Hydro-thermal processes model in soil, snow, vegetation «Pochva» for application
in atmosphere numerical models

1 Introduction
2 Surface processes scheme

BzaumopeiictBrue Mexay aTrMocepod M MOACTHIAIIEH TMOBEPXHOCTBIO  MPOUCXOOMT
MOCPECTBOM TOTOKOB Tera W BoAbl. OCHOBHOM XapaKTEPUCTHKOH, OMHCHIBAIOIIEH TEIMJIOBOE
COCTOSIHHE CpeJbl B NAHHOW MOJENH, SIBJISIETCS SHTPOMNHUs. JTa BEJMUMHA BbIOpaHa, T. K. SIBJSETCS
yA0OHOM 17151 onUcaHusl (pa30BbIX MEPEXOJOB BOIbI.

[Ipy B3aUMOJEHCTBHH C TOBEPXHOCTBIO COCTOSIHUM aTMocdepbl 3aJaéTcs TeMIIEpaTypoH,
yAEJbHOHW BJIQXKHOCTBIO BO3/yXa, IABJCHHEM Ha HHU)XXHEH YpOBHE, KO3 pHUUEHTaMH TypOYJEHTHOrO
OoOMeHbl MekKAy MOBEPXHOCTbIO M HHKHEM YPOBHEM aTMocdepbl, MOTOKAaMH BHIMMOW U CYMMapHOH
(net) pagManyy, MOTOKaAMH aTMOC(EPHBIX OCAJKOB B KHIKOH M KPHUCTAUIMUECKOH (pazax. CoCTOSSHUH
MOBEPXHOCTH 3aJaéTCsl TEeMIEpaTypoH M YIEJIbHOM BJIAXHOCTBIO Bo3nyxa. OmnpenesneHue 9THX
XapaKTEPUCTHK 3aBUCHUT OT COCTaBa MOJICTUJIAIONIEH MTOBEPXHOCTH.

2.1 CocTtaB noacTUIAIEH TOBEPXHOCTH

[TopcTrnawomas NOBEPXHOCTh €IMHUYHON TUIOMAIN — 9TO COBOKYMHOCTD AOJIEH 3TOH IJIOMWAIH,
3aHSITBIX MTOBEPXHOCTSIMH C 00Jiee UM MeHee OJHOPOIHBIMH, C TOUKH 3peHHs1 OOMEHHBIX C aTMOChepOoHr
NPOLIECCOB, XapaKTEePUCTUKAMHU. [I0BEpXHOCTh MOUBBI MOKET OBITh MOKPBITA PACTHTEJIBLHOCTBIO (TpaBa,
KYCTapHHK ), BBICOKOH PaCTHUTENBHOCTBIO (J1eC) U cHeroM. CHEXHBIA MOKPOB U BBICOKAs PACTUTEILHOCTh
NpeAnoyaraloT  Hajidude oco0oro  cjiosi  BemecTBa € OCOOBIMH  T€PMOAMHAMHUECKHMH
XapaKTEPUCTHKAMH, T.€. CBOeH cOoOCTBEHHOHM TemrepaTtypod. IlosToMy, HX HE BO3MOXHO
paccMaTpuBaTh KaK HEKYIO JOJII0 MOBEPXHOCTH «TOW K€ MOUYBbI», 2 HEOOXOJUMO paccMaTpHUBaTh Kak
CaMOCTOSITEJIbHYI0 «KOJIOHHY». T.e. EciiM BBeCTH MOHSITHE O JOJIM CHEKHOTO MOKPOBAa MJIM CHEra, TO
HEOOXOAMMO pa3fe/IMTh TMOBEPXHOCTh Ha 3 CaMOCTOSITENIbHbIE KOJIOHHBI, KOTOpble OYyIyT HMETb
COOCTBEHHBIMH TEMIEpaTypbl MPH OJMHAKOBBIX (AJ TPEX KOJIOH) TPaHHYHBIX (CBEPXYy H CHHM3Y)
yCJIOBHSIX. B IaHHOM BepcHMHM MOAENM HE BBOISTCS 3 CaMOCTOSITEJIbHBIE KOJIOHHBI, a NPHHUMAIOTCS
CJIeyIOIHe YIPOIIAIOIHE THIOTE3bl: PACTUTEJIBHOCTb HE JEJIUTCS Ha BBICOKYIO M HU3KYIO, a JI000H THI
(MM cMechb THUIMOB) pPACTUTEJbHOCTH pAcCMaTPUBAETCSI KaK IOBEPXHOCTb IOYBBI C OCOOBIMH
XapaKTEPUCTHKAMH; CHEXHBIH MOKPOB MOXET JMOO MOKPBIBATb BCIO MOBEPXHOCTh, JHOO MOJHOCTBHIO
OTCYTCTBOBaTb, HOJII CHEXHOTO IMOKPOBA BBOJHUTCS TOJIbKO KaK [IHarHOCTHYECKasl BEJIMYMHA IJISI
pacuéra paJHalHOHHBIX MapaMeTPOB TMOBEPXHOCTH (anbbedo, Hu3yuaeMocTh). Takum oOpasom
NOBEPXHOCTb MOXET ObITb JIMOO TOJION MOKPOH, YAaCTHUYHO MOKPBITOH HHU3KOH PaCTUTEJIbHOCTHIO,
KOTOpasi, B COBOI0 Ouepelb, MOXKET ObITb YACTHUYHO MOKpPHITA BOAOH, JIMOO CHEXKHBIM MOKPOBOM, MOJ
KOTOPBIM HaxXOIMTCS MOYBA. DTH JBA COCTOSIHHS NOBEPXHOCTH MOTYT NMEPEXOOAHMTH OJHO B IPYyroe, HO
HHUKOT[ja HE CYIIECTBYIOT BMECTE.
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Puc. 1. Cxema coctaBa NOACTHIAIOMEN TOBEPXHOCTH

Ha miomany sYeMKH YMCJIEHHOHM CETKH 3aJaloTcsl OO0J PacTHUTENbHOCTH (F.,) W 10Js
MOBEPXHOCTH JIMCTHEB HU3KOH PACTUTEIBHOCTH, MOKPBITOH BOAOH (F,"*).

Takum oOpa3oM, MOBEPXHOCTh B3aUMOAEHCTBYIOIIAsI ¢ aTMOC(hepoii ObIBaeT CIeAYIOMUX THUIIOB:

€CJIM HET CHEXKHOTO MOKPOBA, TO:

1) Fbare soil — 1- Fveg - ToJiad 11oysBa,
2) F"=F [1-F“ ™| - e yBna)HEHHAS MOBEPXHOCTb JIHCThEB HU3KOM PACTHTEIBHOCTH
veg — * veg veg y p p ,

1 . o
3) FY=F, F " _ypnakHEHHAs OBEPXHOCTD JIACTHEB HUBKOH PACTHTEIBHOCTH;

veg veg veg
€CJIM €CThb CHEXHBIH MOKPOB, TO €r0 HOJISI MOKET COCTABJISITh JTHOO
4) F snow:1

mbo F,,,=0, 1 Torna peaausyloTcst NEPBbIE TPH THUIA TOBEPXHOCTH.

Ectb ecTb cHer, TO ero noJis Bcerga paBHa eguuune (F,,,=1) ¢ TOUKH 3peHHs1 MOTOKOB BOJIbI, HO
C TOUYKH 3PEHHsI MOTOKOB SHTPOIHM JI0JIsl CHEra MpPH €ro HaJIMYMA MOXKET OBITh paBHA KakK €IUHHILE
(Fow=1), €ecu cHer 10CTaToOuHO TOJICTBIM, Tak U Hy O ( FRAC,,,=0), €C1 CHEer CIMIIKOM TOHKHH (CM.
CXEMY CHera).

JIJ1st KaXJI0r0 M3 9THX UYETBHIPEX THUIOB MOJCTUJIAIONIEH MOBEPXHOCTH NOJIKHBI OBITh OMpeeseHbI
TeMIepaTypa u BIQKHOCTh Bo3ayxa. «CyMMapHbie» IJIsl JaHHOH TUIOMAAH TemrepaTypa, BIaKHOCTH
BO3yXa U MOTOKH OYIyT ONpenesiTCs CPeAHHUM B3BELICHHbIM 3HAUEHHEM (ITPOMOPLMOHAIIBHO 3aJaHHBIM
TIOJISIM).

2.2 Temnepatypa U BIaKHOCTb BO3[yXa Haj roJIOH MOYBOH

Temnepatypa (7o) PaBHA TEMIEPATYPE CAMOTO BEPXHETO YPOBHS MOUBBI (T's,i0).
BraxHOCTB BO3qyXa OINpenesseTcsl AMarHOCTUYECKHM COOTHOLICHHEM:
qv surf soil:qv atm 1'(1_a)+qv sat(Tsoil 0)' a (1)
rue:
Gy surfson — air specific humidity on the bare soil surface (kg kg™) ,
qy am — air specific humidity at the bottom atmosphere level (kg kg™),
qy sa(Tsoin0) — saturation air specific humidity (kg kg™) at soil surface temperature T,



Q.. - empirical coefficient.

water .
— | v sat TsoiIO)’ lf Tsoi10>T0
qv sat i

qlce (TsoiIO)’ lf Tsoi10<T0

; (2)
vV sat

TO€ G 5™ ¥ G o/ - saturation air specific humidity (kg kg™) at soil surface temperature T, Over

liquid water and over ice.

Inst onpeneneHus SMIUPUYECKOro KosddulueHTa B AaHHOM paboTe mnpenjaraercsi MeTOoJ,
HHUKOTJJa paHee He UCMOoJjb30BaHHbIN. [Ipennaraemoe onpenesenre OblI0 BeIpaOOTaHA B XOJI€ UHCJIEHHBIX
9KCIIEPUMEHTOB C HCIOJIb30BAaHHE CTATHUECKH 3HAUUMOM OIEHKOHM MO OOJIbIOW BHIOOPKE HAOI0OCHHUH
Ha MeTeocTaHUuusIX (cMm. riaasy 6). Urak,

soil
asoil_ FslollKrurb _Flso:IKlurb H ( )
e’ +e '

rue

K™, — coefficient of water vapour exchange in the surface layer (m? s),

Fy" u F,"— empirical functions 0T OTHOCHTEJBHOTO BJATOCOAEPKAHHS CAMOrO BEPXHETO YPOBHS
MOYBBI:

FiOil: 15+3 ( 1 _qgel)0.2+0.05-b , (4)
F;mlzl_0'2.(1_q(r)el>0.2+0.05~b , (5)

rae b — empirical parameter names «soil exponent» (Clapp and Hornberger, 1978 ), ¢"- soil relative
water content at the top level (cm. rnaBy 4). BolOop 3HaueHHWH mJiss OnpenesieHHs] SMIHPHUECKHX
(pyHKIMH OueHb BakeH, T.K. CYLIECTBEHHO BJMSIET Ha HHTEHCHBHOCTb IOTOKAa BOJSHOIO Mapa H
CBSI3aHHOTO C TIOTOM IOTOKAa CKPBITOrO TeIja OT HCMapeHus, YTO, B CBOIO Ouepelb, BIHUSIET Ha
TeMInepaTypy MOBEPXHOCTH NMOYBBI M Ha TeMIepaTypy BO3[dyXa Ha 2 M, HCIOJIb3YeMYIO0 ISl OLEHOK
MOJIEJIbHBIX 9KCHEPUMEHTOB. BpIOOp M BiIMSIHHE 3HAUEHUH 9THX SMIUPHUUECKUX KO3(PHULHEHTOB OyaeT
NpeACTaBJeH B OOHOH M3 MOCIEYIOMUX MyOJMKaLUH, MOCBSIIEHHON OLIEHKH pe3yJbTaTOB YHUCJIEHHOTO
MOJIEJIMPOBAHHUSI.

2.3 TemnepaTypa W BJIQKHOCTh BO31yXa HAJ HE YBJAKHEHHOW TMOBEPXHOCTBIO JIHCTHEB
PaCTHUTEBHOCTH

Temneparypa (T,,"”) paBHa TemrepaType camoro BepxXHero ypoBHst MOUBbl (7Tii). BiakHOCTH
BO3/yXa ONpEeIesieTCs] TMarHOCTHUECKUM COOTHOIIEHHE, PUBEAEHHBIM HUXKE.

s onpenesieHus] BJIAXXKHOCTH HaJ TMOBEPXHOCTHIO HE YBJIAXKHEHHOIO JIUCTA PA3IMYAOTCS JBa
cilyyasi: 9BarnoTPACUpPALMHU ASHCTBYET MJIM HE JEHCTBYET. Y CJIOBUS AEHCTBYIOIEH 9BanoTpacHHpaliy
MIPUBEJEHBI B TJ1aBe 3.

B ciyvae oTCyTCTBHSI 9BanoTpacnHpalyHd BJIAXHOCTb BO3[yXa paBHA BJIAXKHOCTH BO3AyXa Ha
HH)KHEM aTMOC(EpHOM YPOBHE, a B Cllyuae HE CMOUYEHHOIO IbIMIAIIETO JIUCTA ONpPEAeIsieTCss METO0M
AHAJIOTHYHOMY B CJlyuyae roJI0H MOYBBI:

q. am,» if evapotraspiration not active
q, atm-(l—aveg-[;’veg)+qv i T 0)-aveg-[>’veg, if evapotraspiration active

dry __
q, veg

. (0

rjae:
Gy vee™™ — air specific humidity over respiring plant leaf Air specific humidity over respiring plant leaf,
¢y am — air specific humidity at the bottom atmosphere level (kg kg™),

¢y sal Tyoin) — saturation air specific humidity (kg kg™) at soil surface temperature T, (cM. maparpad
2.2),



Q.,., - SMIIMPUUECKU TTapameTp, orpe/ie/isieMblli aKTUBHOCTBIO 3BarOTPaclypalivy, 3aBUCSLLel OT
KOJTMUeCTBa JIMCTBbI M MOTOKA BUJUMOW COJTHEUHOM pafiaLivu.
B - apameTp, omnpeaessieMbld BJIarocoepkaHiueM B KOPHEOOUTaeMOM CJIO€ MOYBBI.
[TapameTp, onpenesisieMblii aKTHBHOCTBIO 9BaNOTPACITHPALINH, 331aETCSI:
veg
2 'Fz

Qo = m o 7
veg eFlg-K‘v’b_l_e—FlJ-K;" ’ ()

rae:

F"*¢ u F,’**— osMnupuyeckue (pyHKIHH, 3aBUCSIIHE OT KoaduiueHTa TypOyJIeHTHOro oOMeHa
BOJSIHBIM ITAPOM B ITPHITIOBEPXOCTHOM CJIOE aTMOC(EPBI U OT HHTEHCUBHOCTH TpolLecca
9BANOTPacHHUpalMH, KOTOpasi, B CBOI0 OYepe/lb, 3aBUCUT OT CYMMApPHOI0 NOTOKA COJIHEUHOH pagvallliy U

ot juctoBoro uagekca (LAl -Leaf Area Index):

LAI
F*“=-3.375-———+3.375
1 LAI s (8)

max
0.3

Frad vis LAI 02

~ rad vis A , 9
600 * || ’ | LAI ©

F)=min||min

rae :
Fis o — flux of visible solar radition on the surface (Watt m?),
LAI,..,— maximum value of Leaf Area Index in the used database.

Ilnst ompeneneHusi mapaMmeTpa, 3aBHCSIIEr0 OT BJIArocojAep:kaHhueM B KOPHEOOHTaeMOM CJioe
MOYBbI IPUBOJUTCST OMMCAHHUE KOHEYHO-PA3HOCTHOTO MPEACTABJICHHE O MPOCTPAHCTBEHHOW KOOpIUHATE,
UCIOJIb3YEMOH B MOJIEJIH.

[IpocTpaHCTBEHHONM KOOPIUHATOM SIBJISIETCSI T€OMETpHUECKasl JJIMHA (TJyOHHA), OTCUYET HUAET OT
MOBEPXHOCTH B IJ1yOb MouBbl. BepTHKasbHas KoopAHHaTa pa30MBaeTCs Ha LeJIble U MOJyLeJible YPOBHH,
BEPXHHH LIEJIBIA YPOBEHb UMEET HUHIEKC HOJIb, MOJIYLEJbIH YPOBEHb C TAKHM K€ UHIEKCOM HAXOOHUTCS
HaJl IIeJIBIM YPOBHEM, HHJIEKCHI YPOBHEH pacTyT ¢ ryOHHOMH (cM. pHC. 2).

...... kh=0 Soil surface

--J- Kh=1 half level
— k=1 full level

i > Root zone
=

=+ kroot | SR ’

-1 kh+l Soil body

= k+1

z L k=nlev_soil

Puc. 2. Cxema KOHEYHO-PAa3HOCTHOI'O NMPEACTABJICHHUA HpOCTpaHCTBCHHOﬁ KOOpPpAHHATHI B ITOYBEC.



BepxHsist yacTh MOYBEHHOM KOJIOHHBI MOKET ObITh KOpHeOOHTaema. [ ryOrHa KopHEOOHTaeMOM

3OHBI OIPEOCIIACTCSA KaK:
k

root

mot:kz_;) (Zkh+1_zkh ) (10)

rae z (m) - space coordinate in soil, k - index of full-level of space axis in soil, k., - index of the depest

root zone level.
k!oot

Z (Zkh+1 _Zkh)’F (qgel)

Z

A , (11)
veg
Zroot
. rel rel ref
1) lf qk qu
' qrel_qrel wilt
rety—| Hk k . rel wilt rel rel ref
Flq)= 2 if g ""<q<q" ™ | (12)
k Mk
. 1 1 wilt
0 if af<q
min wilt min ref min
rel_ Gk~ Gk rel wilt__ 9k —qk rel ref_ Ak —qk 13
k — max _ _min k - max _ _min ° Ay - max __ _min ? ( )
k4 Qy — 9k Qx — 9k

rie

g« and g ;"' — soil specific volumetric (m* m™) and relative (proportion) water content at level ,

g "™ — maximum soil specific volumetric at level k (m® m™),

g "™ — maximum soil specific volumetric at level k (m® m?),

g:"™" and g;"""" — soil specific volumetric (m* m™) and relative (proportion) water content at level k of
«wilting point», at this water content plants stop the evapotraspiration because of too dry soil ,

g " and ¢,"'" - soil specific volumetric (m® m™) and relative (proportion) water content at level k of
«reference point», at this water content plants stop the increasing of evapotraspiration because of mousa
JOCTATOYHO BJIAKHASI.

2.3 Temneparypa u BIaKHOCTb BO3[yXa HaJ YBJAXHEHHOH (MMOKPHITON KAIUISIMH) TOBEPXHOCTBIO
JIMCTBEB PACTUTEJBHOCTH

Temnepatypa (7,.,"””) paBHa TemmepaType caMoro BepxHero ypoBHsI MOYBbI (7). BraxkHOCTb
BO3/yXa paBHA BJIAXXKHOCTH HACBHINIEHHS TTPH JAaHHOW TEMIlepaType:
wet _ 14
qv veg_qv sat(Tsoil 0) ’ ( )
rae g, sa Tyoin) — saturation air specific humidity (kg kg™) at soil surface temperature Ty, (CM.
naparpacg 2.2).

2.4 Temniepatypa U BJIaKHOCTb BO3[yXa HaJl IOBEPXHOCTBIO CHEKHOTO MTOKPOBA

Temnepatypa (Tyuy smow) PaBHA TEMIIEPATYPE CaMOrO BepXHEro ypoBHs CHera (7y,u0). BraxHoCTb
BO3/lyXa paBHA BJIAXXHOCTH HACBILICHHUSI PH AAHHOU TeMIlepaType:

qv surf snow:qv sat(Tsnow 0) s (15)
rae ¢ sa Tonowo) — saturation air specific humidity (kg kg™) at snow cover surface temperature Ty,0.

water .
Tl if Tooo>T
q, = q‘;C:at( snow0 f 0 0 , (16)
qv sat(Tsnowo ) lf Tsnow0<T0




water

TIE Gy s ™ M q, ' - saturation air specific humidity (kg kg™) at snow cover surface temperature T,o.0
over liquid water and over ice.

2.5 TeMnepaTypa H BJIAXKHOCTb BO31yXa HalJl KOMIUIEKCHOM MOJCTHIIAIoNIEeH MOBEPXHOCTHIO

Hmest 3HaueHHsi TeMmepaTypbl M BJQKHOCTH BO3/1yXa HaJ BO3MOXHBIMH COCTaBJISIIOIIUMHU
KOMILUIEKCHOH MOJCTHIAIOIEN MOBEPXHOCTH H 3Hasl JOJIIO KaXJAOH COCTABJISIIOMIEH, MOKHO ONPENEIHTD
o6y temneparypy (7s.,s) ¥ BIaKHOCTb BO3AYXA (Gy surp)-

IIpy OTCYTCTBHM CHEXHOrO MOKPOBA WM IPH HAJIMYHH TOHKOI'O CHEKHOrO MOKPOBa (KpUTEPHH
CM. CXEMY CHera) TeMIeparypa noACTHIAKIIEH TOBEPXHOCTH paBHA CPEAHEH B3BEHICHHON TEMIlepaType
COCTABJISIIOIUX [TOBEPXHOCTH:

_ dry ~dry wet wet
Tsurf_Tsurf soil'Fbaresoil+Tveg'Fveg+Tveg'Fveg ’ (17)
B IIPOTHUBOIIOJIOKHOM CJIy4aH, T. €. I[IPH HAJIMUHUHU TOJICTOI'O CHECTra
Tsurf = Tsurf snow (18)

HpH OTCYTCTBHH CHEXKHOI'O IIOKpPOBA BJIAKHOCTb BO3OyXa Ha MOJCTHIAIONICH paBHa CpCI{HCﬁ
B3BEIICHHOM BJIA’KHOCTH COCTABJISTIOIIUH TNOBEPXHOCTH:

— dry dry wet wet
Ay surt=4y surf soiI'Fbaresoil+qv veg'Fveg+qv veg'Fveg s (19)
B ITPOTHUBOIIOJIOKHOM CJIy4aH, T. €. [IPpH HAJITHUYHH JII0O0r0 KOJIMUeCTBa CHera,
CIV surf:qv surf snow  * (20)

2.7 TIOTOK 9HTPOIHH MEX Iy NOACTUIAIEN TOBEPXHOCTBIO H aTMOC(epon

[ToTOK 9HTpPOIHWH, MOCTYNAOIUA HA KOMILUIEKCHYI0 MOACTHJIAIOUIYI0 MOBEPXHOCTh COCTOUT W3
TypOyJIEHTHOTO MPHTOKA SHTPOIHH CYXOro BO3MyXa, TypOYJEHTHOrO MPHTOKA SHTPOIHH BOISHOTO
rapa ¥ MPUTOKA SHTPOIIHH CYMMApHOH paJHalliH:

D g = Ps ot D5+ D5 Q1)
rae:
D ,,; — entropy flux on the surface (J K' m?s™),
Dy 1" n Dg " — entropy fluxes originating from turbulent entropy flux of dry air and of water vapour
JK'm?s?,
@ .. — entropy flux originating from summary radiation (J K m?s™).

[IOTOK OSHTpPOMNUH, CBSI3aHHBIA C TOTOKOM BOJbl (B XHUAKOW M KPHUCTAJUIMYECKOH (pa3ax)
aTMOC(EpPHBIX OCAJKOB, HE YUHTHIBAETCS, T. K. B CX€Me IMOUYBEHHOH SHTPOIMH HE YUHMTHIBAETCS TOTOK
SHTPOITUH, CBSI3aHHBIM C MOTOKOM MOYBEHHOH BOJIBL.

D
Dy 0a=

rad

T

®@,,s — flux of summary radiation (Watt m?).
TTOTOK SHTPOIMH CYXOro BO3[AyXa, ONpeAesieMbli TypOyIeHTHBIM OOMEHOM B HPHIIOBEPXOCTHOM

CJIOC MCKOY HO)ICTI/IJ'IaIOH.ICﬁ IMOBEPXHOCTHIO H HUKHHUM aTMOC(beprIM YPOBHEM OIIPEACIIACTCS TaK:
S -S
da sur da atm
= (23)

a surf >
VA
atm

(22)

turb __ prturb
D K, "0

o surf
rue:
K" — coefficient of heat exchange in the surface layer (m?* s™),
Dusur— air density at the surface (kg m™),



Zam— height of the atmosphere bottom level (m).

Saasurt A Saaam - Specific entropy of dry air on the surface and at the bottom atmosphere level (J kg' K™).
DHTPOMHS CYXOro BO3AyXa ONpeaessieTCsl COOTHOMIEHHEM:

P,

P

Sa- specific entropy of dry air (J kg K™,
qa — specific mass of dry air (kg kg™),
T — temperature (K),
P, — partial pressure of dry air (Pa),
T,=273.15 (K) — reference temperature,
Py=10° (Pa) — reference pressure,
C,’=1004.6 (J kg' K") — specific heat capacity of dry air at constant pressure,
R=287.05 (J kg' K') — gas constant of dry air.
Ilist ompenesieHHus] COCTABJISIIOIIAX SHTPONHH CYXOrO BO3AyXa HAa TMOBEPXHOCTH M HA HHXKHEM
ypoBHe aTMocdepbl HCIOIb3YIOTCS HW3BECTHbIE 3HAUCHHS TEMIIEpaTypbl, BJIAKHOCTH BO3AyXa H
JABJICHHUS] 1 COOTHONICHHSI:

Su=,|CiIn Tl “R,In (24)

0 0

qda surf =1 _qv surf o (25)
qda atm: 1 _qv atm (26)
Pd surf:Psurf_esurf s (27)
Pd atm: Patm_ eatm ’ (28)

Gaa surf A G da am - dry air specific mass on the surface and at the bottom atmosphere level (kg kg™),
Pygus¥ Pyam— partial pressure of dry air on the surface and at the bottom atmosphere level (Pa),
€ quf ¥ e, — partial pressure of water vapour on the surface and at the bottom atmosphere level (Pa).

[ToTOK SHTPONHMH BOJSHOIO Mapa, OIpenessieMbli TypOyJEHTHBIM OOMEHOM B CJIO€ MEXKIY

MOACTHUJIAOmEH MOBEPXHOCTHIO H HHKHUM aTMOC(beprIM YPOBHEM OIPEACIISACTCA TaK:

ur ur SV sur] _SV atm
D =K p, ‘ (29)

a ’
atm

rue:
Sda surf B Saa am - Specific entropy of water vapour on the surface and at the bottom atmosphere level (J
kg' K™).
L
+?0 : (30)
S, - specific entropy of water vapour(J kg™ K™),
q, — air specific humidity (kg kg™),
e — partial pressure of water vapour (Pa),
e,=0611 (Pa) — reference partial pressure of water vapour,
C,'=1869.46 (J kg K') — specific heat capacity of water vapour at constant pressure,
R,=461.51 (J kg K') — gas constant of water vapour,
L'=2834170.5 (J kg'") — specific heat of phase translation ice-vapour.

Bce HeoOxoauMble napaMeTpsl ObUIM OMpeesieHbl BbIlle, HCIIOJIb3Y sl UX ONpPeAesioTCS SHTPOITUH
BOJSTHOTO Mapa Ha TIOBEPXHOCTH U HA HUKHEM aTMOC(EepHOM YpOBHE U TypOYyJIEHTHBIH OTOK BOJSIHOTO
napa.

OnpenenéHHpll  TakuM 00pa3oOM CyMMapHbIH IOTOK SHTPOMHHM MEXKAY MOACTHIIAIIEH
MOBEPXHOCTbIO U atMocdepor (PDs ) HOOMKEH OBITh pacrpefeNéH MekKIy COCTaBJISIOUIHUMH

e

S,=q, Ciln(Tl

0 €

)—van




KOMILJIEKCHOH MOJACTUJIAIONEH MOBEPXHOCTH [IJIsl TOrO, YTOObI OMpEAESUTb TPAaHHUHOE YCJIOBHE IJIsl
MIPOrHOCTHYECKOTO YPaBHEHHSI BIaroCOAEPKAHUS KaKIOH U3 Cpejl, HaXOISIMEeHCsl Mo KaxI0W U3 THIIOB
noBepxHocTer. [loacTunammmasi MOBEPXHOCTh MOXET ObITh JIMOO TOUBOH, MOKPBITOH HHU3KOH
PACTHTEJIBHOCTBIO, JTUOO CHEXHBIM MOKPOBOM, KOTOPBIH, B CBOIO OUEpe/lb, MOKET OBITh TOJCTBHIM HJIH
TOHKHUM (cM. maparpad 2.1). C TOukH 3peHHst oOMeHa SHTPOIHEH (9HEepruer) HU3Kasi paCTHUTEbHOCTD
SIBJISIETCSl «IIPO3pauHbIM CJIOEM», T.€. HE HMeEeT COOCTBEHHOH TeMIlepaTypa, a BXOOUT B COCTaB
MOBEPXHOCTH TOUBBI, TO9TOMY C TOYKH 3pPEHHsI MOTOKOB SHTPONHH OHA HE YYHUThIBaeTCs. Takum
00pa3oM MOT'yT peajii30BaThCs J1Ba CIyyYasl.

IlepBbIft Ciyyal: CHEXHOrO IOKPOBAa HET WJIM OH TOHKHMH. B 9TOM Ciyuan Bce COCTaBIISIIOLIME
NOTOKA MOJHOCTBIO MOCTYMAIOT Ha MOBEPXHOCTb MOYBBI C HU3KOH PacTHTEJIbHOCTBIO, & HAa MIOBEPXHOCTh
CHera He MOCTYyMNaeT HUKAKOro MoTOKa:

D = Ps urp -

snow __
¢S surf —

Bropoit ciayuaii: CHEXXHBIH MOKPOB €CTh U OH TOJICTHIH. Toraa HaoO0OpOT, BEChb MOTOK SHTPOIHH
[IONAJAET HA IOBEPHOCTh CHETA, & HA IOBEPXHOCTD ITOUBBI HE MOMNAJAET HUYETO:
soil
@S surf — 0 ’

snow __
¢S surf — *°S surf
2.9 TIoToK BOASIHOTO Napa MeX1y MOACTHJIAIEH MOBEPXHOCTBIO H aTMOC(hEpOr

[ToToK BOJSIHOrO TMapa, BO3HHUKAIOIHNK MO JeHCTBHEM Mpolecca TypOyJIeHTHOro oOMeHa MexX Iy
MOJCTUJIAIONIEH MOBEPXHOCTBIO U aTMOC(epoH, onpeaesisieTcst Tak:

¢t5rb :K‘t/urb. ) Surf' qv Sur;athV atm , (31)
rie:
@,"" - flux of water vapour in the atmosphere surface layer (kg m?s™).

DTOT CyMMAapHbIii MOTOK TypOYJEHTHOro OOMEHa MEXAy TMOACTHIAINIEH MOBEPXHOCTBIO H
atMocdepoit 0JKeH ObITh PACTIPEIEEH MEKLY COCTABIISIONIAMHU MOICTHIAIOMIEN TIOBEPXHOCTH.

[Ipu OTCYTCTBHH CHEXHOTO MOKPOBA OOMEH BOISHBIM MAPOM TPOUCXOIUT MEXKIY aTMOC(hEPOH H
TIOYBOM MOKPBITOM PaCTHUTENLHOCTb, KOTOPasi MOKET ObITh YACTHUHO CMOYEHA. BOBMOJKHBI 1Ba CiIyydasi.
B mepoBoM cilyyae MOTOK TIOJOKHTENIEH, HAMpABJIEH BHHU3, TOrAa MPOHCXOJHUT KOHIEHCAIHs
(cy6amManust) BOASHOTO Mapa Ha MOBEPXHOCTH, BO BTOPOM CJyyae MOTOK OTPHIATENIEH, HAMpABJIEH
BBEpX, TOra MPOUCXOAMUT HCIIapEHHE (BO3TOHKA) C IOBEPXHOCTH.

EcJiv OTOK HAMpaBJjieH BHU3, OH YACTHYHO IMOMAJAET Ha TIOBEPXHOCTH TOJION MOYBBI, YACTHYHO HA
MIOBEPXHOCTb ~ PACTHUTEJILHOCTH, TPH 9TOM HE YBJIAKHEHHAS [IOBEPXHOCTb JIHCTHEB HH3KOM
PACTHTEJBHOCTH B JIAHHOM CJIydae «He paboTaeT», T. €. HE MOXET MCIApSTh, IOSTOMY TYpPOYJIEHTHBIHA
MOTOK BOJSIHOTO Mapa Ha 9TOM MOBEPXHOCTH paBEH HYJIO, a YBJAKHEHHAS TOBEPXHOCTb JIHCTHEB
HM3KOM PACTHTEJBbHOCTH B JaHHOM CJlyyae NMPHHMMAET Ha ceOsl BCIO OO MOTOKA HaJl MOBEPXHOCTHIO
PACTHTEJBHOCTBIO, 9TOM TIOTOK BOASHOIO Mapa MAET Ha 0OPa30BaHHE POCHI HA JIHCThSAX 10 JOCTHKEHHS
MaKCHMAJIbHO BO3MOJKHOTO 3HAUEHHSI BJIATOCOIEPIKAHHS JIACTHEB.

\I/Jrfoil: cD\[/urb'(l_l:"veg) 4 (32)
\tlr\b/eg dry: 2 (33)
¢turb —min ¢furb,F M , (34)

v veg wet v veg? At



@, - flux of water vapour in the atmosphere surface layer toward bare soil (kg m?s™),

div’“’bveg ay 1 D, ’”’bveg wer - Tluxes of water vapour in the atmosphere surface layer toward not moisten and
moisten vegetation (kg m?s™),

G veg M Qo veg™ - Water content of plant leafs and its maximum value (kg m?),

At— time step (s).

Ecnu moTok BOASIHOrO mapa HampaBjieH BBEPX, TO OH YaCTHYHO 3a0HpaeT BOAY C MOBEPXHOCTH
TOJIOH TOUBBI, YACTHYHO 3a0HpaeT BOIY M3 TMOUYBHI Uepe3 pPaCTUTEIbHOCTH MyTEM 9BANOTPAUPALNH H
YaCTHYHO MYTEM HCHApeHHsl BOMAbL, OTJOXEHHOHW Ha JHUCThsAX. [IpU OTCYTCTBHH YCJIOBHHM s
9BAINOTPACTIHPAIMU (CM. CXEMY PACTHTEJIbHOCTH) 3a00p BOABI Uepe3 PacTHUTEJIbHOCTh HE BO3MOKEH H
9TO KOMIIGHCHPYETCSl 32 CUé€T 3a0opa BOIBI W3 TOUBBI, a UCMAPEHHE OTJIOKEHHOH HA JIUCThSIX BOIBI
MPOUCXOUT TOJIBKO TMOKa 9Ta BOAA MPUCYTCTBYET.

b di . . . .
wv | @), Foe, if evapotraspiration possible (35)
v veg dry™ . . . .
0, if evapotraspiration not possible
turb _ turb wet _qw veg
¢v veg wet — 1MaAX ¢v ‘Fveg’ At ’ (36)
turb __  gturb turb turb
gpv soil — @v TN veg dry” ¢v veg wet ° (37)

[Ipy HaTMUWK CHEXHOTO MOKPOBA MOTOK TMapa MexXAay aTMOCGEpOHr U roJou MOYBOH U
PaCTUTEJIBHOCTBIO OTCYTCTBYIOT, a BECh IIOTOK HarpasJjeH OT (WIH K) CHE)KHOMY MOKPOBY:

urb _ @f/urb , (3 8)

vV snow

rae @,"",,,, - flux of water vapour in the atmosphere surface layer toward snow cover (kg m?s™).
2.10 IToTtok aTMOCepHbIX OCAIKOB Ha MOACTUJIAIONYIO TOBEPXHOCTh

W3 armocdepa Ha KOMIUIEKCHYIO MOJACTHJIAIONIYIO MOBEPXHOCTh BBHINAZAIOT kHAKHe (D,) u
TBEpAble (D) OCalmKH, HMX MOTOK (MHTEHCHBHOCTbH), OINpPEAENSIOTCS aTMOCHEPHOH MOIEIbIO.
[IpuHuMalOTCS  cleaylollde THIOTE3bl O pPACHpeiesieHHH 9THX [MOTOKOB IO  COCTaBJISIIOMIAM
NOACTHJIAIONIEH TOBEPXHOCTH.

Ecau cHeXHbI MOKPOB OTCYTCTBYET, TO KHMIKHE OCAJKH PACMIPENEISIOTCS MO COCTaBJISIONIMM
MOBEPXHOCTH C UX JOJISIMH, TIPU 9TOM JAOJIsI JTUCThEB paBHA CYMMe HX YBJIQXXHEHHOH W HE YBJIA)KHEHHOH
YaCTH, a U30BITOK TOTO, UTO MOKET YIAEPKAThCS HA JIUCThSIX MalaeT Ha TOJYIO MIOYBY:

@ g =min| D, e (39)
dvl;/q soil — cpl\qu - (pl‘qu veg (40)
@, 0, =0 (41)

rae @, @, D, D, ,,, - fluxes of atmospere precipitation in liquid phase on the surface, on
soil surface, on vegetation, and on snow cover surface, (kg m?s™).

EC/ii CHEXHBIM MOKPOB MPUCYTCTBYET, TO BCE KHIKHE OCAIKH HAMPABJISIOTCS HA TOBEPXHOCTD
CHera:

djl\i/q soil — d)&q veg: 0 ’ (42)
B, o= D (43)

TBEpAblE OCAIKH HAIMPABJISIIOTCS TOJBKO Ha MOBEPXHOCTh CHEra (PeasibHyI0 WM YCJIOBHYIO, €CJIH
e€ elE HeT U OHA HAUMHAeT (pOpPMHUPOBATHCS):
ice _ _yice
@w snow @w ’ (44)
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B =P =0 - (45)
rae D, Do D soit, P“\eq - fluxes of atmospere precipitation in solid phase on the surface, on
the snow cover surface, on soil urface, on vegetation (kg m?s™).

Cxema MpoLECCOB Ha MOJCTHJIAIOIEH MOBEPXHOCTH ONpeNesisieT yCJIOBUSI Ha BepXHEH IpaHule
KOJIOHBI TIOUBBI IIPH OTCYTCTBHH CHEKHOT'O MOKPOBA MJIM HAa BEPXHEH TPaHMIIbI KOJIOHBI CHEra IpH ero
NPUCYTCTBHH. ['paHHUHBIE YCJIOBHSI 3a4aI0TCSI TIOTOKAMH SHTPOMHH U BOMABI, KOTOPBIH MOXET COCTOSITH
U3 MOTOKAa BOISIHOIO Mapa MJIM OCAJKOB. A TakKe, cXema onpefesiseT TeMIepaTypy M BJIaKHOCTb

BO3J1yXa KOMITJIEKCHOH TOJCTHJIAIONIEH MOBEPXHOCTH.
3 Scheme of vegetation processes

B cxeme pacTHUTENbHOCTH MpEACTaBJICHBI IBa NMPOLECca: 9BANOTPACHHPALMS U YIEPKAHUE BOIbI
Ha JIMCThSIX PaCTEHHH.

PaccmoTpum  mpeactaBieHde  mpouecca  9BamnoTpacnvpanud. B mpegpigymen  riaee
paccCMaTpHBAJIMCh TOTOKH BOASHOTO Mapa MeXAy TMOACTHIAIIEH TMOBEPXHOCThIO C HHXKHHM
aTMOC(epHbIM ypOBHEM OBl OompeneséH MOTOK BOJSHOTO Mapa H3-3a BO3MOXKHOH 9BaroTpaclHpaIfu
PaCTUTEJILHOCTH ((DV’”"’Wg ary, 33, 35). B [aHHOHW rjaBe ONpENENsIIOTCS YCJIOBHS, INPH KOTOPBIX
9BaNOTpacHUpalysi BO3MOKHA, a TaKKe OIpeAesisieTCsl W3MEHEHHE BJIarocolIepKaHhsl TOUBbI H3-3a
9BaIOTPaCIHUPALHH.

DBanoTpacnupanus BO3MOXKHA, €CJIH BbIIOJIHEHBI CJIEAYIOMHE YCIOBHUS:

1) Ha Bcex YpOBHSIX KOPHEOOUTAeMOH 30HbBI B TOUBBI TEMIIEpATypa BbILIE HYJIS;

2) ynenbHasl BJQXHOCTb BO3[yXa HACHINEHUS] MPH TeMIEpaType MOJACTHIAIOMEHR MOBEPXHOCTH
BbIIIE YIEJIbHOM BJIAXHOCTH BO3[yXa HAa HHKHEM aTMOC(EPHOM YpOBHE, T.e. MOTOK BOJASIHOIO Mapa
MOKET ObITb HAalpaBJIeH BBEPX;

3) mpucyTCcTBYeT JUCTBA, T.e. Leaf Area Index (LAI) He HyJIeBOH;

4) BO3MOXk€eH (POTOCHHTE3, T.€ MOTOK BUAMMOH COJIHEUHOH paJHalliH HE HYJIEBOM.

[ToTOK BOASIHOrO mapa H3-3a 9BaNOTPACIHPALMU C HE YBJIAXHEHHOH MOBEPXHOCTH JIMCTHEB (D,
veg dry» CM. TIAparpadg 2.9) 3abupaet Boay U3 KOpHEOOUTAEMOM 30HBI IOUBBI, ITPH 9TOM KaXk bl YPOBEHb
KOpPHEOOHUTaeMOH 30HBI TepsieT BJIArOCOJEPKaHHE MPOIMOPIHOHAIBHO €ro BKJIAAy B OMNpeleseHHe
NOTOKa 9BanoTpacnupauud. B maparpage 2.3 Obul0 MpeacTaBieHO Kak OINpeaesseTcsl BIaKHOCTh
BO3[lyXa HaJl HE YBJIAKHEHHOM TMOBEPXHOCTBHIO PACTUTENIBHOCTH B 3aBUCUMOCTH OT HMHTEHCHUBHOCTH
aparnoTpacnupanuu (6, 11), a Takxe Obula peACTaBlIeHA CXeMa KOHEUHO-Pa3HOCTHOTO MpeCTaBJICHHS
MIPOCTPAHCTBEHHOM KOOPAHHATHI B OUBE (pHC. 2).

Torpma moisist (BKJag) KaXJOro W3 YPOBHEH KOPHEOOHWTAaeMOH 30HBI B OOIIHH MOTOK BOIBI M3-3a
9BANOTPaCHHPALH PABEH:

turb

_(Zkh+1_zkh)'F(q;d)

F,= (40)
Z root
H U3MCHCHHEC BJIArOCOOCPKAHUS KaKOOT0 YPOBHS U3-3a 3BANOTpACIIUPALlUHN:
At__ 0 turb A t
qk _qk+¢v veg dry.Fk' ’ (47)

PW'(Zkh+1_Zkh
0. - liquid water density(kg m™).
[lepelinéM K mpeACTaBJICHUIO Mpolecca yAep:KaHWs BOIbl Ha JIUCTbsIX pacTeHud. Copaep:kaHue
BOIbl HA JIMCThSIX HHU3KOW PACTHUTEJBHOCTH OMNpenessieTcsi TypOyJeHTHBIM MOTOKOM BOJISHOTO Tapa
MEK]1y TOBEPXHOCTBIO JUCTHEB H HUKHUM aTMOC(EpHbIM YPOBHEM (D, " q er), IPH KOTOPOM MOJKET
MIPOUCXOJIUTh UCTIapeHHe (BO3rOHKA) 9TOM BOMAbI WK €€ KOHAEeHcalus (CyOauManus), a Takxe MOTOKOM
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aTMOC(PepHBIX OCAIKOB B JKHAKOH (pase Ha MOBEPXHOCTb paCTHTENbHOCTH (&,,,). Tlostomy
MPOTHOCTUYECKOE YpaBHEHHUE IJIsl BObI, YAEPKAHHOHN JIUCTHSIMH, MOKHO 3alIMCATh B BUJIE:

min[ql, o+ BT L+ AL @] 0] (48)

qatveg:maxlmin v veg wet w veg veg
qA’W veg u 4" v — Water content of plant leafs at begining and end of time step (kg m™), a ocTajbHble
TiepeMeHHbIe ornpeaesieHbl B naparpadgax 2.9 u 2.10.
Bopa, ynepxkaHHas JHUCTbSIMH PACTHTEIBHOCTH, MOJKET TOKPbIBATh JIbCTbSI YAaCTHUHO WJIH
MIOJTHOCTBIO, KaK ObLJIO yKa3aHo B maparpade 2.1, T. e. ObUI0 BBEACHO MOHSITHE 0JIM YBJIAXXHEHHON YaCTH

JUCTBEB (F. /™). DTa 0o ONPEneNIeTcsl JUArHOCTHUECKHM COOTHOIIEHHEM:
2/3

Fveg _ qw veg (49)

leaf wet™ | _max )

w veg
rae creneHb 2/3 3amaércsi B COOTBETCTBHM C COOTHOIIEHHE IUIOMAAM CEUeHHs1 O o0BbEMa Kamesb
ceprueckon popMbl.

Cxema MpoLeccoB paCTUTEIbHOCTH ONpEAEssieT U3MEHEHHE BJIarocoAep:KaHue KOpHeoOHTaeMoH
30HBI TOYBBI M3-32 9BANOTPACIHpALUM U KOJIMUECTBA BOIBI, YAEPKHBAEMOM JIMCTbSIMHU PACTEHHH, a
TaKKe 3aJa€T JUarHOCTHUECKOE ONpeesieHHe JOJH YBIaKHEHHON MOBEPXHOCTH JIHCTHEB.

4 Scheme of water exchange processes in the soil

OcHOBHOE ypaBHEHHE, OINMUCHIBAIOIIEE OBHKEHHE BOIBl MO IOYBEHHOMY MPOGUII0 — 9TO
caencteue 3akoHa Hapcu (Darcy's law):
_—Q
®="2Vp (50)

rne @, — rate of fluid (ms™), VP- pressure gradient (Pa m™), u — Fluid viscosity (Pa s), £ - sectional
area (m?).
B npumeneHHu K nepeHocy noYBeHHOH BOJBI 3aKOH [JapcH MpHUHUMAeT BUI:

WS%—';U:KVZ -G | (51)
rae ¥ — hydraulic head, or hydraulic potential (m), W, — water specific storage (m’m™) equal ration
of drained water volume to total materal volume, or maximum specific volumetric water content, K -
hydraulic conductivity (m s™'), G — water source terms (m’m~s™), r — time (s).

B npeanosnioxkeHuu, yTO UICTOUYHUKOB BOABI HET M UTO PACCMATPHBAETCSI TOJIBKO BEPTHKAJIbHAS
KOOpAHMHATA, ypaBHEHHE MPHHUMAET BU/I;
w Q¥ _ oW
* ot oz’
B npuBBIUHOM  «MOUBEHHOM» TEPMHHOJOTMH 9STO OCHOBHOE MPOTHOCTHYECKOE ISl
BJIArOCOJEP KaHUsl YPABHEHHE BBITJISIIUT TaK:

(52)

¢W
o ow o (53)
ot 0z
D
rue p—;V:K %—l‘zy , @, — soil water flux (kg m?>s"), gue — maximum specific volumetric

water content (m’m™), T. e. cilydal, KOraa BCe MOPbI IIOUBbI 3aII0JIHEHBI BOJOM, 9TOT MAPAMETP 3aBHCHT
OT TEKCTYpbl MOYBbH U MEHSIETCSI BIIOJIb MPO(Usl B 3aBUCHMOCTH OT TOUYBEHHOTO TOpH30HTA (soil
horizon).

JlaHHOE ypaBHEHHE OMEePHPYET THAPABIHUECKHAM MOTEHIIMATIOM TOUBbI, B TO BpeMsl KaK OCHOBHBIM
MPOTHOCTHYECKHM IMapaMeTpOM BJIArOCOJepKaHHs TIOUBHI SIBJIIETCSI ¢ — oOInee yuebHoe 00bEMHOE
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BJIArOCOIEPKaHue TOYBbl (M’m™), MO3TOMy HEOOXOAUMO BbIpasuTh ¥ uepes g.
Hcnonbsyss meton Clapp and Hornberger (1978) u BBoAsSI mpeacTaBieHHe O NMOYBEHHOM Biare

YaCTHYHO 3&Mép3]l[6ﬁ, npeacTaBum I‘I/I)lpaBJ'II/IIICCKI/Iﬁ IIOTEHIHAJI KaK:
b

qmax
'I/: lI/ soi ’ (54)
! Q<1_f icel)
¥, — hydraulic potential of saturated soil (when g¢=¢...), b — empirical parameter names «soil

exponent», 00a 9TH MapaMeTpa 3aBHCHT OT TEKCTYpbl TMOUBBl M MEHSIETCS BHOJb MpOodHiIs B
3aBHCHMOCTH OT IOUYBEHHOrO TOopusoHTa (soil horizon), fi.,"”— fraction of frosen water in total soil
water. 3aMmeTHM, uTo popmyJia (54) MOKET ObITh HCIOJIB30BAHA TOJNBKO MPH fi'"'<1, T. K. TIPH MOJHOM
3aMep3aHUH BOJbI THIPABJIHUSCKUH MMOTEHIIHAJI CTAHOBUTCSI OECKOHEUHO OOJIBITHM, HUKAKOE JIBHXKEHHE
BOJIbl HEBO3MOKHO.

BaxHbpiM KOMIOHEHTOM YypaBHeHHs1 (53) sBiseTCsl THApPABIMYECKasl MPOBOAUMOCTb TOYBBI,
KOTOpasi 3aBUCHUT OT BJIAXKHOCTH TOUYBHI U OT e€ ¢pusndyeckux cBorcTB. Mcnosbsys meton Clapp and
Hornberger (1978) u nonoJHsist ero st ciayyasi YaCTHUHO 3aMEp3iied NMOUBEHHOH BJIard, 3aBUCUMOCTD
T'UIpPABIHUECKAs] IPOBOJUMOCTD 3aBUCHUT OT BJIA)KHOCTH MOYBBI UMEET BHL:

q _ ffoil q 2b+3
K=K\ —5i—| (55)
Amax— f ice 4
K, — hydraulic conductivity of saturated soil (when g=g,u4), 3aBUCHT OT TEKCTYpBbI IOUBbI U MEHSIETCSI
BII0JIb TPOHUJISL B 3aBUCHMOCTH OT MOUBEHHOI'0 ropu3oHTa (soil horizon).

Ecnu noactaButh BbipakeHue (54) B ypaBHeHHe (53) B MPEANoJIOKEHHH, YTO IOJs 3aMEp3IEr
BONBl HE MeHsieTCsi B XOJEe ONHCHIBAEMOTO mpolecca, T.e. Of/0t=0 , To TOJIydYHM
MPOrHOCTHYECKOE YPaBHEHHS OTHOCHTEJbHO IMEPEMEHHOH ¢, OMHUCHIBAIOIIEE NBHKEHHE BOJABI BIOJIb

MOYBEHHOT'O MPOHUIIS:
D

w

O

q_ 0z . (56)
at _qmax. 'I/ 'b' qulX
g soil

q q (1 - f ice )

B KOHEUYHO-Pa3HOCTHOM NPEJCTABJIEHHH (CM. PHUC.2) IPHU IPUMEHEHHUH SIBHOH allpOKCHMALUH 1JISI

NPEICTABJIEHHUS] WIEHOB, ONMCHIBAIONMIMX NOTOKH BOJbl U IPOCTPAHCTBEHHBIE IPOM3BOIHbIE IEPEMEHHOH,
ypaBHeHHe (56) NpUHUMAET BHUI:

0 0

0 Dy khvi _ Dy iy

At
qk _qk: pw pw

0

o)}

At Zkhe1 ~ Zi qmax qmax - (57)
1o 'lpg'b' 0 soil 0
qx qk(l_ficek>
D, -,
p. KT, (58)

BEpXHHE HUHACKCH «0» U «At» 0003HAUAIOT 3HAUCHHE MEPEMEHHBIX B Hauajie W KOHIIE Iara 1o BpeMeHH,
HWKHHE HHOCKCHI «k» W «kh» OO0O3HAuUalOT 3HAYEHHS] TEPEMEHHbIX Ha IEeJbIX M TOJYUEJbIX
BEPTHKAJIbHBIX YPOBHSIX.
3HaveHus1 NepeMEeHHBIX Ha MOJYLEJbIX YPOBHSIX PACCUMThIBAEM KaK cpeiHee apU(pMeTHUYeCKoe:
1

th:E(xk—1+Xk)
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B ciyuae eciu Bcs MOYBEHHAS BOJA 3aMEP3Na fi.'”'=1, THIpaBIMUECKUH MOTEHIUA CTPEMHTCS K
OECKOHEUHOCTH, TOTIa MPOCTO CYATAETCS, UYTO MOTOK BOIBI PaBEH HYJIIO:
€CIH ficer=1 WIH fie r1=1, TO @,;=0.

5 Scheme of thermal exchange processes in the soil

Kak Ob10 ykasaHO B rjase 2, BEJMUHHOH, ONMCBHIBAIOIIEH TEIJIOBOE COCTOSIHME Cpelibl B JaHHOH
MOJIEJIH, TIPUHATA SHTponHs. Mcnonb3oBaHue 9TOH BEJIMYHMHBI MO3BOJISIET B yIOOHOH MaTeMaTHUECKOH
(popme onmceiBaTh (pa3oBble MEPEXObl MOYBEHHOHW BOJIbI, MPH 9TOM C TOUYKH 3pPEHHS] ONHCAHHUS
NIEPEHOCOB TeIlJla He OTJIMYAETCs OT JI0OOH Opyro TepMOJHHAMHUYECKOH BeJIMUMHBL. B JaHHOH Monenn
NpejaracTcss NPUMEHSITb METOJ PaCUICIUICHHs IPH PEIIEHHH INPOrHOCTHUECKOTO YPaBHEHHH IS
SHTPOIMHMHU: OTIEJIbHO pelaTh yYpaBHEHHWE KOHOYKTHBHOIO NEPEHOCA SHTPOINHM BJIAXXHOHW MOYBBI O€3
yU€Ta NepeHoca SHTPOIHH, CBSI3AHHOM C ITOTOKOM BOJIbl, U YPABHEHHE COXPAHEHHS! SHTPOIIMHU BJIAKHOH
MIOYBBI NMPH (pa30BBIX MEPEXOAax MOUYBEHHOW Biylarv. Pacmieruienne pemeHust M OTKa3 OT y4éra MOoTOKa
SHTPOIHH, CBSI3AHHOTO C MOTOKOM IMOYBEHHOW BOJbI, ObLIM CAEJlaHbl Ha OCHOBE OMNbITa YHUCJIEHHOTO
pelieHnst AaHHOHW mpoOsembl. Ilpu NpUMEHEHHHM pasMuHbIX (C TOUKHM 3pEHHsl aNNpOKCHMAlUH
MPOM3BOAHBIX IO BPEMEHH W MPOCTPAHCTBY) UHMCJEHHBIX METOJOB ObUIM OOHApYXkKeHbl MpoOJeMBl,
CBSI3aHHBIE C TEM, UTO MaJlble YUCJIEHHbIE MOTPEMIHOCTH (MaJjasi pasHULa OOJIBIIMX BEJIUYHH) MPHUBOIHIN
K TaKOH HEYyCTOHUMBOCTH UHCJIEHHOTO pELIEHHs], KOTOpoe He OblI0 NMPHEMJIEMO C TOUYKH 3pEHHSsI
(pusHuecKOro cMbicia, T. €. MAaTEMAaTHUYECKOE PENIEHHE HaXOOHJIOCh, HO OHO HHOTJa (ITPH ONpEeIEHHBIX
0OCTOSITENIbCTBAX ) HE COOTBETCTBOBAJIO 3aJI0KEHHBIM (PU3MYECKHM THIIOTE3AM.

PaCCMOTpI/IM CHauaJila MEpBYIO YaCTb 3agauyd — KOHHYKTHBHbIﬁ TNMEPEHOC SHTPOIIHH BJIAXKHOH
ITOUBBL. DTOT mpouecC ONUCHIBACTCA YPABHCHUEM HHCbe)/(SI’IH, IPUHATOM B CJICAYIOIIEM BHUIC:
65soil — a CDS soil , (59)
ot oz

rae S,y —soil entropy (J K'm™), @, - soil entropy flux (J K' m?s™).
OHTpONHsl BJIAXHOW MOYBHl (MOUYBBI, coAepXkamed BOLY), SIBAsSETCS (PyHKUHEH YyAeJbHOH
SHTPOIHH MOYBBIL:
_ spec
Ssoil = Psoil Ssoil ’ (60)
T

spec __
Ssoil - C'soil h] ? )
0

(61)
rae:
S,0ii"* - specific entropy of humid soil (J kg"' K™), p.i- density of humid soil (kg m™), C,, - specific
heat capacity of humid soil (J kg"' K') , T — temneparypa nouss (K).
[TOTOK KOHIYKTHBHOTO MEPEHOCA SHTPOIHH OTIPENIeNSIeTCs KakK:
_ A’soil as_zzflc (62)
soil — CSO” a 7 ’
Ao — specific heat conductivity of humid soil (J s m™ K™).

C TepMOJIMHAMHUYECKOH TOUKH 3pPEHHSs BJIa)KHAs OUBA BKJIIOYAET JIBA KOMIIOHEHTA: CyXYIO MOYBY,
KOTOpasi He mojaBepraercs ¢a3oBbIM MepexoaM, U BoAy, KOTopasi moaBepraeTcst (a3oBbIM Mepexoaam
U MOXET ObITh MpeCTaBJIeHA YaCTHYHO JKHIKOW BOJOW M YACTHYHO JIbJIOM (MapooOpasHasi ¢a3a BOJbl B
nouse He paccmaTpuBaeTcs). [loaTomy BBOOSATCS CleAyIOmMe TMPEANnoJOKeHHsI O (PHUIHUECKUX
napamMeTpax BJIasKHOH MOUBBI:

P =P+ q|(1=FNp 420, (63)
Co=CP+ql(1-f2NC, +f2'C,) | (64)

soil — ice ice

2
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Poi™ — density of dry soil (kg m™), C,,;*> — specific heat capacity of dry soil (J kg' K'), o6e
BEJIMUMHBI 3aBHCSIT OT CBOHCTB TMOUYBHI (TEKCTYPbI) U MEHSIIOTCS 10 BepTHKaM, O, and pO, - density of
liquid water (1000 kg m™) and ice (900 kg m™), C, and C; - specific heat capacity of liquid water
(4186.8 J kg K') and ice (2093.4 J kg K'), g — soil specific volumetric water content (m® m~) and
fie""" — fraction of frosen water in total soil water, the same in previous capters.

OrnpepesieHHe yaeJbHOH TEeIJIONPOBOJHOCTH BJIAKHOW IMOYBBI MPENCTABJSIET COOOH OTHEJbHYIO
HeOaHaybHY0 3a7auy. OCHOBHBIM (PaKTOPOM, OMpPEAesSIONMM 3TOH BEJHWUHHY, SIBJISETCS! BIAKHOCTh
(comepxkanue Boabl) TMOuBbl. CylecTBYI0 pa3iHUuHble TMOAXOAbl M 33JaHHe 3aBHCHUMOCTH
TETUIONPOBOTHOCTH TIOUBBI OT HEE BJIAXKHOCTH, HANlpUMeEp, uepe3 ruapaBirueckuil noreHnuan (Pielke,
2013), unu yepe3 OTHOCUTENbHYIO BJIAXKHOCTb U TETJIONPOBOAHOCTb CyXOH U HACBIILIEHHON BJ1arod MOYBbI
(Peters-Lidard et al., 1998, Best at al., 2011). B manHo# paboTe mpemyiaraeTcs emé OAWH BapUaHT
OTpeeJIEHUsI: Uepe3 OTHOCUTEJIbHYIO BJIaKHOCTb U TUIOTHOCTb CYXOH MOUBBI:

pdr)f '
ol 3.0+q- A, 3.0] , (65)

ice

Lot \[q0.3- Lo
1000 1000

g™ - soil relative water content, as (13), A; - specific heat conductivity of ice (2.0 J s' m' K™).

IlaHHOe ompenefeHHe U 3HAUEHUS] KOA(P(HUUHUEHTOB ObUIM BbIPAOOTaHBI B XOJ€ UHCJIEHHBIX
9KCIIEPUMEHTOB W OIIEHKH TeMIlepaTypbl BO3[yXa, MpeAcTaBlieHHble B TyaBe 9. OrmnpepesieHue 3TOH
BEJIMUMHBl CYIIECTBEHHO BJHSET Ha CHMYJSIHIO TOBEPXOCTHOM TeMIlepaTypbl, OCOOEHHO Ha
MaKCHUMaJIbHble W MHHHMAJIbHblE CYTOUHbIE 3HAUEHHsI, aMIUIUTYIy CYTOUYHOTO Xo0Ja OCOOEHHO B
CUTYaIHSIX CTaOWJIBHOTO MOTPAHUYHOTO CJIOsl. DKCIEPUMEHTHI TIOKa3aJId, YTO SMIHpHUEcKasi popmyia
NIPUTOJIHA [ISl Pa3JIMUHBIX THUIIOB MOUBBI, BCTpEYAOMMXCsl Ha Tepputopuu EBporsl u [Tepenneit Asuu.

[lepeiném K pacCMOTPEHHI0O BTOPOH YaCTH 331aud — COXPAHEHUE SHTPOINHUH MOUYBEHHOHM BJIard
npu e€ (asoBbIX MEpexodax, T.e. caefyiomas BeJIUYHHA, paBHAsi CYMME SHTPOIHUH KHIKOHW BOJABI U
nbJIa:

A ;=min {min

soil —

r i T L' il T,
S =p,ql1-fir||C, In—+—|+p,q fi CIn = | 66
soil IOWQ( fzce w n TO TQ pqulce i n TO ( )

S - entropy of soil water ( K m™), L;" - specific heat of phase translation ice-water (333560.5 J kg’
1)'

B ypaBHeHMM KOHAYKTHBHOro mepeHoca SHTponuu (59) He paccMmaTpuBaeioTcs (pa3oBble
[epexonpl BOAbL, T.€. AOJA JbJa B IOYBEHHOM BJIATOCOIEPKAHUH Q‘ice““’”) CUHTAETCSI H3BECTHOH, B
YPAaBHEHHH IPHCYTCTBYET TOJIBKO OJHO HEM3BECTHOE — TemIepaTypa. B ypaBHEHHH, ONHCHIBAIOIIEM
(pazoBbie mepexopl MOYBEHHOH BOIBI (66), MPUCYTCTBYIOT ABAa HEM3BECTHBIX — TEMIIEpaTypa H AOJs
JIbJ1a TIOYBEHHOH BJIarH, O9TOMY [JIsl pELIeHHs] 9TOH 3a4aYl He0OXOJUMO BBECTH €IIE OJTHO YpaBHEHHE,
CBSI3bIBAIOIEE JIBA HEM3BECTHBIX MeXkAy coOOH. BBegéMm Takoe ypaBHEHHE Ha OCHOBE (PU3HMUYECKHX
THIIOTE3 O TOM, UYTO IIPH TeMIepaType Bblle HyJsl HOJS JbJa paBHa HyJMO (€D HE MOXKET
CYIIECTBOBATD), a MPU TEMIEPAType HUKE HEKOTOpPOro moporooro 3HaueHus (nmpumem -30 °C) Bona B
KHIKOH (pa3e HE MOXKET CYIIECTBOBATb, T. €. IO0JIS JibJa paBHA €AMHHLE, MEXIY STHMH MOPOrOBBIMH
3HAUEHUSIMH [I0JIS1 JIbJa YBEJIMUMBACTCS C TNOHMKEHHEM TEMIEPATypbl U 9TO IOBBIILIEHHE OIHUIIEM
(pyHKuHEN rUnepOOINYecKOro TaHreHea:

fio'=—tanh|[T—T,|-a-f,] |, (67)

9MIIUPHYECKUH KOd(dHMeHT a :W onpenesnseT TepMOJUHAMUYECKHUH PEKUM H HE 3aBUCST OT

CBOMCTB IMOYBBI, a KOA(P(PHULHUEHT f, 3aBUCUT OT CBOMCTB MOYBBI U KoJieOJieTcsl B uHTepBasie 1 < f, < 2:
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wi_ - |minmax|b, 4|, 12|—4
frl=2- .

b- soil exponent, the same in previuos chapters, yem OoJbine 3HaueHHe Soil exponent, TeM IUIaBHee
(smoother function) pocT nOJH Jibla C MOHUKEHHEM TEMIIEPATYPBI.

PaccMoTpum METO YMCJIEHHOTO PEMIEHHUs] PACICTUIEHHON 3a4a4H.

Hcnonp3ayeM JIUCKPETH3alUI0 BEPTHKAJIbHOM KOOPAMHATHI Kak ObUIO MOKa3aHO B ryase 2 (puc.2),
HCTIOJIb3YyeM SIBHBIH METOJ ISl alNpOKCHMAIMH MPOCTPAHCTBEHHBIX MPOU3BOIHBIX (ITOTOKOB M HX
NPOU3BOJHBIX), TOIAA YPAaBHEHHE KOHAYKTHBHOIO MepeHoca SHTpomnMu (59) nmpHHMMAaeT clieAylomui
KOHEYHO-Pa3HOCTHBIA BHL:

; (68)

0 0 0 0
k+1 Tk+1 k Tk T k—1 Tk—l
* 0 kh+1 Csoil 1 - Csoil In— kh Csozl1 _Csoil In
1 T 1 Tk A'soil 0 TO _ /15011 TO 0 (69)
psozl CSOII _psml sozl T_ Ckh+1 7 —z Ckh 7 —7 ’
0 _ “soil k+1 k soil k k—1
A t Zihe1 ™ Zin

UHIEKChl «k» U «kh» 00O3HAUAIOT 3HAYEHHUS] MEPEMEHHbIX Ha LEJbIX MW MOJIYHEJbIX BEPTHKAJbHBIX
YPOBHSIX, BepXHHE HHAEKCH «0» M «*» 0003HAUAIOT 3HAUCHHE TeMIepaTyphl MEPEeMEHHbIX B Hauasle
ToCJIe peleHnsl 3aJaud KOHOYKTUBHOTO MepeHoca. 3HaueHUsl (PU3NYECKHUX MapaMeTpoB Ha MOJYLEbIX
YPOBHSIX PACCUHTHIBAEM KaK cpefHee apudgMeTHUecKOoe OT 3HAUEHHH, 3a/IaHHBIX Ha LIeJIbIX YPOBHSIX.
Jist onpenenieHns MIOTHOCTH U TEIJIOEMKOCTH BJIAXKHOHM TMOYBBI HCIIOJIb3EM 3HAUEHHE AOJH JieIsTHOH
(pasbl MOUBEHHOM BOJA HA HAYAJIO IIAra MO BPEMEHH.

Pemenue ypaBHeHHs (69) MO3BOJISET ONpPEAETHTh Temnepatypy 1 mocje yuéra KOHZYKTHBHOTO
MIPUTOKA TerIa, HO 6e3 yuéTa BO3MOXKHBIX (pa30BbIX IEPEXOIOB.

[Tocne pemeHust MepBOM YacTH pacUICTJIEHHOW 3a/layd C MOJYUYEHHbIM 3HAUEHHEM TeMIIepaTypbl
(T"), MBI MOKET ONPEETHUTh 3HAUEHHE SHTPOIMU MOUBEHHON BOIbl, KOTOPOE CUATAEM OKOHYATEJIHHBIM
B KOHIIE 1Iara 1o BpEMEHH:

ok w *

. T L. T
soil 0 i soil 0 k
Ssozl k— pqu(l flcek) C IHT+T_ +p1qkfzce kCilnF '(Zkh+1_zkh) ’ (70)
0
rae g U fie " — oOllee BIarocosepkande U O0Js JeasaHol ¢asbl Ha ypoBHE k, IOJIS CO 3HAUEHHEM

10 yuéTa (pa3oBbIX EPEXOJIOB.

[TonyyeHHOE 3HAUEHHE SHTPONHH MOUYBEHHOH BOJbI Mbl UCIIOJIb3YEM MJIsl ONpejeseHHs] 3HaUeHUH
TEMIIEPATYPbl U J0JH JIeJsSHOH (pa3bl B KOHLE IIara 1o BPEMEHH, T. €. NocJie Y4éTa (pa3oBbIX EPEX0I0B
NpY IOMOLIH PELIEHHS] CHCTEMbl YPAaBHEHHUM:

At w At
soil At

T i soil T
prIk(l fice ( )) CwlnT_kO"'?o +piqkficelkAt(Tﬁt)CilnTk0 '(Zkh+1_zkh):SsAotu k D

fil M =—tanh|[T}'~ T, |-a-f,,

ice

T ¥ fieo " “— 3HAUEHHS TEMIEPATYPBI M IOJIH JIEASHON (hasbl MOUBEHHOM BOMBI HA YPOBHE k MOCIE
yuéra (paaoBbe NEPEXOJI0B, T. €. B KOHIIE IlIara o BpEMEHH B KOHIIE [ara Mo BPEMEHH.

Cuctemy ypaBHeHudt (71) Mbl pemaeM MeTOH MOCJIENOBATENBHBIX MpUONMKeHHH (iteraction),
KOTOpPBIH B TaHHOM ciiydae 3¢p¢eKTHUBEH, MOCKOJbKY 00e (pyHKIHHU (66) U (68) SBISIOTCS INIAAKUMH U
MOHOTOHHBIMH.

3amMeTHM 371eCb, UTO IPH HAJMYHMH TOHKOTO CJIOSI CHETa IO MOBEPXHOCTH IOYBBI, IS KOTOPOTrO
HEeLes1eco00pasHO ¢ TOYKH 3PEHHUS] UUCJIEHHOH TOUHOCTH pellaTh OTAEJbHYIO 3afauy KOHIYKTHBHOIO
nepeHoca Terla ¥ (pa3oBbIX NMEPEXOAOB, K SHTPONHH MOYBEHHOH BOJIbl HA TOBEPXHOCTHOM IOUYBEHHOM
yPOBHE (MHAEKC HOJb) MPHOABJISIEM SHTPOIHIO TOHKOIO CHEKHOTO cjosl (CM. cienywomylo riasy). B
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pesyJbTaTe MOJy4yaeM 3HAu€HHE 3HAUEHHE TeMIlepaTypbl B KOHIE LIara Mo BpeMeHd oOmee st
MOBEPXHOCTH MOYBBI U TOHKOT'O CHETa.

6 Snow scheme

[Tponeccsl 0Opa3oBaHMsl, 9BOJIOLMH, TAasHUSI CHEra Ha MOBEPXHOCTH MOYBbI OUEHb BaXHbI, T. K.
CBs3aHbl C (pa30BBIMHM IEPEXOJAaMH BOJIbI, T. €. MOIIHBIM HCTOYHHKOM (CTOKOM) TeIjia, a TaKkKe C
9¢pdeKTOM TerI0BOH H30JISIIKMH MOUBBI OT aTMocepsl. B naHHO# paboTe npeaaraeTcsi OpUruHajbHast
CXemMa MHOTOYPOBHEBOTO CHEKHOTO ITOKPOBA.

Kax ObL10 yka3aHo B 2 rjiaBe, C TOUKH 3pE€HHS] TEPMOJUHAMHUECKHUX MPOLIECCOB CHEKHBIA MMOKPOB
MOJKET JIMOO MOJHOCTBIO MOKPBIBATH TOBEPXHOCTD, JIMOO MOJHOCTBIO OTCYTCTBOBaTh. IIp 9TOM BBOAMTCS
NOHATHE HEKOEH MHMHHUMAJIBHOH TOJIIMHBI CHEXHOTO IIOKpOBAa, IIPH KOTOPOH CHEr MOXET
paccMaTpUBaTbCS KaK OTIEJbHBIHA CJIOM C TOUKH 3PEHHs IIPOLECCOB KOHAYKTHBHOIO IIEPEHOCA TEIUla U
(pazoBbIXx mnepexomoB Bonpl. EciaM ToNIMHA MEHbLIE 9TOrO TMOPOrOBOTO 3HAUEHMs, TO CHET
paccMaTpuBaeTCsl Kak AOMOJHUTESIbHBIM KOMIIOHEHT MOBEPXHOCTHOTO CJIOS MOUBHI (CM. riaBy S). B To
K€ BpeMsl IPU paCCMOTPEHHH OaslaHCca BOJIBI, T. €. MPOLIECCOB CBSI3aHHBIX C BBIMAJEHHEM aTMOC(EpPHBIX
0CaJKOB, CyOJIMMAaLMK UM BO3TOHKH BOJSIHOIO Mapa, TOJIIMHA CHEXHOTO MOKPOBA MOKET OBITh CKOJIb
YTOJHO MaJIOH, T. €. IJIsl 9THUX MIPOLIECCOB HE NPUMEHSIETCS] NOHATHE MUHUMAJIbHOHN TOJIIHHBI.

CHer npencTasisieT cOOOH MOPUCTYIO MacCy «JibJla», KOTOPasi MOXKET COAEPKAThb KUAKYIO BOLY,
oOpasywomyiocst MO0 MpH TassHUM CaMOM 9TOM MacChl, JTMOO MPH BBIMAJAEHUH KHUAKHUX OCAaIKOB. JTa
KUAKas BOJa, MPH MOSIBJIEHHUH Cpa3y e MpoTeKaeT JMOo B OoJiee ri1yOOKHe Cllosl CHera, JIMOO B MOUBY.
C noBEpXHOCTHOCTH CHETa MPOMCXOIUT BO3TOHKA JIEASHOM (Da3bl.

B npemmaraemon Mogenu Uil B KaueCcTBE BEPTHKAJIbHOM KOOPIMHATHI B TOJIIE CHEra
TIPEJIAraeTCsl MCIOJIb30BaTh HE T'€OMETPUUECKYI0 JIMHY, a MacCy Ha eauHuny Iomanu (kg/m?).
BeprukanbHasi KoopavHaTa pa3OMBaeTCsl Ha LEJble M IMOJIyLENble YPOBHH, BEPXHHH LIEJIbIH ypOBEHb
HMMEET HHIEKC HOJIb, MOJYLEJbIH YPOBEHb C TAKHM K€ HHIEKCOM HAxXOIHWTCSl Haj LEJIbIM YPOBHEM,
MUHIEKCHl YpOBHEH pacTyT c riayOuHod (cMm. puc. 3). Ilpu HMCHoOJb30BaHMM TaKOH BEPTHKAJIbHOM
KOOpAMHATHI O0IIasi Macca CHera Ha ypoBHSIX, KpOMe BEPXHEro, OCTOsIHHA. Bee ciion, Kpome BepXHero,
UMEIOT OAMHAKOBYIO (CTaHAAPTHYI0) TOMIUHY. [Ipy yBeaHMueHHH WM yMEHbIIEHHH OOIIeH MacChl CHera
CHauvajla MEHsIeTCsl TOJIIHHA BEpXHEro cjosi. Ecay ke ero ToJImuHAa AOCTHUraeT (WM IMPEBOCXOOMT)
3HAYEHHE CTAHJAPTHOHM TOJILHHBI, WIH €CJH €0 TOJIIHHA CTAHOBHUTCS MEHEE MHUHHUMAJIHOTO 3HAUECHHUS,
TO H00aBisieTCsl WK yOaBisieTcsl OAMH YPOBEHb, a 3HAYEHHs TEMIIEPATyPbl CHEra M COAEpKaHUsI TaJlon
BOJIbI [IEPECUMTHIBAIOTCSI C YUETOM HOBOT'O MJIM UCUE3HYBILETO YPOBHSI TaK, YTO ObUIM COXpaHEHbl 00Iue
(Mo BCEM CHEKHOM KOJIOHE) 3HAUEHHSI SHTPOIMH CHEra, KOJMUYECTBA TAJIOH BOABl M HEKOTOPBIX
JUArHOCTHUECKHX XAPAKTEPUCTHK TAaKHUX Kak, BO3pacT CHera, €ro IUIOTHOCTh M 1p. IIpm orom
YBEJIMYEHHE KOJIMYECTBA YPOBHEH HE MOKET ITPEBbIATh HEKOETO 3aJAHHOIO MaKCHMAJIbHOTO 3HAYEHHSI.
Ecnmu oOmas TojmmMHa TakoBa, YTO 3TOrO KOJMYECTBA YPOBHEH HE XBaTaeT, TO YBEJIHMUMBACTCS
(yoBauBaeTcsl) 3HAUEHHE CTAHIAPTHOHM TOJIIIMHBI, OINPENEJISIOTCS HOBbIE YPOBHH H IPOU3BOIUTCS
NepepacyéT BCEeX MPOTHOCTHUECKMX M JHArHOCTHYECKHX IApaMeTPOB CHEra Ha HOBBIX YPOBHSIX C
COXpPAHEHHEM HMHTErPAJIbHBIX 0 BEPTHKAJIHM 3HAYEHHH. TO ke camoe NPOHUCXOOUT IMPH yMEHBIIEHHH
oOmen macchl, T. €. oOpaTHBIM Mpolecc, KOorja CTaHJapTHasl TOJILHMHA yMeHbIlaeTcsl (B JiBa pasa).
Takum 00pa3oM UYHCJEHHAsl CXeMa MO3BOJISIET ONMCBHIBATb CHEXHBIH MOKPOB MPOU3BOJIBHOM TOJIHHBI,
CJIEOMTh 34 €r0 yBEJIMUYEHHEM HJIM YMEHBbIIEHHEM, HO IPH S5TOM KOJIMYECTBO YHCJICHHBIX YPOBHEH
OTPaHHUYEHO HEKHX 3aJaHHBIX UHUCJIOM.



17

Atmosphere

Snow surface

1 k1
--{-= kh halflevel | Snow body
—_— k full level
f-- kh+1
k+1

--w-- kh=nlev_snow .
! — Soil surface
m k=nlev_snow X
- Soil body

Puc. 3. Cxema KOHEYHO-PAa3HOCTHOI'O MPEACTABJICHHUA HpOCTpaHCTBeHHOﬁ KOOpPpAHHATHI B CHETI'C.

6.1 Processes of dynamic and balance of snow mass

JlMHAMHKa MacChl CHEKHOTO MOKPOBA OINpeAesisieTCs] H3MEHEHHEM JIBYX COCTABJISIIOIIUX CHEXHOTO
MOKPOBA: KPUCTANIMUECKOH U KUIKOHW. M3MeHeHHe MepBoW COCTAaBJISIOMEN MPOUCXOTUT Ha BEPXHEM
YPOBHE CHera IpH BBITAJEHUH KPHUCTAJUIMYECKHX OCAAKOB M CyOJMMAalMH/BO3TOHKH BOJSIHOIO Iapa,
JIpyrve ypoBHH B 9TOM IIpoLiecce HEe YyuacTBYIOT. MI3MEeHEeHHe BTOPOH COCTABJISIIOMIEH MPOUCXOAMUT MPH
BBIMAJICHUH HA BEPXHUH YpOBEHb XKHMIKHX OCAJKOM M TasiHHM CHEra Ha JIOObIX YPOBHSIX, MPHU 9TOM
KHUIKasi BOJA CTEKaeT B HHXKEJekKallde CJIOM CHera WM B mouBy. OOmui OajsaHC Macchl CHera
orpepesisieTcs CyMMOM MOTOKOB BOAbI (BO Bcex (pa3ax) Ha BEpXHEM U HHKHEM YPOBHSIX.

IToTok Macchl BOAbI Ha BEpXHEM YPOBHE CHEra OMMCaH B I1aBe JBa (CM. ypaBHeHHs 38, 41, 43, 44).
Ha HuxHeM ypoBHEe NMOTOK Macchl BOAbI ONpEAesieTcs MOTOKOM 3KHAKOH BOJBI C BbILIEJIEKAIETrO
ypoBHsi. Ilpouecc cTekaHusl KMAKOW BOABI MO CHEKHOMY MPOQHUII0 OMUCHIBAETCSl TaK: BCS JKUAKas
BOJA, KOTOpas B HauaJje mara HaXOJWUTCs Ha YPOBHE k, B KOHILIE [Iara OKasplBaeTCsl Ha YpOBHe k+1, 9Ta
TUINOTE3a BIOJHE NpUeMIeMa, T. K. SMIIHPHUECKHE [aHHbIE MOKa3bIBAlOT, UYTO JaXe OUeHb HHU3KOH
CKOPOCTb CTEKaHHMSI KHIKOH BOJbI BCE-TAKH MPEBOCXOAUT 3HAYEHHS], IPUMEHSIEMbIE B CXEME CHEKHOTO
MOKpPOBa (TOJIUHA CHEXHBIX CJIOEB MOPSIAKA CAHTUMETPOB M ILIar 10 BpeMEHH nopsigka MUHYT). [ToTok
’KUIKOH BOJIBI HA TIOJYLIEJIOM YPOBHE CHEra:

= mkl.(lA_ff;Oil) , (72)
m t
rae @, — flux of liquid water in snow at level kh(kg m?s™), m;, — specific (total) snow mass at level

k-1 (kg m?), f...""— fraction of ice phase in total snow mass at leve k-1.
[ToTOK BOJBI HA HHKHEM IOJIYIIEJIOM YPOBHE CHEra — 9TO MOTOK BOJBI U3 BOJIa HA TIOBEPXHOCTh
MOYBHI (CM. rJaBy 3).

6.2 Processes of heat conduction and water phase transition in the snow
Kax u B cxeme 1MouBbl, OCHOBHBIM YpaBHEHHEM, OITHUCHIBAIOIIHM TETJIOBOE COCTOSIHHE CHera,
SIBJISIETCSI ypaBHEHHE COXPAHEHHSI U TIEPEHOCa SHTPOTIHH:
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OCHOBHOE ypaBHEHHE:

o5 _or,
ot om ~’
rje S — oOIast SHTPOITHS CPEJibl, COCTOSINIEH, B O0IIEeM Clyuae, U3 72 KOMIIOHEHTOB:
n
m.
S = —- S s
2V

rae V — obummii 00bEM MHOTOKOMIIOHEHTHOM CpeJibl, 11; U S; — Macca U yJieJbHasi SHTPOMHS i-0ro
KOMIIOHEHTa CpeJibl.
OOBIYHO HCMOJIB3YIOT 2 BapUaHTa 3TOH (POPMBI:

D) S=).qpsS, .ecm q=p-
i=1
n V.
2) S=Zqipi8i ,eCIH  q,=—
i=1 VZ

B cHere cpema cOCTOMT U3 IBYX KOMITOHEHTOB: COOCTBEHHO CHET (BOJIbI B TBEPIOH (hase) C
YAEJIbHON SHTPOIHUEH S; ¥ KUAKOH BOJBI C yAECIBHOH SHTPOIHEH S,,:

Si:Cilnl ,
TO
LY
S.=C.Ind+2t |
TO TO

A
keK |

C,, — yJzenbHas TEIJI0EMKOCTb BOJbl paBHa 4186.8 (

C; — ynenpHas TeIIOEMKOCTb Jibaa paBHa 0.5C,,
T, — TemnepaTypa TpoHHOH ToukH paBHa 273.15 K,

i
Ke

L} — ynenpHas Terora ¢pasoBoro nepexona aén-soaa 333560.5 (

[TpuHMMasi TUIIOTE3Y O TOM, UTO CHET, MO aHAJIOTHH C TIOYBOH, 9TO MOPUCTasi cpeaa
(dbopmooOpasyronui KOMIIOHEHT), B TOpax KOTOPOro COAEPKUTCS KHuaKas Boaa. Toraa obmui 06bEm
cpeabl paBeH 00bEMY CHera (KHJIKasi BoJa He A00aBisieT 00bEMa, a 3aroJIHsIeT MOPbI
¢popmooOpazyiomero KOMIOHEHTA):

mS
Vzp—s ,
m,; — Macca cHera (KpUCTaJUTMUeCKOH (pasbl), O, — IMJIOTHOCTH CHera. Toraa oOmias SHTPOIHsI CHera,
WCMOJIb3Y sl IEPBbIH BApHAHT:

m m p p m
S:_S.Si+_w.SW:mS_S.Si+mW_S.SW:pS.Si+_W ps'Sw ,
\% \% m, m, m;
m,, — Macca KUIKOH BOJBI.
v mW 9]
Ham HyXHO HaTH COOTHOLIEHHE a1 —— . B npuHsTOM runorese m=mg +m, — obuas macca.

S
BBoum noHsTHE MacCOBOH JOJIH CHeETa f;, Torja:

m m m m m m m m
m=m,_+m, — =41 , AL , =1 , Y- 1
mS mS mS mS mS mS mS m.fS
m, 1
—_—_
mS fS
H utore umeem:
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T [1 T L'
S=p,CyIn—+|——-1|p,|C,In—+—--| ,rme
T, \f, ) T, T,
T ’Hm
S=C..In— _ o kbt
i yAeJIbHAs MacCOBast SHTPONKAS JbJa |* ~pr |
S,=C,- ln1+—i yIeJIbHAsi MACCOBAsl SHTPOIIHUSI KUIKOW BOJIbI ,i_o;{c

0 0
IToTok SHTPOIHUHU UMECT NBE COCTABJIAIOIIHUE: KOHOYKTHUBHAS H CBA3aHHAA C IEPEHOCOM MACCHI.

ITockoJsibKy KpHCTaTHUECKast YaCTh CHeTa sIBJIsIETCsl (POPpMOOOpasyIomeH, T. €. C HeH CBSI3bIBaeM
KOHAYKTHBHBIM MOTOK TEIIa, KOTOPbIA OMpPENEseTCs KaK MepeHoC yASIbHOH SHTPOIHUH
KPUCTAJUTHUECKOTO CHEra, Mpy 9TOM MapaMeTphl 9TOro MepeHoca 3aBUCSIT OT MJIOTHOCTH CHera:

A0S, Hoc
Scond_Ci 82 CKMZ )
T (1 T L,
A, — yaenbHast TeruonpoBogHocTs chera . S=pCyIn—+——1|pC - In—+—"
TO fs TO TO
Cornacho uccaegoBanusiM J.Jin etc., 1999 (SNTHERM):
A=K ~p2 A IIPH 7, =7; (IJIOTHOCTb CHETa paBHA IUIOTHOCTH JIbAA), ) =) =2
s s cmK s i
Ak MO9TOMY TOJTyYaeM:
cm-K| y oy '

A,=2.45-10"°-p2

Hanpumep, npu p; =100 xz/m’, 1,=0.02 Ix/(c-m-K).
B 9T0# ke paboTe MPUBOIUTCS yIENbHOH 0OBEMHOE TEMIOCOIEPKAHHUE CHETa KaK (DyHKIMS OT
€ro MJIOTHOCTH:

C, =1.96-10°F"
HO B HAllIEM CJIy4a€ HYKHO HUCII0JIb30BATh YIEJIbHOE MAaCCOBOEC TEIIJIOCOACPKAHHUE CHEra:
C
C,=*=19610%° - =21111=C, -

Ps
T. €. paBHO TCIIOCOOCPKAHUIO JIbIA.

Tor,ua IJIs1 KOHOYKTHBHOI'O TIOTOKA SHTPOITHMH CHETa HMCEM:
_}\'s(ps)asi_ 7\'5 apESi ﬂJfCK?
S C. 0z chi om cKwm

1
Oz - CPEHSIA IUIOTHOCTD CPEJIBI, ONPENENHM €€, m - MacCa Ha eIUHHMILY TUTOIAaH (kz/m?)

I1

OO0wmui 00bEM V:% (cM. BhlE), T. €. V= mF;f S, TOorjma:
0, =M =P

YVomf,

P =P

S f,

B utore KOHILYKTI/IBHHﬁ MOTOK SHTPOIIMH CHETr'a PaBCH:
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Ps

a=s,

I :&E—(fs )
S cond fs Ci Gm

HOTOK BHTpOHI/IH, CBHBaHHbIIjI C ITIOTOKOM MACChI B CUCTEME KOOpIII/IHaT CBH3aHHOI>i C MaCCOﬁ:
HS mass: HW.SW_ Hi.Si ’
6aHaHC MacCChbI: CKOJIBKO )KHIIKOﬁ BOObI U3 IlepeS ypOBeHb HpOTCKJIO BHHU3, CTOJIBKO XK€ (HO Macce)
KpI/ICTaHHquCKOFO CHEra OOoJIKHO «IIOOHSTBCH BBer» qepea 9TOT XK€ ypOBeHb.

B utore numeem O6IHI/Iﬁ MOTOK SHTPOIIHH CHEra:

5 &.Si
=P\ g s s
S_fscl' om w Sw iYi

Toraa NpOrHOCTHYECKOE YPABHEHHE UMEET BHI:
as _o,
ot om ’

M a(%-si
0S_ o |Psh s ] . .
ot oml|f.C.om THwSHILS

YucieHHoe peleHHe MOJYYEHHOrO NPOrHOCTHUECKOTO VPABHEHU S

[TpaBast yacTh ypaBHEHHs1 OEpETCS B SIBHOM BHJE:
0

0
A
p; khe1 N g1 s Jk+1 s k"'Hw'Se« k_Hw'S?kﬂ
fome: Ci My —my
Mgy 1= My,
A
AN
p(s) - - : k71+Hw'53 k—1_Hw'S?k
_ fs kh Ci mk_mkfl :A
My — My,

JleBas uacThb:
TAt
C.ln—+
pS k 1 T

0

0
T
k
Y —Ps kCilnT'i' e
s k 0 0 s k 0

TAt TO
L l)psk CwlnT—"+LiW L —l)pS ‘ Cwln?"+Lf

At

O0o3HaUUM
0

0
T, v
1)ps | C,In=X+L}| | torma noayunm ypasHenue:

T
B=p, ,C,In—*+
TO

1
0
s k

T,




TAt 1 TAt
Ps kCilnT_k+ o —1|ps 4 CwlnTk*-sz =A-At+B |
0

s k 0

21

rae AunB— YJICHBI, BBIYHUCJIAEMBIC 10 3HAUCHUSM IIEPEMEHHBIX B HAUAJIC IIara 1o BpEMEHH. Y nac

At
k A

OCTAIOTCSI JIBA HEU3BECTHBIX In—— W f , OJyYEHHOE YPABHEHHE MOKHO PACIIUCATD JHOO
0

OTHOCHTEJIbHO OIHOT'O HEU3BECTHOT' O, JIMOO OTHOCHUTEJNIBHO JPYroro:

w

A L; 1
At 'At+B_pS k'T_O' fAtk_
In—-= :
T 1 ’
’ Ps k Ci+Cw' Tt_l
s k
At w
ps . Cw.ln_k+_i
fm_ 1 _ ‘ T, T,
s kT At -
T At At w
A-At+B—p, ,-Cyln—- A-At+B—p k-C.-lnT—k+p c ey L
T, skzimm, v, T
+1 0 0 0
At w
pS k w TO TO

Yro0bI PCUIUTb YpaBHCHHUE C NIBYMSI HCH3BCCTHBIMH HY)KHO OOIIOJIHHTb CHCTEMY ypaBHeHI/Iﬁ HEKHM

COOTHOIIEHHEM MEXIY IBYMSI HCKOMBIMH HEM3BECTHBIMH, NpEIioaras, 4To TeMrepaTypa cHera
HHKOT/Ia He MOKeT OBITh BbIIle HYJIO rpagycoB T, '<T, . JIJIs 9TOTo MpeUIoKUM ClieLyonui
AJITOPUTM:
1)Ecim f2,=1 , To mpeamonaraem, uTou f.,=1 u paccumtbiBaeM T'
1.1) Ecnu nonyuennoe T,'<T, , TO ypaBHEHHE PENIEHO.

A A
1.2) Eci monyuennoe  T,'>T, , To npeanojaraem, uto T;'=T, H pacCUMTHIBAEM

A
&, ypaBHEHHE pemeHo.

2)Ecu fC,<1 ,To npeanonaraem, uto T,'=T, HpaccuuThiBaeM fo

A
2.1) Ecim monyuennoe ., <1 , TO ypaBHEHHE PENIEHO.

A

8=1 W paccunThiBaeM

2.2) Ecim nonyuennoe 2\ >1 , To mpeamonaraem, 4to  f
T:' , ypaBHEHHe pemeHo.

[TporHocTHueckoe ypaBHEHHE pemiaeTcs 1jist ypoBHer ¢ k=0 no k=nlev_snow-1, Ha ypoBHe
k=nlev_snow TemnepaTypa UMeeT IPaHHUHOE YCJIOBUE, ONPENEeIsieMOe B CXeMe TMOUBHI, T. €.
TeMIepaTypa ¢ MOYBEHHOTo YpoBHsI ypoBHs k=0. [ToToku onpenensoTcst Ha ypoBHsiX ¢ kh=1 1o
kh=nlev_snow, Ha ypoBHe kh=0 MOTOK oIpeaesercsi NOTOKOM HU3 aTMmocgepsl. [ToTok Ha ypoBHe
kh=nlev_snow oripeaesieT IOTOK MEX/1y CHETOM M MOYBOH M UCIIOJIb3YETCS B CXEME MOUBBI.

[Tonst CHE>KHOTO TIOKPOBA CUMTAETCs BCerzia paBHOM 1 (cM. 060CHOBaHHMe B T/1aB
«BzaumMogencTBre MeXAY aTMOC(EPOH U MOACTUIIAIOIMEH MOBEPXHOCTHIO: TOTOKH BOABI (B Pa3IMUHBIX
(pazax) u Teria (SHTpoOMUU)»). OnUcaHHasE cXeMa MPUMEHSIETCS 711 CHEKHOTO TTOKPOBA,
TPEBBINIAIONIETO (IO MACCE) HEKOE TIOPOTOBOE 3HAUEHHE My, (1 K2/ m*). ECIIM CHEXHBIA TIOKPOB
MEHBIIIE 9TOTO 3HAUSHHSI, TO JIaHHAsI cXeMa (TOJIbKO ISl TETUIa/SHTPOIHH, HO HE JIJIs MacChl BObI!) He
NIPUMEHSIETC I, KOHAYKTHBHBIH IMOTOK TETUIa CUATACTCST OECKOHEUHO OOJIBIINM, T. €. CHEXKHBIH TOKPOB
CTAHOBHTCS «IIPO3PAUHBIM» C TOUKH 3pEHHS TETUI0O0OOMEHa MeX1y TTOUBOM U aTMOC(hepoH (MOTOKH
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SHTPOMHUH U3 aTMOC(EpBI MPSIMO HUIYT B MOUBY), a (pa30Bble MEPEXO bl 3TOrO TOHKOI'O CJIOsI CHera
YUHTBIBAIOTCS] B CXEME MOYBBI B YPABHEHHH Ha BepXHeH rpanuie (cM. riaBy «TemmepaTypa B mouse

(mepeHoc Temua, ¢pa3oBble MEPEXObI)»), a TEMIIEpATypa CHEra aBTOMATHUECKH CTAHOBUTCSI PABHOH

TEeMIIepaType MOYBbl Ha BEpXHEH rpanuie. [is yao6CcTBa pacUéTOB B MOUBEHHOH CXEME BBOIHTCS
TIEPEMEHHAS My, """

bottom __ min
snow =m |k:nlev_sn0w_m |kh:nlev_snow €CJIh mmﬂwz Mgpow

bottom __ _ min
msnow =m |k:nlev_sn0w =m |k:1 €CJin mm0w< Mgpow -

[110THOCTH CHEra — MHATHOCTUUYECKOE YPABHEHHE

B noctpoeHHo# cxeme rnpeAnosaraeTcs, YTo U3BECTHO 3HAYEHHE TUIOTHOCTH CHera. JTa BeJIMYMHA
CUMTAETCSI HEMPOTHOCTHUECKOH, a OMpeAeisieTCs] AMarHOCTHUECKH, UCTIOJIb3YIO ClIeAyIore
MIPE AMOJIOKESHHUSI.

1) [InoTHOCTB CHera He MOKET MeHsSITbCs ObicTpee uem, 10% 3a 1 cyTku.

snow

K2
2) BHOBb 06Pa30BaBIIHHCS CHET HMeeT HEKYI0 3a[aHHyIo0 INIOTHOCTh  phor =100 —
M

3) IINOTHOCTB CTaporo (CJIEkKaBUIETOCS) CHETa HE MOKET MPEBBINATh HEKOE 3aJaHHOE 3HAUEHHE
old ke

=700 —
M

snow

3) I110THOCTH CHera, moaBepraBierocs pa3oBbiM MepexoaM He MOKET MPEBBIIATh HEKOE
safganHoe 3Havenne plt =800 K—e:,,
M
5) IT1OTHOCTH CHETa 3aBHCHT OT:
5.1) cymmapHOro Bo3pacTta CHera, HCUMCJISIEMOro B CYyTKax - Snow_age;
5.2) cymmapHOro nepuoja, Korja cHer rnojaBepracs npoieccam ¢asoBoro nepexoaa
(TasiHMe/mepe3amMep3aHue), HCUMCIISIEMOTO B CyTKax- snow_melt_age;

K2
5.3) riyOHHBI yPOBHSI B MAaCCOBOH KOOpIHHATE 7

B NpHHATHIX TPEANIOIOKEHHIX CTPOUM CJIEIYIOIMMI aJITOPHTM JHATHOCTHYECKOTO ONpPENEICHUS
IUIOTHOCTH CHEra B KOHIEC KaXXOOTr'0 mara 1o Bp€EMEHH Ha YPOBHSX CHEKHOTI'O IIOKPOBA.
pY, U p2 - IJIOTHOCTb CHera Ha ypoBHE k B HauaJle M B KOHIIE INara o BPeMeHH.
[ 03
snow_age 1l old fresh

snow psnow ’

p,=max|min

365>
3 . -(snow_rnelt_age+30)0‘3 fim
p,=max{min 2650 » 1 Psnows> P1[ >
K, =minl1+ L[] 15
depth 2\100) ’
Kdepth — sMmnupuueckuil Koa(ppHIHUEHT, ONpeAeISIIOMNUN 3aBUCHMOCTb IJIOTHOCTH CHEra OT

K2
rJIyOHHBI, m — TJIyOHHA YPOBHSI k IO OCH BEPTHKAJIBHOW MacCOBOH KOOpOUHATE —
M

pftk:min{pZ'Kdepth’ pzlr:cr;w}
At

K,.=01——

rate 1440 °
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At - mar no Bpemenu (c), 1440 cekyng = 1 CyTkH.

OKoOHYaTeBHO OINpEacsieM:

1) Ecim cHer ymnoThsieTest  pl\=p?, . TO pf[k:min{pftk, D¢ k(14K g }
2) Ecom cHer paspIxjiseTcss P,y <p., »TO p = max|psmk, o, k-(l—K rme) }

KosnuecTBO YpOBHEH CHEKHOTO MOKpPOBAa OrPAaHHUEHO, MOSTOMY [UIsl ONHCAHHUSI CHEKHOTO
MOKPOBA CKOJIb YTOAHO OOJIBIIOH MAacChl, Macca CHEKHbIX CIIOEB MOXKET CKauKOOOpPa3HO yBEJTHUHBATHCS
win yMmensmatbes. [IpeanoxeHHasi cxema MO3BOJISIET 9TO AeJaTh C COOJMII0IEHHEM COXpaHeHHsl oOmmeHn
MAaccChl U SHTPOIIMH CHEra U nepepacnpeesieHHeM Mo YPOBHSIM IHarHOCTHYECKHX XapaKTEPUCTHK CHera
(BO3pacT, MJIOTHOCTb U Ip.).

7 Definition of physical parameter of soil, vegetation and snow

8 Bottom boundary condition discution

9 Verification of «Pochva» model in NWP model Bolam in ...cast regime

10 Conclusion

Appendex A Definitions of symbols

Appendix B Maximum soil water volumetric sperific content
Appendix C Minimum soil water volumetric sperific content
Appendix D Dry soil density

Appendix E Dry soil heat capacity

Appendix F Saturated soil hydraulic conduction

Appendix I Soil exponent

Appendix J Wilt poin soil water volumetric sperific content
Appendix K Reference soil water volumetric sperific content
Appendix L Soil albedo

Appendix M Soil emissivity
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Appendix N Vegetation root depth

Appendix O Vegetation roughness

Appendix P Vegetation albedo

Appendix Q Vegetation emissivity

Appendix R Estimated depth of water table top
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