 phéng cho hai
nam 1975 va 1980, vdi budc thdi gian 1200
gidy, mién tinh toan ciu vdi ludi 64x128 (64
diém theo kinh hudng va 128 diém theo vi
hudng), chay véi diéu kién ban dau, diéu kién
bién va SST (nhiét d6 mit bién) tit ngudn s&
li€¢u do NCEP (Trung tim Dy bdo mdi trudng
Qudc gia - Hoa K¥) cung cép, so d3 tham s&
héa bitc xa nhu duge md t3 § muc trén. Két
qud ddura Ia s& liéu trung binh thang [1], [3].

Trong bai bdo nay, tdc gid xin trich dén,
hién thj rudng dp sudt myc bién trung binh
thdng cho thang 1,4, 7,10 ndm 1975 tr két
qud diura cua mo hinh (hinh 1al, 1b1, 1cl,
1d1). V6i muc dich danh gid bude ddu, tic g1a
st dung trudng 4p sudt myc bién tuong tr 1 s8
liéu tdi phéan tich ctia NCEP (hinh 1a2, 1b2,
1¢2, 1d2). Cdc két qua ddnh gid dinh tinh mot
phan cho nim 1980 d dudc trinh bay trong
cong thitc [2].

* P4nh gi4 dinh tinh
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Hinh 1. Ban dé mé phéng dp sudt muc bién (al, bl, cl, d1), va bdn dé thic dp sudt miic blen
(a2, b2, 2, d2) déi véi cdc thdng 1, 4, 7, 10 ndm 1975 tiong iing.

Th4ng 1 nim 1975 trudng 4p sudt muc bién
rat twong dong gifta mo phdng va thuc t€ &
Nam B4n Cau (vao thdi diém nay dang la mia
he) (hinh 1al, 1a2): dai 4p suat thap vdi gid tri
. khodng 990 mb 3 mién vi do caobao trim gin
nhu todn bd vong vi tuy&n, cdc tAm cia dai 4p
cao cin nhiét d6i nam bdn ciu déu cé hudng
léch vé phia Pong cda cdc dai duong va cling
dat gid tri khodng 1025 — 1030 mb, viing dp
thdp xich dao chi€ém mot khodng rdong trén
Indonesia, Bic Uc va 1an c4n, viing dp thip
ndy c6 hudng 1éch vé phia nam béan ciu vdi gid
tri trong khodng 1000 — 1005 mb.

Théng 1, thti diém bic bdn ciu dang 1a
mua dong, hinh dang va vi tri cdc tAm 4p md
phdng va thuc t& tuong ddi tuong ddng; dic
biét 12 cdc tdm 4p cao Siberia, ddng bic Théi
Binh Duong, Bic Pai Tay Dudng va cdc tAm
thdp trén dai 4p thap quanh ria mép Bic cuc:
tdm 4p thdp Scandinavia, Kamchatka va bic
Dbai Tay Duong. Tuy nhién, trudng mo6 phéng
va thyc t€ & mot s8 ndi khdng duge tuong ddng

nhu & tdy Bdc MJ ndi gin dudng bién gidp
danh gifta bién va luc dia, trén bidn d6 md
phéng tén tai mot tAm dp cao vdi gid tri
khodng 1030 — 1035mb trong khi dé trén thyc
t€ lai khong ton tai tim nay, ¢6 1& mo hinh da
thé hién hai qué hiéu ¢ng dia hinh nii va dong
bién lanh hudng xich dao tai déy.

Sang thang 4, nhin chung khéng c6 su tudng
ddng gitta md phdng va thuc t€ & viing cyc hai
bdn cau, nhung lai twong d6i t6t & mién vi do
thap va trung binh. Dai 4p thap xich dao so vdi
thang 1 d c6 sy dich chuyén vé phia cuc bic,
rinh 4p thdp nhat cé vi trf gin vong vi tuyén 0°.
Ving cin nhiét déi vdi cdc tdm 4p cao déu
nim gin vong vi tuy&n 30° & ca hai ban ciu.

Thédng 7, thang giita hé bic bdn ciu dang
va vi tri cdc tam 4p cao, 4p thap tuong doi
tuong dong gifta m6 phdng va thuc t&, tuy
nhién vin cOn khdc biét vé gid tri. So vdi
théng 1 va 4, cac tam trén ¢6 do 1€ch cuc dai
vé phla cuc bic, rd nét nhat 1a vung 4p thap
bic An P Du’dng va bdn ddo Arap
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Thdng 10, thang chuyén tiép gifta hai mia
néng lanh ctia bic ban ciu, nam ban ciu. Nhin
chung cé su twong ddng rat tot trén cdc dai
mién khi hiu gitta mo6 phdng va thuc t&. Pic
biét tuong ddng tot 1a ving dp thdp xich dao
tdy Thdi Binh Duong véi gid tri 1000 - 1005
mb, va dai 4p cao cin nhiét d6i nam bédn ciu.

* Panh gia dinh lugng

Mot s& cdc dai lugng thong ké cd ban
thudng duge st dung cho viéc ddnh gid két
qud cta mo hinh dy bdo s6 tri: P 1éch (sai s6
trung binh), sai s8 tuyét doi trung binh, sai s6
trung binh binh phuong quan phuong. N&u ky
hiéu N chudi dy béo, F; biéu thi dy béo thif i,
O; 1a gid tri quan tric tuong ¥ng ta c6:

D06 1éch hay sai s6 trung binh (Mean Error);

1 N
ME:FZ(E ~'01)

i=l

2D

V6i gid tri cia ME ndm trong khodng
(-oc,+c) .ME cho bi€t xu huéng 1éch trung
binh cida gid tri dy bdo so vdi gia tri quan tric,
nhung khong phin 4nh d6 16n sai s6. ME
duong cho biét gid tri dy bdo vugt qud gid tri
quan tric va ngudc lai. ME c¢6 thé dugc biéu
dién khi 14y gid tri trung binh ctlia dy béo trir di
gid tri trung binh clia quan tric.

o= = 1 & 1&
ME=F-0= NZF N;a, (22)
C6 nghia 12 ta ¢6 th€ tinh ME cho thdng,
nim bing cdch 14y trung binh cdc y&u t6 theo
thdng, ndm tudng ¥ng sau dé mdi thyc hién
phép trit. .
Sai s6 tuyét doi trung binh ((Mean Absolute
Error)

N
MAE=23"|F. - 0| (23)
NG

V6i gid tri cia MAN ndm trong khodng
(0,+ec). MAE, RMSE khong biéu thi d6 16n
trung binh cla sai s§ nhung khong néi 1&n xu
huéng 1€ch cda gid tri dy bdo va quan tric.

Sai s6 binh phucng trung binh cin (Root

Mean Square Error)

Véi gid tri cia RMSE nim trong khodng
(0,+c).. Gidng nhu MAE, RMSE khéng chi ra
xu hudng 1€ch gitta gid tri dy bdo va gid tri
quan trc. Khi so sdnh sai s tuyét ddi trung
binh MAE va sai s6 binh phuong trung binh
cin RMSE ta c6: n€u RMSE = MAE thi sai s6
16n, cdn RMSE = MAE khi va chi khi tit ca
cdc sai sd ¢6 d6 16n nhu nhau.

ME

3 4 5 &8 7 8 6 16 4 42

=%=Nam 181§
—n—Nam 1§80

Thang

Hinh 2. Sai s&;trung binh gifta mé phéng va
thuc t& ME (mb) cho cdc ndm 1975 v 1980.
Trudng 4p sudt muc bién md phéng cho

_ nim 1975 va 1980 thién léch 4m so v4i thyc t&

v6i ME bién thién trong khodng i -3 tdi gin
bing 0 mb, va tir -5 t6i gin biing Omb ddi véi
cdc ndm tdng dng. Trong cic thing mila dong
Bic Bdn Ciu ME dat gid tri cuc tiéu vdi gid tri
nhd hon -1 mb va cdc thing miia hé ME dat
gid tri 16n nhat khodng -3 + -4 mb (hinh 2).

Ny

12 3 4 5 8 7 8 8 19 1 1
Thing

e Nam 1675]
—n—Nam 1880

8 = N W 2R N @B D

Hinh 3. Sai s6 tuyét doi trung binh gifta mé
phong va thuc t¢€ MAE (mb) cho cdc ndm 1975
va 1980.

Sai s& 4p sudt giffa md phéng va thuc t&
khong dugc nhd 18m, véi gid tri trung binh cia
sai s§ tuyét d0i trung binh cho nam 1975
khodng 5 mb va nim 1980 khodng 6 mb
(hinh 3).

Trong nim, khdc biét 16n nhat giita gid tri
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m6 phdng va thyc t€ vao nhitng thang miia he
bdc bdn cu véi RMSE thdng 6, 7, 8 ndm 1975
khodng 10 mb, trong khi d6 ME c¢6 gid tri
khodng 6 mb. Khéc biét nhd nhit 1a vao thdi
ky mia dong Bic Bdn C4u v6i RMSE thdng
12, 1, 2 ndm 1975 khodng 6,5 mb va ME
khodng 5 mb (hinh 4).

14
12 R / g

~4— N 1975
-~ Nam 1980,

S N MO o

1 2 3 4 5 6-7 8 9 10 N »

Thing

Hinh 4. Sai 56 trung binh binh phuong quén
phuong giita mé phéng va thuc t&€ RMSE (mb)
cho cdc nam 1975 va 1980.

3. Két luan
M6 hinh CAM 3.0 — md hinh khi hiu khi

quyén toan cau, cdc bi€n du bdo dugc qui dinh
bdi ¢4 hai phin: dong Iy va tham s& héa. Ciing

R

giéng nhw hau hét cic m6 hinh toan ciu khic,
tham s& héa vat 1y gdbm mot chudi cdc thanh
phén: qud trinh gidng thiiy, may , bic xa, mb -
hinh d4t, xdo tron rdi. Tham s& héa bic xa
dudc md t4 trén cd sG nhitng qui luat vat 1y cd
bdn va dudc chia tdch thanh hai mdng con:
tham s6 héa bifc xa séng ngdn va tham s& héa
btic xa séng dai.

M5 phdng bude dau cho hai nim 1975 va
1980 vdi két qud s& liéu trung binh thang cho
thdy trudng 4p sudt muc bién tuong d6i tuong
dbng véi rudng thyc, dic biét 1a- dai 4p thap. -
xich dao, dai dp cao cin nhiét d6i, dai 4p vi dd
trung binh va sy dich chuyén theo miia rd rang
clia cdc trung tdm tdc dong trén. Cdc tAm 4p
cao va dp thdp md phdng c6 hinh dang va vi
tri gan tring vdi thic t&, va dic biét § nam ban
ciu t6t hon bdc ban cu. Trudng md phdng c6
thién hudng 1€ch- 4m so vdi trudng thyc vdi gid
tri ME khodng 0 + -5 mb, ¢ léch gifta md
phdng va thuc t€ trung binh nim khodng 5 + 6
mb (MAE) trong dé chénh 1éch vio miia he
béc bén cau 16n hon hin miia déng. Pdng thoi
nhitng con sO trén cho thdy kha ning cé thé
hi¢u chinh m6 hinh nay trong tuong lai.

Tai liéu tham khao

1. Trdn Quang Dic. Nghién ciiu khd ndng khai thdc bé mé hinh khi hdu CAM 3.0. Dé tai cdp
Truong Dai hoc khoa hoc tu nhién, PHQG Ha Noi, 2005.
2. Trdn Quang Pitc. M6 hinh khi hdu khi quyén CAM 3.0, Tap chi Khi tugng Thiiy vdn, tr. 33,

NO 555, thdng 3 nam 2007.

3. James R. McCaa, Mathew Rothstein, Brian E. Eeton, James M. Rosinski, Erich Kluzek,
Mariana Vertenstein. User’s guide to the NCAR community atmosphere model (CAM 3.0),
Technical Report NCAR, Boulder, 97 pp., June 2004.

4. McGuffie K., Henderson-Sellers A.. A climate modelling primer- second edition, John Wiley

& Sons, 246 pp., 1997.

5. william D. Collins, Philip J. Rasch, Bigron A. Boville, James J. Hach, James R. McCaa,
David . Williamson, Jaffrey T. Kiehl, Bruce Briegleb. Description of the NCAR community
atmosphere model (CAM 3.0), Technical Report NCAR, Bouider, 210 pp, June 2004.

24

Tap chi Khi tugng Thuy van * Thdng 4/2008




