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Is the calculation of R; in the model correct?
The diffusion coefficients, K,,, K}, and K, are evaluated based on the Mellor and Yamada

level 2 scheme.
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3 Difference equation for diffusion of heat
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Energy balance at the surface is as follows:
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where Cj is the surface heat capacity.

Energy balance for surface with infinite heat capacity is as follows:
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This corresponds to the condition of fixed surface temperature.
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5 Surface energy balance and diffusion of heat in the soil

Prognostic equation of soil temperature is as follows:
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where Cj is the specific heat per unit volume of the soil and & is the diffusion coefficient for heat.
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For the case with finite surface heat capacity,
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6 Surface energy balance on the sea ice

Energy balance at the surface is as follows:
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where C; is the heat capacity of sea ice.
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2 A —A -
+Cpﬁ(T0) i (TVHAT =T 2Y) = G (TC)y, 1 (T = T2 (260)
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Ki A -A
(s i) (261)
_F}tL—lAt (262)
’2
—LF;_%N (263)
HEA (264)
2
A —At pt—A —A —A -A
—FSR — Frp (T2, 1172 — F}i% b LF;% C F;% K (265)
OFLr R A _A
+(~CuTmy - T - ) (a1 (266)
Py OFLRr
_2 T _ Tt+At o Tt—At 2
(G Oy - L) (s - 1) (267)

ooo,0o0000ooboooooooo,oooo00ooD t—-At00ooooooo.ogoo

<2Azt + Co(TOn g + 57 h) (Ti+A0 _ Ti=5t) (268)
P OF.r

3 t+At t—At
R e T e (269)
= PN - Frp (T8N T8 — By 2 = LES S oA (270)

) i) 92
bpr—1 = 0 (271)
Ci 8FLR Kj
b = — +C,(TC —_ 4+ — 272
Py OFLR
bk7k+1 = _Cp?l(TC)h’% + 871_‘1 (273)
gh,k: — _FgEAt _ FLR (Tst_At,TltiAt) _ thT%At _ LF;,;At + F;T%At (274)
7 Difference equation for diffusion of water vapor
1 Prtd = Pe—3  pine  t—nt t+AL t+AL
E% (qk —qt ) = Fq,k+% — quk—a (275)
_ At t+At t—At t—At t—At
o Fq’k+% B F 7k7% B Fq7k+% + Fq%ki% + Fq%k+% B ng%%ai)
for 2 <k <knaz—1
L Prtd —Pre—1  yne 1At

_ 2 2 — 277
2AL (67 — 4™ (277)

_ pttAt t+ AL t—At t—At t—At t—At
= Fq,k+% — Fq,kfé — Fq,k+$ + F(MF% + F(MH% — quk,; (278)
= _(Tc)q,k—&-%QIi:i?t + (Tc)q,k—&-%qz‘rAt + (Tc)q,k—%qz‘rAt - (Tc)q,k—%qltct?t (279)
+(Tc)q,k+%qltg:-$t - (Tc)q,k+%qz_At - (Tc)q,k—%qltc_At + (Tc)q,k—%qz_—?t (280)

t—At t—At

A (281)
= —(TC)gp—1 (43" — 421" (282)
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H(TO)y sy (@ —ap”

HTO)ghy (172 = a2
t+At t—At

_(Tc)q,k—&-% (qu Qg4 )

—At t—At
Ft - F
+ a.k+% q¢.k—%

= —(TC)gp-z (412 — 45
+((TC) sy + (TC) gy ) (a2 = a72")
—(TC)g s (55— a2

+Ft7At _ thAt

At)

a.k+3 q.k—3%
oo
—(TC) gz (5 — 4i=7")
<21Atp’“*5;)’“5 +(TC)ypys + (Tc)q,k_;) (@ —q
—(TC)grss (@12 — 430"
= - (ms -
fork=1
ﬁpﬂ% - D1 (qZJrAt _ thc_At)
AT e B e R e B e B
= —(TC) g3 042" + (TC) g syt
+e(TC) g o142 = e(TO) g oy g0+
HTO) g pas it — (TO)gpysar ™
—€6(TC)yp—1ay 2+ €(TC) gy g0t
FE  Fl
= (TC)quyy (a7 — i)
~(TC)g s (G35 — 430"
+e6(TC) g -2 (g2 = g2
—€(TC) s (@52 = g3 72)
T
= ((TC)MJF% + e(Tc)q,k_Q (gt — gt 2)
~(TC)giss (@2 = 435"
T C)ypy G (TS —TI)
TE — Faly
oo
oq;

—(TC) THAt _ pi-At)

q,k*%aTS ( s
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1 P+l —Pr-1 _
< 22 4 (TC) g sy + e(TC)%H) (g2 — g2 (312)

T 2At
~(TC)qry (437" — 4i37") (313)
— t— At t—At
- (Fq,k+% o Fq,kfé) (314)

000000000000 (00000000),00000000000,000000000
0 (000D0)000.

for k = kmax
I Pr+d =P / 1ine L—At
o - 1
Nl U St (315)
t+At t—At t—At t—At
st Fq,k—é + Fq,k+% N Fch—% (316)
= (T0)gu-3ai™ = (TC)g ey ai™ (317)
_(Tc)q,k—%qz_m + (Tc)q,k—%qlt;%t (318)
t—At t—At
LA S (319)
= —(T0)gp-y (55" — a,71") (320)
+(TC)q7k7% (q]tjAt _ th;At) (321)
t—At t—At
LY S FLA (322)
o
~(TC)g iy (@12 — 420" (323)
1 P4+l —Pp-1 A —A
(‘2&2 p =+ (Tc)q,k—é) (@7 = q7) (324)
_ t—At t—At
- (Fq,kJr% N Fq,k7%> (325)
xr, =
Cz, =G, 326
z, = (¢ =T =g g =g, (327)
Gy = (991,992 9g,kmas) (328)
-A -A
9ak = — (F;,k-‘,-t% - th,1¢—%> (329)
for 2 <k <kpe—1
k-1 = —(TC)gp_1 (330)
1 Pk+l —Prp-1
Ckk = _E$+(Tc)qvk+% +(T0)q7k_% (331)
i1 = —(TC)gpy1 (332)
fork=1
dq3
Ckk—1 = —ﬁ(Tc)q,k—éa% (333)
I Pr+d = Pr—3
Ck,k‘ = _TM# + (Tc)q,k*F% + G(TC)q’k,% (334)

kvt = —(TC)gpis (335)
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for k = kmaz
hp-1 = —(TC)gp_1 (336)
1 Pr+i —Prp-31
Ckk = _E% + (TC)q,k—% (337)

ckk-1, Chks Chern 0000000 C,0 LOOOOOOOOOOOO?O0000,0000 L
ooooooog?
ooo:

e xyza_QVapMtx(:,:,k,0) in the subroutine PhylmplGetMatrices,

o xyza_QvapMtx(:,:,k,-1), xyza_-QvapMtx(:,:,k,0), xyza_QvapMtx(:,;,k,1) in the subroutine

VerticalDiffusion,
e xyaa_SurfQVapMtx(:,:,1,0) in the subroutine SurfaceFlux.

gbooboobobob,00o0b0o0b0o0oocooooboooooobo,oboobooboooboaon. O
gooo,boo 20

Bz, = G, (338)
Cz, =G, (339)
oooo,
Dmhq = th (340)
ilth — (q]i:?:, _ qz;fz’ e qé+At _ qéfAt, qi+At _ qifAt7 Tst-‘rAt _ Tst_At, Tf+At _ TfﬁAt7 T2t+At _ thfAt, .
th = (gq,kmazv"'7gq72vgq7lvgh70agh,lagh,Qa -~-,gh,kmw) 5
_ t—At t—At
Jok =~ (Fq,k+% B Fchfé)
_ t—At t—At
Gk = = (Fh,k+§ - Fh,k—%)
for k <0,
dek k1 = Chk—1 (345)
depk = Crk (346)
dgr-1 = Crk+1 (347)
else
dg k-1 = brr-1 (348)
dek = brk (349)
dik+1 = brks1 (350)
gooo.

subroutine PhyImplFluxCorrect 000 xyr QVapFlux 0000 LC, 000000000000

ey

t+At

Emax
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oobo?000 LC, 000000000000 0000O0COOOGCOOO? 0000000

00000000ooo0oUoo0D. 00,L0000o0ooouooooooo? bQVapbt 0000

1 000, transfer coefficient 0 L OOO0000, 000000000000 QVapFluxO0OODO

0.00 ¢, 00000000000O.

000000,00000000 QVapFlux JO0O0OD0O0O0OOOO0OODODOOOODOOOO.
ao:

OO0oo0oooo0 Loooond ¢, 00000000, 000 subroutine PhylmplTendency O O O

xyz-DQVapDt O CpDry/Latentheat 000 0000000000. 000O00ODO.

dodddod, oo, oo ooooooa. d

00000, 0000000000 00ooooon.

8 Correction of thermal balance due to snow melt

gbo,0o0o0oooboooboooboooon,

n+1 n+1
T — Tg71

Frtl = gt 9 351
g K B (351)
= FM' 4 PP PR A LEPT 4+ R (352)
T:’ifl B Tgrtfl 1 n+1 n+1 n+1 n—+1 n—+1 n+1
Con—r5r— = — o (T LT BT LET 4 P — BT (353)

W=
(N

000,000, Fpt Frtt pptt pedt LEPHL RSP 00000, 000000000000,
000000000,000000000,0000000,0000000,000000000
oooog.

Fptl pptL LEpHL P40, 00000000000000000000000000000
00o0o0,00000 Tg+1,T;1+IDDDD P 0000000000n,d0000 Fgt o
ooo.ooo,

_ JFy, _ OFy, _
F’n+1 _ Fn 1 T’I’LJrl _ Tn 1 Tn+1 _ Tn 1 354
L L + aTl ( 1 1 )+ 6Tg ( S s ) ( )
ooooo,(.),(.) 00,
Tn+1 _ Tn+1 OF OF
S g,1 _ n+1 n—1 L n+1 n—1 L n+1 n—1
g el F F ZL(prt ZL(prt_
K Z% — 2 s + L + aTl ( 1 1 ) + 6T3 ( s s )
+FM 4+ LEM + PR, (355)
Tn+1 _ Tnfl 1 OF OF
C g,1 g,1 _ _ Fn+1 Fn—l L Tn+1 _ Tn—l L Tn+1 _ Tn—l
9.1 2At Z1— 23 s Tt oTy ( ! ! )+ T ( s s )
+FPY 4 LEPT + FE - F;+1}, (356)
goo.

000 2000000000,0000 724,77, Fs'030000.00000,000

0oooo00000o0o, P+, 7' 000000000, 0000000000 77+, 77!

0000000000 (T <Teona) 00, Ty =Teona 000, TP FEy DOOO.
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8.1 ULUUUubboOoogn
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0000, Fy =24~ 000, 70+, 7' 0000000. 000, Maew 0000000.
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KR KR _ 8FL _ 8FL 8FL
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+FM 4+ LEMT + R (358)
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ooo,
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1 oF OF oF
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3 3 s
1 OF OF
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+EM 4 LEM 4 Fg;,l}, (373)
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Z% —Z% 9 ’
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z1— 23 oT, ° (375)
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