% 16 %5 6 19 x5 #® % Vol.16. Nu.6
1992 £ 11 A SCIENTIA ATMOSPHERICA SINICA Nov. 1997

MR R EE R A
S YL AR

e
3] #!E@
(o B RSB A S S PSR ST B b 57 100029)

5K B &

CEEMYM Y R¥. Albany, NY., 12205 )

=

i
# g

R TR TL Y iR HAK,.) B ET NS BERE A IR & &
Wi EE. FCE S TL MR RS R T(EM3 ) 5 MR K RBEAT T Pl IR 2
RFER KK BB RME T ITRUF Z(PBL Y-S T 4 B0 i #4955 9 M PBL L L TL
A &R SRR AER RS SN TR SHEHML X PBL FTRAPYERES TL L
EMARREATREATIPBLEEZREAYMHEEREM, 20N ERRA MR, Mk,
kA ATBRE wiiE DREEZE.

— 3

C RSO EFARKTREGHEA HESEN I TERHANEL FHE
WEERA TL NWRAS A" TL A4 4 8 54 m &M PBL AL R A i TL.
A | AR IR M PBL M ERAFE, PBL bl Ui £ B4 SR E M
sfim R gs, RAYVEW R E SR R KA KRR L,
EEEMAKFREL BREHE.

KR E A A B A R A Rk % PBL A e TL B0 MAR Y Rt &1
HEAH TLRK, KILVFBEUNEEYESRAE A& thE. PBL WAL TL
M AR A — R PBL U LBt F R ES R 8 LA 8 R B A A ES
#£, PBL LA b TL #oisi M £ 2 OES 8/, RAKMARE, MCHE -FL2
Bk, DigE TL NP RERMEMMER, EEMRNEEAM.

=, EERRYRARA

)

AFRERUT 5% KBRS 2T 7 0 B s

1991 ¢F 4 H 24 BCEL 9 A 11 YR .



738 Ko @

&

16 &
1. LoK . #
Louis ML K BN, &% £ 8 K 5 U L RAPM 1Y 1 R 8.
i
A
K.=1{ T: F(R,) . ()
oMt KRS F(R,=C1+4.7R,)7", (2)
» 9.4R ,
Sora 7 S YU PR . THR 3
et e e T AT NS (3
K 1 =0.4z/(1+0.4 2/100), (5)

B Av=(Af+ AP EREBEDBNIAFRELE, R, 244 Richardson #.
2, MKz®Y

PRESEBEAMMAN R ERLUTL A, pHEMREUL 2>z (PBL BE) i
AREXS. B

R.—R,
K=K +15'" z C R.<R. . (6)
K:=K-o ‘q.‘b2 RJ(‘ ' (7)
— (2w \e 80 Vel g
o S—(az)+(‘6z)fm (8)

%R Richardson ¢ R, =0.257Az%7 9)

KB K., =1.0m"5. [=40m, FEAFZF, KR6)XM0.SAL/Ar MR/ ME, Mo
B LK, B0 100m™/s i B AME. o z<z, IABEXRS

. A7 28
k=96 & (o)

Hp 0, 0, 5 5 R B AR & BRI AR, % T RBERT R AL 0 B . B
HOOXERERE. BREENREEZBEHTSHE, HHRE R TR [6).
3.KuK B

KD 8T K B ks

.

K.=0.4u.zexp [*0.91(

)p-ﬂ-f] ! (e.74+4.7 - ) . (1

A LF RN N



WEBE: FMWEYHE G S e P B

z, lz—-2,)
=040 A<ln — +4.7 L
u U {n 2 + 4./ I }

o

LA

2

n=).? L
TS
Hrhp=z/L HPBLEEESH. L A8 - BHAERK
B u. RIRRR B R i
K. =04y.zexp (—4 % ) .
w.=04u/Inlz 7z, ) -
z=0.18u./ f.

AR E KR
K,=3.39u.:,.({].473)m( = )“‘( 10 = <0.05
K= 1.36;;‘:;[0 02+90. 41( z )+| 35 (— )24.:(% )

z ! ; z
2,56 = | [-p ) 0.05< = <0.6,

K.=0.27u.z,exp (6

K.=0.0018uz(—)"" =

z=0.25u7f
# g, M, A RERERESSERENRE. [ NN S

4 Lek B

Lej Mg &

73
()

{13}

Za j] l‘j] ,h' '”zj"a.ﬁﬂﬁ‘ri_, ,Q l’\

ST TGS SR, ST PBL ARUT RSN KB PER(T



T}

koKxoB % 16 %

K.=0.349 u.z‘.(% )“’”‘ {[ 1+3.775(§ )"‘“][H 1.288 (— )“ A2

WHEE KR
0.0803 (~ )""'*
. < , _af 2 Yoam
K—"“‘*"[ [+ 1.459 (z./2)" AR (_) "] (24

. i . o 1448
K_:ﬂ.zsﬁu,z,(i ) T {[ 1+2.33 (; ) }
x [1+2.?75( )“H . | (25)

Wezo B FAMK, .

[E]
19]

i) | 8]

5 KK, ®

% TEMF R PBL AR REASHA K @, 6T K QRARH

HZE:9

K.=0.1;_0, . (26)

b A, HRTRIE. o, WEIREEREE, RRRERLENL f o, WA XA
[8] GHMXRGEE. HREAT

T 2, z
aw=u.|:l.246— 1152 < 4 11 - 10"( _.E)(T- )
i oef 2
1,31« 10 (L H (27)
. ST 2] z .
J=10.385 ¥ 2.312—0.0863111(75 H Z } (28)
z,

RHERS
.= u. 6.282—0.797 ——) , (29)

]

|

io=3z. (30)
MABREHR

o“.=u.{1.282—0.797 2 —[5.3 107+ 07T

1

b IN
| |



&1 HERE: HRERE R sk 741

[1+3‘362(%)5"‘"’H uz -3, (31)

0-61+0.487 — ( Y 0.33+0.0141In(zz)
L)

)m (30,038 (e K= 300132

Am:[5.91(—)—7.56- 104}, f{ua.zs( )1
. i :
IJ -
j [1—.2.7 - 10 fexp (16‘75 = } {33)

z>z R MK, B(S)EM/,.

. FRK EZHLE

a,= U

|+2.06(

b [N

[ ¥
I

ta

LoK, fl MK, S¥ LB ER A, TEZREAUEEH. TOZMEN
B REEXSR. PBL AN MK, RHCERN TS SHE. HES5RETHEE
KR, £B TSRS, LoK, i [ MEESE MK, INEE.

KuK, RIBIEEMEZH LB MEITBIES N, FEENESERT BI2EH.
A PBL BLERHE, FEERDAERE.

LeK, RE&4MT PBL IE 10 $43% K, WEALHAMBCERERN, CHEN
SR RSRENAZRER, 11— 8

KK, B4 T FRMA R MG S8 M. PBL ARRES 08 RSt
BERR. TS LeK, ARMBHETRER, 1, 7o, Fi# CEASME. PBL UM TL,
FHBFH MK, UERL BEETLEE FHit, WSELERMTE LA L%
DURBESMPBL LISAILL b TL RS MALHE, KK, T2%, BERILOHREE
FLMERGRE. ,

A TR K B PBL MAE R, BARRBEES. iz, K 10 °'m 45
2.5m )AIEA(10 — (000m ) f 213 R MBER ™ FIRF &5 5 2K M HB(HE 1)

£1 PBL AXMSFAK, B ELEHIE

i KK: LeK, MyK; T KuK, LoK.

LEAR T2 1.07+0.283 1.100.466 1.17+0.475 1.40£0.662 | 1.74 0,628

ME L E, KK RELENE SHEg/h Kuk, BiE g FHHH Lok,
Bk,
FIH OSCARS %4 '(1981 £ 4 § 22 — 24 H )R MM4™ B 5 had “HR



742 KoxROH % 16 %

My, TREERERERR. XURCRETFREOEE, SR SRR E SEMR G XS
BK BE TR, 5T R A b g K R AT 28 [ R AL 2 e [ R
F30 % 30. Ax=Ayp=80km. £ {EH Z 100hPa LI FHE 4 TL, EEREEL=19).
KK, REFHESE /R KK, SHY K hEMSIHERLE 2.

F 1 AEK EE OSCARS LEHTHILE
k oo |3 [ (s [ oa | 7 8| o011 [12:13 |4 |15 [H6 | 17 1&
KK;(mz.-’S)JO.O‘iS 0.35[0.72{2.78(9.32| 19.6] 12.9{6.58|19.8|33.0

! ]
KK:LeKs | 1.1440.108 (k <5} LOSLO TR} | 159412718 (h13) | 2252 1735k 1Y)

L0 | 6.0 158.0 [16.9|24.6|64.8] 60.4] 1.0

KKe/ MK, | 11820098 (k<5 ) 121 H0. 119 (<9 | a2 41,13 (kg 13) 12T LeS6lk s L¥ )
KA Kk, | L +0.191 (ke g35) 1.2730.419 45 £9) | 3.6726.91 (k<13) 76941170 A< 18}
KK, /LK, | 1.8841.067 (h<5) SA8TR.86 k<Y [ 10.73NIL19SI3)| 1561 16.21(k<18)

MFE2EH. k<o rf, KK, BEBEREgm, R ekt PBLRES B
k<O, KK, BBERZAEMEN, RERBERSATE L LA, B A
MG, & RS W7 2 ME. FARKK, #ROEHEE, k=11 #128%F 1. KK,
FEHAD, ZANNTRHZRADERRDEA. L=13HRX KK N2 W EN:
P k=18 4b, KK, %/, i k=14-17 8 KK, KT z LA FRI{E. K PBL LA L TL
FREEMGYEHET. A2, ¥ TLKK, R ARETELN. CRAEME
fE PBL {%)2, 7 PBL I b st 15 2 U178 i 36 B0 kA /b KK, BY BE B 1 o ROk X -~ L.

KK, 5HEMNEK BWEHEEDEH A<IHBEARE, KK, LK. . MK
KK, 817 —%, LoK, BT KK, ; A<9M PBL, LeK, 5 KK, B#if, MK,
f1 KuK, 5 KK, FIHEETE 30% KA, HKK B, LoK, TRE/XSHE 1 M4
BAFWMREEE; PBLUETL, KK, B AT LeK, IMK,, X EERE ] L
FRGEHK. B K, HERSEKeK, kKK, /MRE. 8.2, LoK, B/ KK, KREN
RELS, SEE, BRamALIERERE x-SR

M. B K, B xR AR

HHEE K B TL YREHZRAEW, & TR A2 EM3Y OSCARMEN
HE SR MR EM3 7 RADM © 2 B T S AMFEMER: MINE SR BRN:
EEBEEARN KA KR KR RAGEYEESHSHBRIE TR EEL.
8 B TR/ T B E P TR, EM 3 BREUR 52 & M RSP TR ik .
BT RS AR TL RS =R T REE. RAY . L s AR
R4S, B R E R e A MM A TR R B, B
1985 45 A 32 R SR (50 — S000 km) %5 S35 e fl RADM™ Atk ¢
RIEHER.



6 H TEEE MERYEE ARt Rs Rk tR T3

Al W*E‘ié&’ PR K R Rk b 2 e A R R Skm LUR R AL
A IS BT 0.5, 10km B,
b BEERAL XGRS LeK, 2o .
H MK, HfEPBL Wﬁﬁ?fﬂmaﬁ:& H OBEw ..,

WM LK, PBL EHAH, kg i o b 0
FREER o Rz i ke D AN [ IR B v 8 a;,‘_’&m{"m) a0
&tt?ﬁ%lﬁﬁk’ EIRHHTK i}’“?ﬁﬁl’f‘lﬁfﬂﬁi‘ H1 ABEMK, #l LeK, i EM 3 &Y SO e
Wil 7F K. HE AR B2 B R He A 5 1

R SE—HRERL T (£3), i LoK,. M,K,. 1K, il KuK (94,
ol B AR, WERKTE 17 E. Bk 0,49, LeK, 4 k<3 09{L
EEHET T EMKREZHNBA AL 2THTL, LoK, HE =X K Mk Enltdnf
W, W8 K, B4 TL /R 50 BUE ).

%3 FREK, B SO, REILEEEELG =/= 10. T=30h)
T

K 1 2 3 4 5 6 7 9 10 13 In 19
LoK, MK, [0.83 [0.79 | 066 | 075 [ .55 | L.74 | 078 | 079 0.52 | 1.26 | .09 077
LoK, /LeK, |17.1 | 3.52 | 2.07 | 064 | 0.55 | L.73 | 077 | 078 | O.50 4 1.30 | L3| 0.7
LoK, A 8Kz [0.84 [ 079 | 067 | 0.75 | 0.35 | 173 | 083 | 0.67 | 0.9 | 110 | 13U 0.67

& LR
‘ i
M
I L
0 .
L
#| 22 BLALoK, if) EM 3 BT Ik ¥ 4 Fi #2b RALeK, 87 EM3 BENAHKBESr hi

Bl 2a # 2b B FR L BN F 30 i B LoK, A B AT LeK  #if
5., RRFEM2b Ay I=17. j=27 BiEAH — AREFC. B2 BAMK, U4



744 PN - 16 4

ARSI, RUTAR) K, BIARREEE NI B, 145 6 B RBHAR A

. EHEH AT E LAY

ATVHEELEMY REACRAER. 5080 74 SRAE R E R
SR 2 R M B Sl MR A

Bl 3a EAHEHMK. S TR FHRE S A Pl 3b Hi# AiEapfIK AFHR TR

B 3a R EE X 0.99 - 107 ppm, K R RARKE, BT REEDN
FIE 3b, EBGENIR Y MME DO RWEAEHEKT A L RN, BAKERN
2i50.16 - 107 ppm. FWHFHBRHEHEYREE LT R EEN.

RiE—E RS EA TL WEEEMT TR, #A S HA BHEHE W
R —-AEERARENHEAERSF.

R4 BREWEETRARELL EMSEEL

k | 4 [ 5 9 13 19

(0 hax Cppm) | 0.3 - 1077 {096+ 1070 064 - 107004 - 107 054 0 1070 [0.36 107!
= 18h

Clw} ACla) 62 - 10° 0.36 0.74 0.50 190 - 10 0.9

son| € ¥ dmaa(opm) | 0.16 - 1072085 -+ 107 |05t - 107 Mo - 107|076 0 L7 |08 - 107
I:

Clw/Cloy | 162 - 108 0.35 0.35 042 148 80 5.0

MEABRS, k=4— 920, FEAEHZHMKEREL. R EERFRERDE



68 HERE A HE AR A 6 S Rk 745

BEBELEN, MUHEDT ] RAGREEHE, Shdm £t Fig®, e
HEWEZAN, k=4 TR A=9 LL, HHMEE, dEEEhagy - Frs
TR AR k=19 8k =18 BB K, H =30 0. 5T 5k 5B EE A Rt
#.

A BEEHT K, il F A0 E

PBL TEMYEED K. M 5820 3t 6 R R B 8 TL. {0 A6 8 6
PBL LI LR K RSB0, A8 RHKES LSS A S RS 3 TL EEe. &y
PR M A 7E TL b at vk e By hin) B S 4k,

T — ',‘—q—w-v—l—"!—v——‘t‘*'1_“‘ L e e T B ‘
.',." LO : / \'.: LU H !
" Lo :"‘.vf'rH’ | }
SAY | j fic
. 67 ‘, e
L ‘rk—:fi .Z
Lo i% .
L0 TR
. . |
O .
i |
L ; [
0 i
y- Lty
Plda HEESHHKK, AFHEESE B4 FEELSHRIKK, 01 EE 50
#£ 5 AX KK, HRARE dO AR ETL
k i 4 .3 9 13 19

st Crma KK ppm)| 017 1074 0,19 - 107 018 - 1071|072 - 1072 j0.23 - 1075 | 04 - 078
=

C{KK,} /Clo} 0.0 0.20 0.29 0.50 4.26 L

Croax KKz )ippm) | 0.17 - 107" |0.16 - 1077 | 015 - 197 o9 - 107 {02 - 1072 | 150t
1=30h

CKK: 1A (o) 10.6 0.19 030 .63 2.63 Bt

A/ (E4b) 5RA(E 42 KK, B R E PO B B RS, SaBREeT KR
M, B4b FUAHREEE S L, ME 42 RF 2 AH BA L, E4b g R+
CEE 4a PRANHE, MAREFHATOHNEHEEEZRN TR 4 KESH



746 . P A G - S 164

e FEHIRAEE A=4.6 M9 4 FHT TR ERE A, BADREHESEEINY
1, SRR, BRBEE ORI R BRI TR KK, fEH
AHE. TR ERIBUT ARE b KK AR EEM BN, o ELRE S S50 e s 1L
WL A, K8 TL FE KK fEAMEtE TL TEMEEE. TL Eiff KK
(15 L s s

t. % #

FEK AHERE, KK WHEREEGE, BEFuRi PBL LT Z T BmE
W FE A MR PBL DA RV IR, e, SCBIT B RS Y R R 0 B
EgRE o

AE K, BEGUOTRRECRAHEEN, ENERBSELERHSEMTLY

G- R R ES Fa

FEHzEY PBL MG RYEREE TL EERMAIER THREE PBL AR 4 4
A ZREBIE A (87 (8] gt i BLATE] B

EHY 4 PBLISEMISERER TL EERARETEFEHEMER. W
ko fi g, TREIAN PBL L L P m L i im R N T SR
Hywe .

Bz, EXBIEEY RS AR, 4 TL K, BRI IEMRER, i TL
HESREERBEEFEEN.

8 £ X W

[11 Van den Hout K.D. and H, Van Dop, 1985, Interreginal modelling . Inferregional A Podlution
Modelling . The State of the Art. Pleoum Press. 11— §l.

2] Panofky H. A.. et al.. 1985, Atmospheric Turbulence. Models and Meihods for Engineering Applications.
John Wiley & Sons., 254 — 260.

[3] Ching 3. K. $.. ot al.. 1984, Observauonal study of transport in the tree troposphere. Fourth Jomr Con
ferenve on Application of Air Pollution Meworology, AMS. 154 — 157.

4] Louis J. F.. 1979, A parametic model of vertical eddy fMuxes in the atmosphere. Boundary- laver Mei..
17. 182 — 202,

[$] Chang J. S.. et al., 1987, A three dimensional Eulerian acid deposition model: Physical coucepts und
mode! formulation, Journal of Geophysical Research, 92(D32). 14681 — 14700.

[6] Anthes R. A. et al.. 1987. Description of the Pean State/NCAR mesoscal medel version 4 (MM4).
NACRATN~ 282+ 5TR. NCAR Technical Note. May 1987, 1 — 66

[7] Ku lia- Yeong ¢t al.. 1987, Numerical sunulation of air pollution in urban areas: Model development. 4
mospheric Environment, 2114 ), 201 — 212

[8] Lei Xiaoen, 1988. Parameterization of vanation of turbulent statistics and wind speed with height in the
PBL. Annual! Report, 14P, Academia Sinica. T, 248 — 253,

9] Lei Xiaoen and J. S. Chang. 1991. A high resolution model for species exchange within the loposphere
and simulation of regional acid deposition process. The #th Japan- China Symposium of JCSTEA 3Jermws.
November2? — 30, 1991, Tokyo. Japan. Acta Meterorologica Sinica (in pressh



61 BT T R R O R 1 B R e B 747
Parameterization Treatments of Vertical Exchange Model
for Chemical Species in the Troposphere
Lel Xiaocen Juitus §. Chang
{nsutute of Atmospheric physics. Chinese (ASRC.. SUNYA., Albang, N. Y.. 12705, L 54.)

Academy of Sciences. Bejing. 100029)

Abstract

In order to study the contributions of the parameterization forms of the variation of vertical
eddy diffusivity (K.)with hejght in the troposphere (TL) to the vertical exchange of chemical
species. comparative numerical simulation for 5 different K, patterns is carried out with “high res
olution model for species exchange within the troposphere™ {EM3) und OSCAR 4. The results
show that both high frequency turbulence influenced by the relative motion of the earth’s surface
in planetary boundary layer (PBL) and various shear turbulence derived from dynamicul und
thermodynamic processes in TL above PBL are better described by KK, pattern; both vertical
motion and K, play an impertant role in transporting species from the lower PBL up to the up
per TL and from the source fevel down to the bottom PBL; the vertical motion is intermittent
in temporal and spatial distribulion, but K, is continuous in the whole TL. K, can make greater
contribution to vertical exchange of species than the mean vertical motion,

Key words :  Verticat diffusivity; EM3; Vertical motion; PBL vertical structure; Vertical ex-
change for species.



