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1.Lich stf phdt trién

CAM 3.0 14 tén b0 md hinh khi hiu khi
quyén, dudc vi€t tdt bing cdch 18y 3 chif cdi
ddu tién clia 3 tif ti€ng anh “Community At-
mosphere Model 3.0”, ¢6 nghia 1la “M6 hinh
khi quyén c6ng ddng 3.0 [4].

Khodng 15 ndm gin diy, nhém Khi hiu va
Pong lc toan cau (Climate and Global
Dynamics - CGD) thude Trung tdm Nghién
cifu Khi quyén Quéc gia — Hoa Ky (NCAR)
d3 xay dyng m6 hinh tdng quéat khi quyén toan
ciu 3 chiéu.

Vi mong mudn duge phd bién rong rdi, md
hinh dudc thi€t k€ ¢6 nhitng ¢dng cy mang tinh
cOng ddng, nhidu ngudi ¢6 thé sit dung, sdng
tao vi phdt rién nén né duge dit tén 1a “Mo
hinh khi hau céng déng” (Community Climate
Mode!l - CCM).

Phién bdn g&c md hinh khi hiu cong dong
ca Trung tdm nghién cttu khi quyén Qudc
gia, CCMOA (1982) va CCMOB (1983), dua
trén ¢d s& mo6 hinh phd clia Uc 1977, 1978 va
phién ban doan nhiét md hinh phd (1979).

Thé hé thit hai m6 hinh c6ng déng, CCM1,
duge gidi thiéu vao thdng 7 ndm 1987, bao
gdm mot loat nhiing thay d6i ddng k€ trong
x4y dung md hinh, ching lAm thay déi ¢d bin

NgudSi phdn bién: ThS. P§ Lé Thuy
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d8i v6i md phéng khi hdu. Nhitng thay ddi
chinh trong md hinh bao gdém thay d8i tham s&
hod bifc xa, sita lai k¥ thudt vi phdn d&i véi
chi s6 déng luc, sita lai cdc qud trinh khuéch
tan theo phuong thing ding va phuong ngang,
vh thay ddi t6i trao d6i ning Iugng bé mit.

CCM?2 thé hé thif ba clia M6 hinh khi hiu
cdng ddng, duge gidi thiéu vio thdng 10 ndm
1992. Phién bdn nay 1a k&t qua cla sy géng
sdc 16n nang cdp, thé hién vat 1y khodng rong
cdc qué trinh khi hiu, bao gbm: may, bic xa,
d6i luu Am, 16p bign hanh tinh va vin chuyén

ning lugng. M3 ngudn CCM2 duge cau tric

lai sao cho thoa min dude ba muyc ti€u chinh:

- D& stt dung hon, bao gdm cd sy linh hoat
st dung trén cdc mdi trudng khdc nhau,

- Tién lgi k&t ndi giao dién vat 1y chudn;

- K&t ndi nhitng cbng viéc don 1€ bing
nhitng kha nang da nhiém.

C#u hinh md hinh chuin CCM2 ¢6 sif khdc
biét cd bén so vdi phién bdn trudc & hiu hét
moi khia canh, bit ddu wr d6 phin gidi, & day
CCM2 st dung dd phén gidi phd theo phuong
ngang T42 (budc lusi xap xi 2,8 x 2,8 do), vdi
18 myc theo phucng thing ditng va muyc trén
cling ciing 2,917mb. Thay ddi déng Iuc bao

2dm st dung tryc toa d6 thing ding dia hinh

lai, k&t hefp sg d6 bdn - Lagrangian cho vén
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chuyén 4m theo phuong ngang. Nhitng thay
d8i co ban v& vat 1y bao gbm viée sit dung gin
ding § -Eddington dé€ tinh hap thu bifc xa mit
trdi, s& dang dang dudng Voigt @& thyc t& hon
d6i véi bifc xa hdng ngoai 1am lanh tang binh
luu vv...

CCMS3 13 th€ hé thif tv trong loat Md hinh
khi hiu cong ddng clia NCAR. C6 nhiéu thay
d8i quan trong trong lia chon tham s8 hod vit
1§, nhitng thay d8i vé dong luc. Chii trong sita
@i vat Iy tiéu bi€u d6i vdi cdc qué trinh khi
hiu riéng trong CCM3, ciing nhu sita d6i dé
mé hinh khi quyén k&t ndi tién 1¢i, phit hgp
hon véi cdc md hinh thanh phin dit, dai
duong, bing bién. C6 nghia 1a thay d8i quan
trong d6i v&i md hinh khi quyén hudng 161 hé
thong hod t6t hon cdc ngudn niing lugng tai
dinh va bé mit khi quyén. So sdnh vdi phién
bdn CCM2 nhitng thay d6i chinh ¢6 thé nhém
thanh 5 nhém:

- Thay d&i ddi véi truyén bife xa qua cot
khong khi ¢6 va khdng ¢6 miy;

- Thay d6i cdc qué trinh thuy vin (nhifng
thay d8i trong 16p bién, d&i luu 4m, va trao d6i
ning ligng bé mdt),

- K&t ndi md hinh bé mit ddt phic tap;

- K&tndi thanh phéin dai duong 13p xdo trdn
mong/nhlet déng Iuc bién bing;

- Lira chon nhitng thay ddi khéc ¢6 tinh hinh
thifc, ma khdng gy ra nhifng thay d8i t6i ban
chat m6 hinh khi hiu.

CAM 3.0 13 th€ hé thit nim md hinh khi
hiu toan ciu cda NCAR, Tén dudgc thay ddi tir
‘M6 hinh khi hiu cong ddng’ thanh ‘M5 hinh
khi quyén cong ddng’ dé phin 4nh vai trd cla
CAM 3.0 trong hé thng khi hiu k&t ndi day
di. Khdc hén véi nhitng thé hé m6 hinh khi
quyén trude, CAM 3.0 dugc thist k€ qua sy két
hdp giffa nhitng ngudi st dung v nhitng ngudi
Xay du’ng trong Nhém lam viéc mo hinh khi

quyén (AMWG),

Nhiing thay d&i chinh v& vét Iy bao gdm:

- Ngung k&t nitdc may st dung sdn phdm
dy bdo. Stra ddi tham s& hod theo huéng thyc
t& hon cho sy bdc hoi va ngung két dudi tdc
ddng bdi cdc qué trinh qui md 16n va sy thay
déi cdc phan miy;

- Tron géi nhiét ddng luc mdi ddi véi bing
bién; '

- Thé hién rd rang phin phii clia dat va bién
bing;

- Mdi, t8ng qudt, va ti€p cin mém déo
trong viéc tinh todn bifc xa: Nhitng tham s0
hod mdi tinh todn dong bic xa séng ngin,
séng dai va mudc nhiét igng;

- Tham s& hod mdi d6i vdi hip thy séng dai
va phdt xa ctia hoi nudc;

- Cap nhit méi hap thu gan hdng ngoai clia
hdi nude;

- Nén xon khi ddng dang dugc thay th€ bdi
s& liéu khi hdu hang ngay d6i vdi sulfat, mudi
bién, dioxit carbon, bui. CAM 3.0 bao gbém ci
cd ché€ tdc d6ng ctia xon khi nii lita tdi bic xa
s6ng ngin va séng dai.

CAM 3.0 — 142 moO hinh nghién cfu, c6 thé
chay mdt cach doc 14p va cling co thé chay k&t
hdp vdi cdc md hinh thanh phin cia B mo
hinh khi hiu c6ng dong (CCSM — gdm bdn md
hinh thanh phan: M6 hinh khi quyén, M6 hinh
dai duong, M6 hinh dit, M& hinh-biing bién)
[13,[2].

2. Pong luc va tham s6 héa vat ly

CAM 3.0 phin tdch rd rang phin tham s&
héa vat 1y v phan ddng lyc, c6 thé dé dang
thay th€ va bién ddi ching m6t cdch ddc 15p.

Phuong trinh dy bdo téng quét cho bién
¥ ¢6 dang:

V. Dly)+Ply) )
ot

~ Trong dé ¥ 1a bi€n dy bdo nhu nhiét do,

thanh phin gié ngang v.v.. thinh phin déng

luc va P thanh phan tham s& héa vat 1y [4].
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a. Pong liic

M6 hinh CAM 3.0 st dung ba dang dong
luc: (i) Bong luc Cle, (ii) Pong lyc Ban-La-
grangian, (iii) P6ng lyc thé tich hitu han.
Trong khudn khd bai bdo nay s& chi md ta hé
truc toa dd thing ditng duge ding cho ba dang
doéng lyc, va cdce phudng tiinh déi véi dong luc
th€ tich hitu han,

M6 hinh CAM 3.0 stt dung hé toa d6 thiing
ding lai. Hé toa d6 thing ding lai dugc phat
tri€n vao nim 1981 vdi muc dich cung cdp
khung 4p dung chung cho truc toa d6 thing
ding, trong d6 bam st theo dia hinh & gan bé
mit trdi-ddt v d thanh hé toa d6 dp sudt &
nhitng 16p trén. Hé toa do lai 13 khdi niém
chung hon so v&i so dd hé t0a d6 ¢ . Tuy vy,
hé toa d6 lai thudng dugce dinh rd theo cdch
sa0 cho hai hé toa do déng nhat [3].

Hé toa do thing ditng ddi vdi dong luc Cle
[4]

Xu#'t phdt tir nhitng phudng trinh nguyén
thiy trong hé toa dé thing ding theo dia hinh,
yéu ciu dinh rd nhitng tinh chdt co bdn cda hé
toa d6. N&u dp sudt b& mit 13 7, thi tryc toa
d6 thing ditng n(p,7) théa man:

et

. ﬂ(p,' 7[) 13 him don clap

2. n(ﬁ,ﬂ)ml
3. 9(0,7)=0
a. 7{p,, ) =1, trong 46 p,1a dinh mo hinh

* Hg toa do thang diung doi vdi dong luc
Bén-Lagrangian

Pdng luc Ban-Lagrangian st dung ciing hé

toa d6 thdng didng (77) nhu dong luc Cle, bing:

P, p,) = A po + BODp, (1)

Trong d6 p1a dp sudt, p, dp sudt bé mitmd

hinh, p, 12 hiing s§ dp sudt tra cu, A va B 1a
cdc hé s6 theo cdc myc md hinh.

* Pong hre thé tich hitu han
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Trude hét xin dua ra khdi niém “mit do -
gid” (pseudo-density) ﬁzgj—)- (gradient 4p
sudt thing ding trong hé toa d6 thing ding
tong quat ¢ ).

Phudng trinh ¢dn bing thiy tinh trong hé
toa do PE cdc ¢6 dang:

(2)

Trong d6 £ mat dd khong khi, p d4p suft, va
g hiing s0 gia 8¢ wong trudng. Phuong trinh
can bing thiy tinh m6 t3 m&Si quan hé giita
mit dd - gid va mit d6 thit trong hé toa dd
thing ding ¢ ¢6 dang:

oD
A

3
o 3)

Trong d6 ® = gz dia th€ vi. Ghi chd ring
trd thanh “mat do that” néu ¢ =—gz , dp suit
bé mit néu ¢ = o . Phudng trinh mé td dinh
ludt bdo toan tdng khoi lugng khong khi ¢6

dang.
( | 5 ]
P-

= i
Trong d6 Vz[ Rt
g Y dr

4

. Tudng t¢ nhu vy
phuong trinh mé t4 dinh ludt bdo toan khdi
lugng ddi véi hai nude ¢ thé dudgc viet:

a -
—(m )+ V)V 1 |=0
at(ffq)Jr n

(5)

Trong d6 g d6 4m riéng hoi nudce.

Phuong trinh md t4 dinh luat nhiét ddng lyc
hoc thit nhat d8i véi nhiét d6 thé vig c6 dang:
i > 6
5“(7[9)+V. Vi |=0 (6)

i M

Phudng trinh dong Iugng co dang:
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““a—u:QV““*—-l——“ mw(k—i—CI)—vD)—kl o r _d¢ ou )
ot Acos@ X% dt o¢ ‘
"”?“"':'“Q?/l—l w(k-!—Cb——vD)-kwﬁmp —%gﬁfm (8)
ot A p 06 dt 8

Trong d6 (1,8) hé toa d6 (kinh, vi), A bin
kinh Trdi dat, v hé s8 phin k¥ lva chon, D
phin ky ngang.

] 0
‘mb( )

kW%(zf —I—v?‘)

69

L COS@)} e

Q=2msmf+

{—qvwm-a——(ucosﬁ)J (10)

Acos@| 04 0F

V&), thinh phin thing ditng xody tuyét
d61, duge xédc dinh theo:

Trong d6 @ vin téc gdéc cia Trdi dat.
b. Tham s6 héa vt Iy [4]

Tham s8 héa trong CAM 3.0 bao gdm mdt
chudi cdc thanh phan, duge minh hoa bdi

P={MCR,S1} (1D

Trong d6 M bidu thi qud trinh gidng thiy
(Moist), C bi€u thi may (Cloud), R biéu thi
bitc xa (Radiation), S bi€u thi md hinh dat
(Surface model), vi T biéu thi xdo tron i
(Turbulent mixing). M&i trong s6 cdc thanh
phin trén 14n kgt duge chia nhd thanh cdc
thinh phin con khdc nhau:

M qué trinh gidng thiy gém:

- Poan nhiét kho diéu chinh ¢6 lva tron, chi
dp dung trong ting binh luu;

- P81 huiu sdu;

- B6i Iuu néng;

- Ngung k&t qui md 1dn 8n dinh.

C tham s§ héa may: tinh todn phén mAy,
chiing dnh hudng manh t6i tham s& héa bic -
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xa.
R tham s& héa bic xa gdm:

- Tham s8 héa biic xa s6ng ngin (chu trinh
ngay dém, xon khi, dic tinh quang hoc méy,
giao thoa miy, cdc thdng lugng bifc xa sdng
ngin va mitc 46 d6t néng);

- Tham s8 héa bifc xa séng dai (hap thy, hoi
nudc, khi ga hi€m, t 1& x40 trén khi ga hi€m,
phét xa cla miy).

S tham s& héa cic dong bé& mit (trao d6i bé
mit ctia nhiét, im va d6ng Iugng) gdm:

- M6 hinh dat;
- M§ hinh dai duong;
- M6 hinh bing bién;

- Ho#c tinh todn cdc dong trén cd s§ cdc
diéu kién bé mit riéng nhu nhiét dd mit nudce
bién va phin bd bién bing.

T tham s6 héa xdo trdn 81 ma cdc thong
lugng diéu kién bién dudi duge cung cdp ti
cdc ddng bé mat duge tham s§ héa tf thanh
phin §, bao gém:

- Tham s& héa 16p bién hanh tinh;

- Khuy&ch tdn thing ding;

- Anh hudng séng trong truing.

3. Cu tridc mé hinh CAM 3.0 [2]

M& hinh CAM 3.0 ¢6 thé duge md td bdi ba
khdi chinh: (i) khdi s6 liéu ddu vao, (ii) khoi
tinh todn xit Iy CAM 3.0, (iii) khoi k&t qua diu
ra (hinh 1).

khdi 0 hiéu khdi CAM khéi két qua
diu vao 3.0 > ~ ddura

Hinh 1. So dd khéi cdu triic mé hinh CAM 3.0
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Khéi s6 liéu ddu vio gdbm mot loat cdc
truding: s4 liéu khi nha kinh, khéi s& liéu didu

nha kinh

S& liéu khi

kién ban diu, s& liéu ozon v.v.. duge md ta
trén hinh 2.

ban diu

Kh&i 56 ligu
didu kién

S& lidn
Ozon

/

dau vao dat

S8 lidu didu
kién ban ddu
cho mé hinh

S8 lieu
dia hinh

S6 liéu bé

_méit phin
¢ldl cao
R wrd 1] o
S6 Liéu S8 ligu ki SST 56 ligu
bifc xa sulfat thite vat

Hinh 2. So dd khdi mé td khéi s lidu dau vao

Trong d6, khoi s6 lidu diéu kién ban ddu gdm mot loat trudng cdc yé&u t8 ma cdc gid tri duge

cho tai cde ndt Iwdi (hinh 3).

TNhiét ds

- Thanh phin gié vi hudng, kinh hudng

- P§ 4m riéng hdi nude

- Th€ vi bé mit
- Ap suit bé mit

- D&u phén biét ddt/dai ducng

- Nhiét dd bé& mat

- Nhiét d6 bé mit tuyé&t biing

- D6 diy tuyét

- Kiéu dat P
- Nhiét d6 4 tidu I6p bing bién

Hinh 3. Trudng cdc yéu t6 bao gom trong khéi s¢ ligu diéu kién ban ddu

Khéi tinh todn xif Iy CAM 3.0 gém nhiéu cdc chirong trinh con xtt 1y s8 liéu va tinh todn:

chuong trinh 1ap ¢&u hinh, chudng trinh doc s6 liéu, khéi tinh todn dong Iyc vv..duge md 14 trén
hinh 4.
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CT doc s6 . M6 hinh
liéu Khé1 CAM 3.0 bing bién

Khdi dong
luc

Mé hinh s8
ligu dai
dudng,

N

o

M6 hinh dat

CT két néi cdc
thanh phin

M6 hinh dai
duong 18p mdng

Vit ly (bite
_xa, 861 luu...)

CT so sdnh
k&t qué

M6 binh bt don

Hinh 4. So do khoi tinh todn sit I CAM 3.0

Kh&i s liéu ddu ra gdm gén 300 bién. Gid tri clia cdc bién dude cho tai cde nit ludi vdi do
phin giai cda ludi 1a 2,50 kinh, vi va 26 myc theo chiéu thing ding (hinh 5).

Kho1i diu ra “

- C46 dinh dang NetCDF

- P& phan gidi ngang 2,5° va 26
myc thing ditng

- Gén 300 bi€n két xud't

- —_

[Lmm— —

N

Ap suat bé mit Ap suft muce Nhiét Db dm riéng
PS (Pa) bién PSL (Pa) T (X} Q (kg/kg)

Hinh 5. So dé khdi qudt khéi két qud ddu ra

diém theo kinh huéng va 128 diém theo vi
hudng), chay vdi diéu kién ban dau, diéu kién
bién va SST (nhiét d6 mit bién) t¥ ngudn s&
liéu do NCEP (Trung tdm du bdo mbi trudng
qudc gia - Hoa K¥) cung c4p, bién bifc xa mit

4. Thi&t k& chay mé phéng

Téc gid ti€n hinh chay m6 phéng cho hon
m6tndm (1 01 thang 12 nam 1979 dén h&t 31
thdng 12 ndm 1980), v&i bude thdi gian 1200
gidy, mién tinh toan cAu véi hudi 64 x128 (64
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trdi nam 1980. K&t qué ddura la sd liéu trung
“binh thdng.

Trong khudn khd bai bdo chiing t6i xin trich
d&n, hién thi hai trudng khi tugng 4p suit muc
bién va nhiét d6 bé mait trung binh thdng cho
thiang 1 ndm 1980 (hinh 6a, 6¢), cho thdang 7

SeADh QST

Sellrs COAREAS

HOE T2

ndm 1980 (hinh 7a, 7c) v& goi day la rudsng
md phdng (hodc dy bio trong qué khit).

Pdng thoi d€ danh gid budc ddu, ching toi
dua ra hai trudng tuong ty nhu hai trudng mo
phéng trén t s§ lidu tdi phan tich cia NCEP,
va goi la trudng thitc (hinh 6b, 6d; hinh 7b, 7d).

] e g

ATl
GG 1010 OIS Gt

(b)

“gus tae w95 TR0

AL ST Wi A RY

Sl CLLhITES

Hinh 6. Bin do mb phéng dp sudt muyc bién (a), nhigt dg bé mdt (c) va ban db thuc dp sudt
muic bidn (b), nhiét 36 bé mdt (d) thdng I ndm1980

Théng 1 nim 1980 trudng dp sudt murc bién
v& co bin cho ta thiy sy ttong ddng tudng d6i
t6t gitta md phdng va thuc t&€ & Nam Bin Ciu
vi ddi quanh xich dao: dang cdia viing dp thip
gdm xich dao An D3 Duong, xich dao T4y
Thdi Binh Duong, Indonezia, Uc gifng nhau
va ¢4 gid tri 1000 - 1005 mb; ddi 4p cao quanh
vi d6 30°S phin b8 gin giéng nhau va cling ¢6
gid tri 1015 — 1025mb; vdi nhdn xét tudng ty
nhu ddi quanh 300S néu trén d8i véi dai dp

thdp quanh ria mép Nam Cyc. Trong khi do tai
Bidc Bdn Ciu, ving Bic Thdi Binh Dudng
khong dudc tudng dong gilta md phdng va thyc
t& nhung lai rdt t8t & ving lyc dia Bic A,
Aixolen va tudng d61 t6t § luc dia Bic M§ va
Bic Pai Tay Duong. Trudng nhiét d§ tuong
ddng rdt 181 ¢4 & Bdc Bdn Céu va Nam Bdn
Cau. DAi ¢6 nhiét do cao véi gid tri >25°C
quanh xich dao lan réng tdi qud vi 46 20°N,
2098 va cling ngit quing, thu hep trén lyc dia
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Chéau Phi, Chdu M¥ La Tinh, nam xich dao
Poéng Thdi Binh Duong. Tir dai quanh xich dao
nhiét d6 md phdng va thyc 1€ gidm déu vé
phia hai cyc va cling ¢6 gid tri thdp nhit trén
phan luc dia Bic Nga, Bic M§ vi viing quanh
kinh d6 60°E Nam Cuyec.

Thang 7 ndm 1980 trudng 4p myc bién rit
widng dbng gitfa md phéng va thuc t& ¢d & Bic
Bén Cdu, cd 8 Nam Ban Cau. Pic biét tuong
ddng ot 1a: hai tdm 4p cao B#c Théi Binh
Duong, Bic Pai Tay Duong vdi gid tr
>1025mb, ddi 4p cao quanh vong vi tuyén
3008 véi gid tri >1020mb, ddi 4p thip quanh
ria mép Nam Cyc vdi gid tri <980mb, cdc tAm
4p thap trén Arfip xédt, luc dia phin phia déng
nude Nga. Viing quanh kinh d6 60°E Nam Cuc

eI SECTAT

AR S AT LR T

Hinh 7. Ban do mé phéng dp sudt myc bién (a), nhiét do bé mdt (c) va bin d6 thuc dp sud

trén c4 ban dé mo phéng va thyc t&€ ciing 1a
ving 4p cao nhung gid tri trudng thye gy nghi
ngd, nguyén nhin giy nghi ngd ¢é thé 1a do
gid tri dp sudt myc bién dudc ngoai suy tif 4p
suit bé mit va do sy thua thdt clia mang Iudi
tram & day. Trudng nhiét do thang 7 ndm 1980
rit twong ddng gitta md phdng va thyc t&, thim
chi ¢6 thé néi 1a twong ddng nhat so vdi ba

trudng dd phén tich & trén. Nhiét d6 cao & déi

quanh xich dao gidm din déu vé phia cue,
nhitng gid tri cao nhit dat trén 30°C khéng
ndm & xich dao ma Jéch bic nhu tai: Bic Phi,
Trung Pong, va Bic Trung M§. Nhiét 46 thdp
nhét Bic Bdn Cdu tai Aixclen va thap nhit
Nam Bén Cdu tai viing quanh kinh do 60°E
Nam Cuc.

EUIRURE S

(b)

LT OE R

(@

i

miic bién (b), nhigt dp bé mdt (d) thing 7 ndm1980
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5. Két luén -

M6 hinh CAM 3.0 - md hinh khi hiu khi
quyén toan ciu, ¢6 thé chay doc 1ap va ¢ thé
chay k&t hgp vdi cdc md hinh thanh phin khdc
ctia hé théng khi hdu. Péng luc md hinh ¢é ba
dang chi s6 ¢é thé lya tron, tham s6 héa chi
ti&€t nhiéu qué trinh. M4 hinh ¢6 cdu tric don
gidn, cdc modun ddc ip véi nhau dé bign doi,
cdi ti€n. M6 hinh ¢6 lugng 16n rdt phong phi
cdc bién k&t xuit.

Mo phdng bude diu cho mdt thing mia
déng, mot thang mia h& cho thily truding 4p
suit bé mit tuong ddi tuong ddng vdi trudng
thite, d6i vdi trudng nhiét d6 bé mis su twong
déng vdi trudng thire cdn dic bidt t8t han, va
nhin chung Nam Bdn Cdu thé hién cdc mo
phdng t6t hon Bic Bdn Ciu.

Bii bdo 13 m6t phin k&t qui cda dé tai
NCCB 705406.
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