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Abstract

RAVINA, CAROLINA B., and MARVEL D. BURTIS. 1994. Selected translated abstracts of
Russian-language climate-change publications: I1. Clouds. ORNL/CDIAC-64;
Proceedings of RIHMI-WDC Issue 159. Carbon Dioxide Information Analysis Center,
Oak Ridge National Laboratory, Oak Ridge, Tennessee. 106 pp.

This report presents abstracts (translated into English) of important Russian-language
literature concerning clouds as they relate to ciimate change. In addition to the
bibliographic citations and abstracts translated into English, this report presents the
original citations and abstracts in Russian. Author and title indexes are included to
assist the reader in locating abstracts of particular interest.

PABHHA K.6. H M._. 6_r_.PTHC.1994. Bba6oposHueaHHOTaLLHHpyCCKOSa3bI_IHblX
ny6nHKaU,HRno H3MeHeHHRMKnHMaTa:11.O6naYHOCTb.ORNL/CDIAC-64, Tpy_,ba
BHVIHI-MH-MI/n H3_aHHe159. I/eHTp aHanH3aHH_OpMau,HHno yrneKHcnoMy ra3y,
OKpH_>KCKaRHau,HoHanbHaRna6opaTopHR,OKpHD,)K, TeHHeCCH.106 CTp.

OTH_T npe_cTaBnReTco6oR C6OpHHKaHHOTaU,HR HaH6onee HHTepeCHblX
pyCCKOR3blHHblXny6nHKaU,HRno o6rIaHHOCTH,C yH_TOM3HaHeHHRH3yHeHHR
o6naHHOCTH,D,rlR HCCrle_OBaHHi;IB o6naCTHH3MeHeHHRKnHMaTa. ROMHMO
6H6nHoI'pacI:)HHH aHHOTalJ,HR,nepeBe,O,_HHblXHa aHFnHRCKHRR3blK,BOTH_T
SKnlOHeHaOpHl'HHarlbHaR6H6rlHOl'pa_Hg H aHHOTaU,HHHapyCCKOMR3blKe. ,0,nR
06rlerHeHHRnoHcKaHy_HORaHHOTaU,HHB c60pHHKBKnlOHeHblHHD,eKCaBTOpOBH
HH,O,eKC Ha3BaHHI;1.



Introduction

On May 23, 1972, Richard Nixon, President of the United States, and N. V. Podgorny,
Chairman of the Presidium of the Supreme Soviet of the Union of Soviet Socialist Republics,
signed an Agreement on Cooperation in the Field of Environmental Protection Between the
United States of America and the USSR. This agreement was to be implemented for the
following areas: air pollution, water pollution, environmental pollution associated with
agricultural production, enhancement of the urban environment, preservation of nature and
the organization of preserves, marine pollution, biological and genetic consequences of
environmental pollution, influence of environmental changes on climate, earthquake
prediction, Arctic and subarctic ecological systems, and legal and administrative measures for
protecting environmental quality.

Working Group VIII (WG VIII), established to address the issue of influence of environmental
changes on climate, now includes five projects: climate change; atmospheric composition;
radiative fluxes, cloud climatology, and climate modeling; data exchange management; and
stratospheric ozone. The Office of the Deputy Assistant Secretary for International Interests
of the National Oceanic and Atmospheric Administration is the U.S. coordinating agency for
WG VIII projects, and the Russian Federal Agency for Hydrometeorology has been the
coordinating agency within the former USSR. The Carbon Dioxide Information Analysis
Center (CDIAC) has, since 1990, been active in the WG VIII project on data exchange.

CDIAC's participation in WG VIII activities has been facilitated by its participation in the
Quantitative Links initiative of the U.S. Department of Energy's Global Change Research
Program (USDOE/GCRP). CDIAC's role in this initiative has been to provide the quality-
assured data sets needed to quantify the relationship between changes in atmospheric
composition and changes in climate. In support of this role, CDIAC has been collaborating
with research institutions in the former USSR to identify, quality-assure, document, and
package selected data sets as CDIAC numeric data packages (NDPs). In 1991, CDIAC
published the NDP Atmospheric CO2 Concentrations Derived from Flask Samples Collected
at U.S.S.R.-Operated Sampling Sites (ORNL/CDIAC-51, NDP-033), compiled by Thomas A.
Boden of CDIAC, with data contributed by A. M. Brounshtein, E. V. Faber, and A. A.
Shashkov of the Main Geophysical Observatory (St. Petersburg, Russia). In 1993, CDIAC
published the NDPs Daily Temperature and Precipitation Data for 223 USSR Stations
(ORNL/CDIAC-56, NDP-040) compiled by Russell S. Vose of CDIAC, and Three-Hourly
Temperature and Precipitation Data for 223 USSR Stations (ORNL/CDIAC-66, NDP-048),
compiled by Dale P. Kaiser of CDIAC; data for both were contributed by V. N. Razuvayev,
E. G. Apasova, and R. A. Martuganov of the Research Institute of Hydrometeorological
Information (Obninsk, Russia). CDIAC has also hosted visits by Russian scientists, and
CDIAC staff have visited Russian geophysical research institutions and data centers.

CDIAC sent a survey to 172 researchers in eleven countries. Participants were asked to
suggest data sets that (1) would be of particular importance to the quantification of the links
between changes in atmospheric chemistry, the Earth's radiative balance, and climate, but
(2) that were of limited usefulness because of problems with availability, documentation, or
quality or (3) did not currently exist but could be compiled from separate extant data sets.
More than one hundred data sets were suggested, in areas ranging from climate and the
cryosphere to the Earth's surface or cover and trace gas emissions and concentrations.
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This and a follow-up survey indicated that researchers in this area were especially interested
in the Earth's surface energy budget, clouds, aerosols, and general circulation models.

To respond to the interest in these four areas, CDIAC and the All-Russian Research Institute
of Hydrometeorological Information--World Data Center (RIHMI-WDC) in Obninsk, Russia,
began a collaborative project to produce a series of dual-language bibliographies of Russian
literature that had not previously been translated into English. This project included the
assignment of RIHMI-WDC technical translator Carolina B. Ravina to CDIAC to work on these
bibliographies. As part of this work, CDIAC and RIHMI-WDC decided to evaluate new
personal-computer-based translation and word-processing software. The first report to result
from that project, published in 1992, was Selected Translated Abstracts of Russian-
Language Climate-Change Publications: I. Surface Energy Budget (ORNL/CDIAC-57;
Proceedings, RIHMI-WDC 158), translated by Carolina B. Ravina and compiled by Marvel D.
Burtis (available on request from CDIAC, Oak Ridge National Laboratory, P. O. Box 2008,
Oak Ridge, Tennessee 3781-6335, U.S.A.). The current report, on clouds, is the second in
the series. It is hoped that the current reports on aerosols and general circulation models will
also be forthcoming.

This report covers Russian literature that has not previously been translated into English.
The reader is also referred to the English-language journals Soviet Meteorology and
Hydrology and Atmospheric and Oceanic Physics which consists of translations of the
Russian-language journals MeTeoponorH_ t4 r'14_ponor'_Rand _14314KaaTMOCC_epbl 14oKeaHa,
respectively.
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BBE,B,EHHE

23 MaR 1972r.npe3H_eHT COe_HH_HHblX WTaTOB AMepHKH PH4ap_IHHKCOH H H.B.

no_ropHblR, npe_ce_aTen6 npe3H_HyMa BepXOBHOrO COBeTa, no_nHcanH cornaLueHHe 0

CoTpy_HH4eCTBe B O6rlaCTH oxpaH61 oKpy>KaK_u_eRcpe_ Me_y COe_HH_HHbIMH

WTaTaMH AMepHKH H COIO3OM COBeTCKHX COU,HarlHCTHHeCKHX Pecny6nHK. CorrlauJeHHe

Kacanoc6 cneD.yK:)U_HX 06nacTe_t: 3arpR3HeHHe BO3_yxa; 3al'pR3HeHHe BO_,61;3aFpR3HeHHe

OKpy>KaK)U_eRcpe_6a,CBR3aHHOe C cerlbCKHM XO3HRCTBOM; yny4uJeHHeCOCTOHHHR

oKpy>KaIOUJ,eR cpe_,61 ropo_.os; coxpaHeHHe npHpo_6a H Co3_aHHe 3anoee_IHHKOB;

3al'pR3HeHHe oKeaHa; 6HOrlOI'H4eCKHe H I'eHeTH4eCKHe nOCrle£1CTBHR 3al'pR3HeHHR

oKpy_<aK)L_eRcpe_6i; BrlHRHHe H3MeHeHHR oKpy_aK)u_eRcpe_w Ha KrlHMaT; apKTH4eCKHe

H cy6apKTH4eCKHe OKOrlOI'HHeCKHe CHCTeM61, a TaK )Ke IOpHD,HHeC_(He H

a_MHHHCTpaTHBHble Mep61 no oxpaHe Ka4ecTBa oKpy>KaK)u_eR cpe_161.

Pa6o4aH rpynna VIII (PI" VIII), Co3_aHHaHnnH Hccne_OBaHHRnpo6neM6aBnHRHHR
H3MeHeHHR oKpy>KaK)u_eR cpe_61 Ha KrlHMaT, B HaCTORUJ,ee BpeMg BKrlIOHaeT ngT6

npOeKTOB: H3MeHeHHe KrlHMaTa; COCTaB aTMOCCI:)ep61;pa_HalJ, HOHHble nOTOKH;

KrlHMaTOrlOI'HR o6naHHOCTH H KrlHMaTHHecKoe Mo_erlHpOBaHHe; ynpaBneHHe O6MeHOM

_aHHblMH H cTpaToc_epHbIR O3OH. AnnapaT 3aMeCTHTenR nOMOILI,HHKa ceKpeTapg no

Me;_yHapO_HbiM HHTepecaM HaI_HOHanbHOI'O ynpaBrleHHg no H3y4eHHIO oKeaHa H

aTMOC_ep61 RBrlgeTCg KOOp_HHHpyloIJJ,HM opI'aHOM _ng npOeKTOB PI- VIII B CWA, a e

661BWeMCCCP OTy pon6 BblnorlHgrl I-ocy_apCTBeHHblR KOMHTeT no FH_pOMeTeoporlOI'HH,

peopFaHH3OBaHHblR B POCCHRCKOe _e_epanbHoe aI'eHTCTBO no rH_pOMeTeoponol'HH.

Ha4HHaHc 1990r., _eHTp aHanHsaHH_OpMaL_HHno yrneKHcnoMyrasy (_AH) aKTHeHO
y4acTByeT 13npoeKTe PI- VIII no O6MeHy _,aHHblMH.

Y4acTHe_AH B _eRTenbHOCTH PI- VIII ycHnHBaeTCH y4acTHeM L_eHTpa B npol-paMMe

KOrlHHeCTBeHHble CBR3H, pearlH3yeMo_ no HHHU,HaTHBe MHHHCTepCTBa 3HepI'eTHKH CWA B

paMKaX Hay4HO-HCCne_,OBaTenbCKOR nporpaMMbi no rno_anbHblM H3MSHeHHRM

(USDOE/GCRP). Y4acTHe _AH e npOl'paMMe COCTOHT B npe_oCTaBneHHH

OTKOHTpOrlHpOBaHHblX MaCCHBOB D,aHHblX, HeO_XO_HMblX _rlR KOrlHHSCTBeHHOI'O OrlHCaHHR

CBR3H Me>K_y H3MeHeHHRMH COCTaBa aTMOC_epbi H H3MeHSHHRMH KnHMaTa. _nR

BblnOrlHeHHR OTOR 3a_a4H LLAHCOTpy_HH4aeT C HCCrle,D,OBaTerlbCKHMH yHpe)KD,eHHRMH B

_61BUJeM CCCP, BblnOrlHRR pa6oTy no nOHCKy, _OKyMeHTHpOBaHHIO H KOMnOHOBKe

BbI6OpO4HblX MaCCHBOB _aHHblX B BH_e naKeToe U,HCI:)pOBblX_aHHblX (nLJ,_) LLAH. B 1991 r.

_AH onySnHKoBann_j_ no KOHU,eHTpal4HHaTMOCCI:)epHoI'OyFneKHcnor'oI-a3a,
H3MepeHHOI'O no 6arlOHHblM o6pa3u, aM, OTo6paHHblM Ha COBeTCKHX CTaHU,HRX

(ORNL/CDIAC-51,NDP-033),KOTOpblR _61rl rlO_l'OTOBneH TOMaCOM A. 6oy_eHOM,

COTpy_HHKOMIJ,AH Ha OCHOBe _aHHblX, npe_ocTaBrleHHblX A.M. 5poyHUJTeRHOM,

E.B.(baSepoM H A.A. WaWKOBblM, COTpy_HHKaMH I-rlaBHOR r'eocI::)H3HHeCKORo6CepBaTOpHH

(CaHKT-NeTepSypr, POCCHH).B 1993 rosy L_AHony6nHKoeannL_ "CyTo4H6ie_aHH6=eno
TeMnepaType H oca_,KaM no 223 CTaHLtHRM CCCP" (ORNL/CDIAC-56, NDP-040),
no_r'OTOBrleHHble PaccenoM C. BocoM,CoTpy_,HHKOM L[AH, H " BOCbMHCpO4Hble _aHHble

no TeMnepaType H oCa_KaMno 223 CTaHL_HHMCCCP" (ORNL/CDIAC)-66, NDP-048),
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no/:ir'OToBneHHbleJ_eRnoM KaR3epoM, CoTpy_HHKOM LIAH. J_n_ 060_x H3_aHHR _aHHble
6birth nperlocTaBneHba B.H. Pa3yBaeBbIM, E.I-. AnacoBoR, H P.A. MapTyraHOBbIM,
CoTpy/g.HHKaMHHayHHO-HCCne_OBaTenbCKOr'OHHCTHTyTa r'HD,pOMeTeoponOF'HHeCKOR
HH_OpMaL_HH(OSHHHCK,POCCHR).U,AH TaK_e npHHHMan y4_HblX H3 POCCHH,a y_Hble
U,AH, B CBOK)o_epe_b, noce_anH Feoc_H3H_ecKHe HayHHO-Hccne_oBaTenbcKHe
yNpe_K_eHHRH U,eHTpbl _aHHblX B PoccHH.

LI,AH HanpaBHn 0630p 172 yHeHbIM B 11 CTpaaax, B KOTOpOMco_ep_Kanacb npocb6a
npe/).nO)KHTb MaCCHBbl_aHHblX, npe/g,CTaBnRK)LU,He Oco6yK) U,eHHOCTb/).nR

KOnHHeCTBeHHOFOOnHCaHHRCBR3eRMe)K/3,yH3MeHeHHRMHaTMOCC_epHoRXHMHH,
pa/),HaU,HOHHOr'O0anaHca 3eMnH H KnHMaTa H KOTOpbleMano HcnOnb3OBanHCbB cHny

pa3HblX npH4HH: H3-3a npo6neM /),OCTynHOCTH_aHHblX, HX cna60_ _IOKyMeHTHpOBaHHOCTH,
nnoxoFo KaNeCTBaHnH C_aKTH'-IeCKOFOHX OTCyTCTBHR;npH _)TOMHX MO)KHO6blnO

CKOMBOHOBaTbH3 HMelOLU,HXCRpa3po3HeHHblX MaCCHBOB.6blnO npe_no_KeHo 00nee CTa
MaccHBOB_aHHblX, oXBaTbIBaK_LU,HX caMble pa3HooSpa3Hble 05nacTH: OT MaCCHBOBno
KnHMaTy H KpHoc_epe jo.oMaCCHBOBnpH3eMHblX J:laHHblX,no noKpOBy 3eMnH, Bki0pocaM H
KOHLleHTpaLI,HH Manb_x r'a3OBblXCOCTaBnRIoUJ,HX. 3Ta paSoTa H nocne_oBaBuJee 3a Hei_
00cneD.oeaHHe noKa3anH, NTO _nR yH6HblX, pa6oTaK)uJ,HX B 3TO_ oSnacTH, HaH6onbuJHR
HHTepec npe/3.CTaBnRK_Tcne/).yK)_He HanpaBneHHR:3Hepr'eTHNeCKVI_6anaHc noBepXHOCTH
3eMnH, o6na4HOCTb, aopo3onH H MO/J,enH O6UJ,e_ u,HpKynRLIHH.

HTOSSi y/g,OBneTBOpHTbHHTepecbl yH_}HblXB 3THX _eTs_pex 06nacT_.X, LlAH H
BcepoccH_CKHR Hay_HO-Hccne_OBaTenbcKH_ HHCTHTyT r'HJ0.pOMeTeoponorHHeCKOR
HH_OpMau,HH-MHpoBo_ _eHTp _aHHblX (BHHHFMH-MLlJ]) O6HHHCK,POCCHR,pa3pa6oTanH

COBMeCTHbI_npOeKT no CO3J),aHHIOcepHH _ByR3blHHblX5HSnHorpac_H_eCKHX nySnHKaLlHR
pyCCKOR3biHHbiXpaSoT, KOTOpble paHee He nepeBo_lHnHcb Ha aHFnH_CKH_ R3blK. ['IpOeKT
BKnK)_an KOMaH/:IHpOBaHHeKaponHHsl PaBHHO_, nepeeo_l_HL_l H_ BHHHFMH-MUJ_, B I.IAH

_n_ pa6oTb_ Ha_ nepeso_oM nySnHKaLlH_. _AH H BHHHFMH-MLU_ 6bmo TaK ;,:e peuJeHO
npoBecTH TeCTHpOBaHHeH oU,eHKy HOBOrOMaTeMaTH_iecKor'o oSecneHeHH_, OCHOBaHHOFO
Ha nepcoHanbHoR 3BM, no nepeBo_y c pyCCKOrO R3biKaHa aHrnH_CKHR. FlepBoR
ny6nHKau,ye_, _BHBLUe_C_pe3ynbTaTOM npoeKTa 6bin OT_ST "Bbl6opoHHble aHHOTaL_HH

pyCCKOR3bI_IHblXny0nHKalJ,Hl_ no H3MeHeHHRMKnHMaTa: 1. RpH3eMHblR3Hepr'eTHHeCKHR
6anaHc (ORNL/CDIAC-57; Proceedings, RIHMI-158), nepeBe_SHHbl_ KaponHHo_ PaBHHO_,
no_lrOTOBneHHbi_ K ne_aTH Mapeen 6_pTHC (3anpocb_ Ha OTHeTb_MO)KHOHanpaBnRTS no

a_pecy: Oak Ridge National Laboratory, P.O. Box 2008, Oak Ridge, Tennessee, 37831-
6335, USA). HacTO_LLIH_OT_T no o6na_HOCTH _Bn_eTCR BTOpblM B cepHH. Ha_eeMcR B
5y_yllleM BblnyCTHTb OTNeTbl no a3po3OnRM H Mo_en_lM O0UJ,e_ LIHpKynRu,HH.

CSOpHHK BKnK)_aeT pyccKyK) nHTepaTypy, paHee He nepeBo_HBuJyK)c_ Ha aHr'nH_CKH_
_3b_K.HHTaTenb TaK >KeMo>KeToSpaTHTbC_ K >KypHanaM "Soviet Meteorology and
Hydrology" H "Atmospheric and Oceanic Physics", npe_cTaBnRK)UJ,HM C060_ nepeBo_
_KypHanoB "MeTeoponorH_ H rHnponorH_" H "¢H3HKa aTMoc_epbl H oKeaHa",
COOTBeTCTBeHHO.
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Bnaro apHocTH

OT HMeHH LleHTpa aHanH3a HH_OpMal4HH no yrneKHcnoMy ra3y (_AH) H BcepoccHRcKoro
Hay4Ho-HccneAoBaTenbcKoro HHCTHTyTa rH_poMeTeoponorHHecKoR HH_opMaL_HH -
MHpoBoro L_eHTpaAaHHblX (BHHHI-MH-M_n), KaponHHbi B. PaBHHORH Mapsen B. 58pTHC

xoTen 6hi no6naro_,apHTb Tex, KTO npBMO HnH KOCBeHHOco_e_CTBOBan BblnycKy
OTH_Ta.

3TO Py_onb_ Pe_TeH6ax (BHHHI-MH-M_) H Po_ _>KeHHH(Hau,HoHanbHbl_ U,eHTp
aTMOC_epHblX HccrleD.OBaHHgl,5oyn_ep, Konopa_.o), RBrlRIOLLLHecRpyCCKHM H
aMepHKaHCKHMpyKOBO,I_HTerlRMH,OTBeTCTBeHHblMH3a O6MeH /3,aHHblMHB paMKaX
Pa6o4e_ rpynnbl VIII, pa6oTaK)uJ,e_ B paMKaX _ByCTOpOHHeI'OCOI'nauJeHHR,no_ :)I'H,O,O_
KOTOpOI'O6blrl BblnyW,eH HaCTORLIJ.H_OTHiJT.

E)o6 3TKHHC H PeHe TaTaCKO, COTpy_HHKHannapaTa 3aM6CTHTeflH nOMOUJ,HHKa
ceKpeTapg no Me)K/:IyHapO/3,HblMHHTepecaM Hau,HoHanbHor'oynpaBneHHR no H3y_IeHHIO
oKeaHa H aTMOCCl:)epblMHHHCTepCTBaTOpr'oBnH CILIA (BawHHr'TOH,O.K.), KOTOpbleB
3Ha_lHTerlbHOl;tcTeneHH CO,O,el;tCTBOBanHHayNHoMy O6MeHy H O6MeHy BH3HTaMHMe)K_y
POCCHe_ H CoeP.,I,iH_HHblMHIIITaTaMH no,l:],31"H_OI;1Pr" VIII.

norlb KaHCHpyK, COTpy/:IHHKOT,o,erleHHg HayK 05 oKpy)KaK)uJ,e_ cpe_e, pyKOBO_iHTenb
npor'paMMbl aHarlH3a HHC_:)opMaiJ,HH OKpH_)KCKOI_IHaU,HOHanbHOI;Ina6opaTOpHH, 6blBLUHI_I
_HpeKTOp LJ,AH, KOTOpOMynpHHa_rle)KHT 3acrlyr'a HenocpeJ3.CTBeHHOI'OsoBneHeHHgLJ.AH
S pa6oTyPr" VIII H yCTaHOBrleHHRKOHTaKTOBMe)K_yU,AH H pO_CTBeHHblMH
opI'aHH3aU,HRMHB POCCHH.

B.T.Pa,o,K)XHH,A.M.CTepHH, 5.1".IllepcTIOKOB, HayHHblepeu,eH3eHTbl;E.n. 6enoyc H
T.H. Cepe6peHHHKOBa, COCTaBHTerlH6H6rlHoI'pa_HHeCKOI'O C6OpHHKa,CoTpy,o.HHKH
BHHHFMH-M_J_.

_e_n Ka_3ep,CoTpy_HHKLI,AH, BblnonHHSLUH_HayHHoeperlaKTHpOBaHHeaHrnH_cKoro
TeKCTape_epaToB;J3H_H_KoppHnn,CoTpy_HHL_aoT_ena TeXHHHeCKHXny6nHKaL_H_,
pe_aKTOp aHrnOR3b_HHOrOBapHaHTa ny6nHKaU,HH; (bpe_ CTOCC, KOTOpbl_ noMor
no_rOTO6HTb 3¢KH3 o_opMneHH_ OTH6Ta; _e_MH PHq, CoTpyrIHHK OTrlena rpa_HKH
OPHJ'I,BblrlOrlHHBUJHI;I3CKH3o6nO:>KKHCOBMeCTHOC (bpe_oM CTOCCOM.

TOMMH HenbcoH, CoTpy,o.HHKU,AH, KOTOpblRonpe_enHn napaMeTepb_ o6opy_oBaHHR H
MaTeMaTHHeCKOI'Oo6ecneHeHHg, Heo6XO_HMble /3.rigBblnOrlHeHHRnepeBo_a c nOMOUJ,blO
3BM H BblnyCKaHaCTO_ILU,eI'O OTHi_Ta;,[_OH J'lyH T3MMH Yal;IT, TaK)Ke CoTpy,o.HHKHLI,AH,
KOTOpble oTna)KHBanH H ConpoBO)KJ3,anHnpor'paMMHOe o6ecneHeHHe.

H, HaKOHeU,,R xoTerl 6hi Bblpa3HTb OCO_ylO6rlar'o_apHOCTb J'IHHePaBHHO_,KOTOpaRHe
TOrlbKOBblnOrlHHnanepeBo_ ny6rlHKal.tHH, HOTaK)Ke Cbll-parla Ba_HylO porlb B CO3/3,aHHH
cepHH r '6nHKaU,HI;t:no_6ope rlHTepaTypbl, norlyHeHHH KOHCyrlbTaTHBHORnOMOUJ,H
Be,o,yuJ,HX cneu,HarlHCTOBB COOTBeTCTByK)uJ,eR o6nacTH, npH nnaHHpOBaHHHCo_ep)KHMOr'O
H BO BHeUJHeMOCI:)OpMrleHHHCepHH. E_e3e_ yHaCTHRCO3,13,aHHecepHH 6blrlo 6hi
HeBO3MO)KHO.

Po6epT M. KyWMaH
_HpeKTOp, U,eHTp aHanH3a HH_OpMaU,HH no yrneKHcnoMy r'a3y
_lHBapb 1994
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np_MO_pa_,Hau,HHnepHcT6OMHo6naKaMH 1 The average attenuation of direct
(Ci, Cc, Cs) 0nH3KO K HeglTpanbHOIviy H
COCTasnReT,o,nRCi 12-14%, Cc - 10-14%, Cs radiationby cirrus(Ci, Cc, Cs) is closeto neutral;amountsto 12-14% for Ci,
- 23-24%, a _n_ Bcex CI:)OpMo6naKos - 10-14% for Cc, 23-24% for Cs, and
13-15%. 2) onTH4ecKafaTOnLU,HHanepHCTblX
o6naKoB npeB6iwaeT aopo3on6HyK)HnH 13--15% for all cloud types.
cpaBHHMaC He_. 3) HaH0oneecHn6HO(B 2. The opticalthicknessof cirruseither

exceeds that of aerosolsor iscpe_,HeMS 1,6 pa3a) npH o6naKax sepxHero
_pyca so3pacTaeTpacce_]HH_E)HKP.(I)AP comparable with it.
ysenH4HsaeTcRHa 14%, a YCP nOHH;)KaeTcR 3. The diffusion of CIR increases most (by
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4) ocna6neHHe CyMMapHo_pa,qHau,HH scattering for the whole solar spectrum
cnnowH61MnOKpOBOM o6naKOB BepxHero increases on the average of 35%.
_pyca S cpeP,HeMCOCTaBnReT4-6%. J_n_i 4. The attenuationof total radiationby
Bcex cneKTpanbHbtXo6nacTe_, 3a continuousupper-air clouds averages
HCKntO4eHHeM BVIKP, OHOconocTaBHMOC 4--6%. For all spectral ranges except for
BnHRHHeMMyTHOCTH aTMOCCl:)ep6t._nR CIR attenuationis comparablewith
E)IAKPOCI:)CI::)eKTBnHRHHR o6naKoB atmosphericturbidity.The effect of
npeBocxo_HTBnHRHHea3po3one_, clouds on CIR e):ceeds that of aerosols.
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Algorithms and a software package for
Pa3pa6OTaHb=anropHTMbl H naKeT nporpaMM computing moments of density and
pac4eTa MOMeHTOSnnOTHOCTe_ H CI:)yHKU,HlPl distribution functions as well as correlation
pacnpeD,eneHHR, Koppen_u,HOHHblXMaTpHU,H matrices and regression lines were
nHHI41;Iper'peccHR _,nR CTaTHCTHNeCKOI'O developed for statistical analysis of
aHanH3a xapaKTepHCTHK o6naHHOCTHno cloudiness characteristics on the basis of

,QaHHblMMe>K_lyHapo,o,Hor'o :_KcnepHMeHTa FGGE data. Seasonal-geographical
FGGE.nocTpOeHbi ce3oHHo-reor'pac_H4ecKHe patterns of cloud amount and cloud top
pacnpecteneHH_l6arlnbHOCTH H BblCOT height distribution over the continents of
sepxHeR r'paHHU,_,lO6.qaHHOCTHHa,O. the globe have been constructed. It was
KOHTHHeHTaMH3eMHor'o wapa. YCTaHOBneHo, established that cloud amount and cloud

HTO pacnpe_erleHHe 6arlrlbHOCTH H BblCOT top height distribution over continents can
BepxHeR rpaHHU,bi o6naHHOCTHHa_l be approximated by the log-normal law.
KOHTHHeHTaMHMO_eT 6blTb The approximation was made by the
annpoKCHMHpOBaHOrlorapHc_MH'.IeCKH- Kolmogoroff test at a significance level of
HOpMarlbHblM3aKOHOM.AnnpOKCHMaU,Hfl 0.95. The data can be used for
npoBe£1eHano KpHTepHIO KonMor'oposa Ha
ypOBHe3HaHHMOCTH 0,95. 3TH P,aHHble transcribing satellite data resulting from
MOryT 6blTb HcnOrlb3OBaHbl ,l:l.rlR remote sensing in the visible range.
paCWH_pOBI<HcnyTHHKOBORHHCI:)opMaU,HH
npH ,I:],HCTaHU,HOHHOM3OH,D,HpOBaHHH3eMrlH B
OnTHHeCKOM,o,Hana30He.
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C IJ,erlblO H3yqeHHfl cTpyKTypbl O6rlaKOBno To study cloud structure from radio
3HaNeHHflMHX pa,D,HOKOHTpaCTOB contrasts, radio emission of the
HCCrle,O,OBaHOpa,o,HoH3ny_eHHe aTMOCC_epbl atmosphere in the zenith at wavelengths of
B 3eHHTe Ha J::I,nHHaX BOrlH0,8 H 1,35 CM a 0.8 and 1.35 cm was investigated in the
TponHHeCKOR3OHe ATnaHTH'-IeCKOrOoKeaHa Tropical Atlantic in March-July 1985
B MapTe-HK_rle 1985r. (41-RpeRcHHC (Cruise 41 of the Research Vessel
"AKa_. Kyp'4aTOB"). no nony4eHHbaM ACADEMIC KURCHATOV). Maximum
npocl:)HrlgMpa_,HORpKOCTHblXT-p ,clnR values of cloud contrasts and the extent of
KOHBeKTHBHblXo6naKoB (0) onpe_,erleHbl cloud formations were determined from
MaKC. 3Ha_eHHfl O0rlaHHblXKOHTpaCTOBH profiles of radio brightness temperatures
npOT_:eHHOCTb o6na4HblX o6pa3OBaHHl_, obtained from convective clouds. Over two
6onee 2./3 H3 95 paccMoTpeHHblX o6na4HblX thirds of 95 cloud formations considered



oOpa3oBaHHRHMenHr'opH3OHTanbHyIO had a horizontal extent of less than 3 km.
npOTR_eHHOCTbMeHee3 KM.FIpH_nHHe About 90% of clouds observed with the
BonHbi1,35 CMHaOnK_.o,anocb OK.90% 1.35-cm sounder had maximum contrasts
oOnaKoBC MaKC.KOHTpaCTaMHHe 6onee up to 30 K, whereas 60% of those
30 K. np ,_nwHeBOrlHbl 0,8 CMB _THX observed with the 0.8-cm sounder fell
npe,o.enaxOTMe4eHO60% oOnaKoB.MaKC. within this range. The maximum values of
3Ha_eHHRoOna_HblXKOHTpaCTOBHa ,o,nHHax cloud contrasts with wavelengths of 0.8
BOnN0,8 H 1,35 CMcoBna,o,anw no BpeMeHH,a and 1.35 cm coincided in time and their
Hx OTHOLUeHHRH3MeHRnHCbBnpe,o,enax ratio ranged from 1.2 to 3. Greatest
1,2-3.HaHOonbwHeKOHTpaCTbl6bmH contrasts were characteristic of rain
xapaKTepHbl_nR 0 ¢ ai=,ana,o.eHHeMD,O)K,O,_. clouds.Values of integralwater vapor and
,D.nR HecKOnbKHX o6naHHblX o6pa3oBaHHR liquid water content increments in the area
npHBe,0,eHblBenH_WHblnpwpauJ,eHH_ of significant contrasts in comparison with
HH_'erpanbHoroco_ep)KaHW_SO,O,RHOrOnapa the backgroundare given for several cloud
H )KH,D,KOI;t BO_bl B o6naCTH 3HaHHTenbHblX formations.
KOHTpaCTOB no cpaaHeHHIO C Cl3OHOM.
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onpe,o,eneHH_KOn-Bao6naKOBpa3nH'4HblX approximating cloud amount for different
_OpM no ,o.e_HLIHTyTO_KHpocbaC y'-IeTOM cloud types. Factors that are taken into
B OT_erlbHblX cny,4a_x J_aHHbiXO T-pe account and can be used in the numerical
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cneKTpa - 8-13 MKM //PacnpocTp. OnTHH. Optical RadiationPropagationin Randomly
H3rlyH.B cnyHai_HOHeO/3,HOpO_,cperlax.- Non-homogeneousMedia. Tomsk.
TOMCK, 1988.C. 79-82. pp. 79-82.

npHBO_,RTCRpe3yrlbTaTbl TeopeTHHeCKHX H Results are given of theoretical and
3KcnepHMeHTarlbHblX HCCrle,O,OBaHHi;t BnHRHHR experimentalresearch on the influenceof
HanpaBneHHRH BenH'4HHblCKOpOCTH the magnitudeof clouddirectionand
,D,BH)KeHHRo6naKoB Ha B3aHMHylO velocity on the cross-correlationfunctionof
KoppenRu,HOHHyK:)_-U,HIO3HaHeHHI,TIRpKOCTH, the luminosityvalue measured in two



H3MepeHHblX C IioBepXHOCTH 3eMnH B ,O.ByX different directions from the Earth's
pa3HblXHanpaBneHHRX.rlpe_cTaBneH MeTO,O, surface. A method for determiningthe
onpe_eneHHRBeKTOpaCKOpOCTHo6naKOBno cloudvelocityvector from 8-13-pro-range
,QaHHblM pa,D,HOMeTpHHeCKHX H3MepeHHI;IB radiometer data is shown.The method is
o6naCTH cneKTpa 8-13 MKM.MeTO_ applicable both at night and in the daytime.
npHMeHHM KaK B HOHHOe, TaK H B /:3.HeBHOe
speMR CyTOK.

AnneHoe M.14.,ByrraKoe B.I-. Allenov, M. I., and V. G. Bulgakov. 1981.
CTaTHCTH_IecKaR cTpyKTypa _CI:)C_eKTHBHblX The statisticalstructureof effective
TonuJ,HHnon_ KyHeBblX o6naKoB. "Tp. I/IH-Ta thicknesses of a cumulus cloud field. Proc.
OKcnepHM.MeTeopon.roc. KOM.CCCP no Inst.Exp. Met. U.S.S.R. State Comm.
rH_,poMeTeopon.H KOHTpOnlO npHpo_Ho_ Hydrometeorol.ControlNat. Environ.
cpe_b¢', 1981.N 10/84.C. 49-56. (10)84:49-56.

Hccnep.yeTc_ CTaTHCTH4eCKaR cTpyKTypa The statistical structure of the effective
3CI3cI3eKTHBHblX TonuJ, HH non_lKyHeBblX thicknesses of a cumulus cloud field is
o6naKOB.I'lone MO/3,enHpyeTCRHa MaLUHHe investigated. The field is simulated on the
3BM EC-1050 MeTO,13,OMMOHTeKapno. ,13,alibi ES-1050 computer by means of the Monte
MOMeHTblH _H_Cl:)epeHu,HanbHbmCI:)-U,VtH Carlo method. Moments and differential
pacnperteneHH_3Ci::)cI3eKTHBHblX TonI.U, HH ,D,nR functions of the effective thickness
pa3nH_lHblX3eHHTHblXyrnoB H a6coniOTHblX distribution are given for various zenith
6annoB. angles and absolute amounts.

AHHKHHrLn. 0 BKna,o.epacceRHHOrO Anikin, P. P. 1989. On the contribution of
H3ny'4eHH_la cneKTpanbHoe nponycKaHHe scattered radiation to spectral transmission
nonynpo3pa4Hblx oSnaKos//Pa_Hau,, of semi-translucent clouds. Radiation
CBORCTBanepHCTblX o6naKOB. M., 1989.C. Properties of Cirrus Moscow pp
156-162. 156-162

npHBe£1eHblpe3ynbTaTbl pac4eTOBBKna_a Results of computing the scattered
pacceRHHOrOH3ny'-IeHHRnpH H3MepeHH_IX radiation contribution from measurements

cneKTpanbHoro nponycKaHH_conHe,_Horo of solar radiation spectral transmission PA
H3ny4eHHRP_ nonynpo3pa4HbaXnepHCTblXH are given for semitranslucent cirrus and
_pyrHx BH,QOB o6naKoB. H3MepeHHRPx other cloud types. Measurements of PA
npoBO_HnHCbHa 3BeHHrOpoP,CKO_Hay4HO_ were carried out at the Zvenigorod
6a3e H(:bAAH CCCP annapaTypo_ c ManblM Research Stationof the Instituteof Physics
yrnoM nonR 3peHHR((Z_15'). _nR of the Atmosphere of the Academy of
HecKOnbKHXMo,o,eneR ne_RHblXo6naKOB, Sciences of the USSR using instruments
COCTORUJ,HX H3 C_epH'4eCKHXHaCTHIJ, with a small angle of view ( a = 15').
pa_HyCOMR = 10, 20, 30, 40, .50,75, 100, Indicatricesof diffusionwere calculatedfor
200 MKM, no cl:)-naM Mu 6birth BblHHCneHbl wave lengths,4equal to 0.6, 1.2, 2.1, 4.7,



HH_HKaTpHCblpacce_iHHRHa,O,nHHaXBOnH;i, and 10 pm for several models of ice clouds
= 0,6; 1,2;2,1; 4,7; 10 MKM.IAcnonb3oBanc_l consisting of spherical particles of radius
MeTO,D,CTaTHCTHHeCKOI'OMO,o,enHpoBaHH_I R = 10, 20, 30, 40, 50, 75, 100 and 200
(MoHTe Kapno). BenHHHHbanOTOKOB, pm by usingthe Mie formulae. The Monte
pacCHHTaHHble MeTO,0,OM MOHTe Kapno, T.e. Carlo statistical modelling method was
c y4eTOMMHOrOKpaTHOrOpacceRHHR, used. Fluxvalues calculatedby usingthe
CpaBHHBanHcbC pe3ynbTaTaMH, Monte Carlo method(i.e., taking into
nony4eHHbIMHno _-naM O,0.HOKpaTHOrO account multiple scattering) were
pacce_IHHR.Pac4eTbl npoao_,HnHCbC yHeTOM compared with the resultsobtainedby
KOHeHHblXpa3MepoaConHu,a. usingsingle-scatteringformulae. The

calculationstook into accountthe finite
OHH noKa3anH: 1) B BH,D,HMOR oOnaCTH dimensionsof the sun. They revealed the
cneKTpa_a)Ke c annapaTypoR,HMeiOuJ,eR following:
Manbl_lyron nong 3pertH,, _ng 4aCTHIJ,R > 1. It is necessary to introduce corrections
10 MKM Heo6xo,D, HMO BBO_HTb nonpaBKH, for particles with R > 10 pm taking into
yHHTblBalOLU,He BKna,QpacceRHHOrOCBeTa, account the contributionof diffusedlight
.QonOnHHTenbHOnona_,a_ouJ,ero BnpHeMHHK, that gets into the receiver in the visible
2) rln_ _ = 2,1 MKM3TH nonpaBKHHalO
BBO,D,HTb npH R > 30 MKM,a _nR _, = 10 part of spectrum, even with instruments
MKM- npH R > 100 MKM. 3) npH 6onbuJHX having a small angle of view.
pa3Mepax HaCTHI4Bo6naKax OnTHHeCKHe 2. For wavelengthsA = 2.1 ,:lm the
TOrlLU,HHblHeo6x0,0,HMO onpe_enRTb B correctionsare to be introduced with
HK-o6naCTHcneKTpa.4) ,o,nR 4aCTHU,C R > R > 30pro and for ,4= 10 pm with R >
10 MKM OnTH4ecKHe ,TOFILU,HHbl MON(HO 100 pm.

H3MepRTb npH _ = El,6MKMnpHeMHHKOM C 3. With large particlesizes in clouds,the
yrnoM nonR3peHHg10'. Ho npH 3TOM opticalthicknessis to be determined in
OnTHHeCKHe TOnLLI,HHbl o6naKa 6y,o,yT a ,0,Ba the IR part of the spectrum.

pa3a MeHbLUe. 4. For particleswith R > 10 pro, opticalthicknesscan be measured with,4 =
0.6 pm by usinga receiver with a 10°
view angle. This being the case, the
opticalthicknessof the cloudwill be
twiceas small.

AHHKHHn.rl., neTpymHHA.F., Tapacoea T.A. Anikin, P. P., A. G. Petrushin, and T. A.
OnTHHeCKHe xapaKTepHCTHKH nepHCTblX Tarasova. 1989. Optical propertiesof
o6naKOB //Pa_,Hau,. CBOI,;ICTBanepHCTb=X cirrus clouds. Radiation Properties of
o6naKoB.M., 1989.C. 53-65. Cirrus Clouds. Moscow. pp. 53-65.

npHBo.O,RTCRxapaKTepHCTHKHpacceRHHRH Scattering and absorption characteristics of
nornouJ,eHHR:)neMeHTapHoroo6"oeMa the cirrusvolume element are given.
nepHCTblXo6naKOB.Hcnonb3OBaHblMO,0,enH Microstructure modelsof crystal medium
MHKpOCTpyKTypblKpHCTannHHeCKORcpeD,ba as a system of ice hexagonal prisms and
KaK CHCTeMbl ne/3,RHblX reKcaroHarlbHblX ice spheres witha certain size distribution
npH3M H ne,0,RHblX ccl:)ep c HeKOTOpblMH are used. Results of calculating optical
pacnpe,o,eneHH_MHno pa3MepaM,rlpH 3TOM characteristicsfor these models were
npoBe_eHoconocTaBneHHepe3ynbTaTOB compared and possibilitiesof using the



paC4eTOB OnTH4eCKHXxapaKTepHCTHK _nR calculations for ice spheres with certain
3THX MO,o,eneR H onpe_eneH61 BO3MO)KHOCTH effective radii were determined for
HcnOnb3OSaHHRpac4eTOe .qn_ ne/:lRHblX describing scattering of ice crystals.
c_ep c HeKOTOpbtMH3C_:)(:I:)eKTHBHblMH Scattering indicatrix normalized to
pa_HycaMH rlnR onHcaHHRpacceRHHR Ha scattering cross section is considered, with
ne,o.RH6iXKpHcTannax. PacCMaTpHBaeTcR special emphasis on calculating the
HOpMHpOBaHHaRHa ce4eHHe pacceRHHR following: "average cosine" of scattering
HH,D,HKaTpHCa pacceRHHfl. Oco6oe BHHMaHHe indicatrix (to be later used in solar
npH OTOM o6pauJ,,=.HOHa pac4eT cne,qylouJ,HX radiation flux calculations); rated radiation
BenH4HH:"cpe,o.Hero KOCHHyCa" flux falling on the spectral radiometer
HH,I::IHKaTpHC61pacceRHH_I (KOTOp61Ra receiving aperture as a result of single
,o,anbHeRweM Hcnonb3yeTcR npH pac4eTax scattering which is used for determining
nOTOKOBcorlHe4Hor'o H3nyHeHHR); cirrus optical thickness; and single
HOpMHpOBaHHOI'OnOTOKa H3ny4eHHR, scattering albedo.
nona,Qa_ouJ,ero npH O,D,HOKpaTHOMpacceRHHH
B npHeMHyIO anepTypy cneKTpan6Hor'o
pa£1HOMeTpa(Hcnonb3yeTcR p,nR
onpe,g,erteHHR OnTH4eCKORTOnLIJ,HHbl
nepHcTblX 06naKoB); anb6e,o,oO_HOKpaTHOr'O
pacceRHHR.
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Am4KHH ILrL, WyKypOB A.X. 0 nponycKaHHH Anikin, P. P., and A. H. Shukurov. 1989.
conHe4Horo H3ny4eHHR nepeCTbIMH On the cirrus solar radiation transmission.
o6naKaMH "//Pa,o,HalJ,.CBOI74CTBanepHcTblX Radiation Properties of the Cirrus.
o6naKOB. M., 1989. C. 100-108. Moscow. pp. 100-108.

npHBe_eH61 nony4eHH61eB pe3yn6TaTe The probability distribution of cirrus cloud
H3MepeHHR B Y_-, BH,O,HMOI;IB HK-o6nacTRx transmission and average transmission
cneKTpa nponycKaHHRConHe4HORpa,o,HaU,HH values obtained as a result of UV-, VIS-,
nepHCTbIMH o6naKaMH Ha 3BeHHr'OpOD,CKO_ and IR-measurements of solar radiation

Hay_IHORCTaH_HH (3HC)HOA AH CCCPa transmission by the cirrus at the
1978-1987 rr. pacnpe,cleneHHRBepORTHOCTe_ Zvenigorod Research Station (ZRS) of the
nponycKaHHRo6naKa H BenH4HHblcpe,o,Hero Institute of Physics of the Atmosphere in
nponycKaHHR,nepHcT61e o6naKa, 1978-1987 are given. Cirrus which are
Habn_o_aeMble Ha 3EC, s OCHOBHOMTOHKHe, observed at ZRS are basically thin and
nonynpo3pa4H61e, semitranslucent.



AHHKHHn.l'L, WyKypoe A.X. O Anikin, P. P., and A. H. Shukurov. 1986.
cneKTpanbHOM ocna0neHHH Hsny,4eHH_l0,3 - On the spectral attenuation of 0.3-12 IJm
12MKM o0naKaMH no _aHHbiM HaSeMHbiX radiation by clouds on the basis of ground
H3MepeHH_."OnTHKa aTMOCCI:)epblH based observations. Atmospheric Optics
a:)posonb". M., 1986. 150-154. and Aerosol. Moscow. pp. 150-154.

AHanH3HpyK_TC_ipe3ynbTaTba nponycKaHH_ The results of measuring the transmittance
TOHKHXKy'4eBblXH nepHCTbiX o6naKOB a of thin cumulus and cirrus clouds in

OT,O,enbHbiX yHaCTKaX _Hana3oHa cneKTpa 0, individual portions of the 0.31-12pm
31-12 MKM. 3KcnepHMeHTanbHble .D.aHHble spectrum range are analyzed. Observed
conocTaBnRtOTCR C paCHeTHblMH, rloKa3aHo, data are compared with calculations.
HTOB KOpOTKOBOnHOBO_o6nacTH cneKTpa Additional radiation attenuation is observed
cyw, ecTeyeT _ononHHTenbHoe ocna6neHHe both in cumulus and cirrus in the short-
H3nyHeHHRKaK S KyHeBblX,TaK H B
nepHCTblX o6naKax, wave region of the spectrum.

AHI_HH rLn., IllyKypoe A.X. O Anikin, P. P., and A. Ch. Shukurov. 1986.
cneKTpanbHOM nponycKaHHH KyNeBOi_H On spectral transmission of cumulus and
nepHcTO_Io0naHHOCTH no ,QaHHblMHa3eMHblX cirrus clouds from surface-based
H3MepeHHI_I."MaTep. 8 Bcec. CHMn. no observations. Proc. of 8th All-Union
pacnpocT, nasep. H3nyH. B aTMOC(:I:).LI.1. Symposium on Laser Emission
TOMCK, 1986. C. 107-110. Propagation in the Atmosphere. Tomsk.

Part 1, pp. 107-110.
CoCTaBneHbl OTHOCHTenbHbleOnTHHeCKHe

TonuJ,H KyHeBbiXH nepHCTblX o6naKOB no Relative optical thicknesses of cumulus
_aHHblM H3MepeHHR B o6naCTH cneKTpa and cirrus clouds are compiled from
0.3-12.2 MKM H pacHeTOB, noKa3aHa 0.3-12.2 pm range measurement data and
Heo6xO_HMOCTb yHeTa pacceRHHOrO calculations. For cirrus, the necessity of
H3nyHeHHR,o,nR nepHcTO_ o0naHHOCTH, taking into account scattered radiation is
Pa3nHHeH xapaKTep cneKTpanbHO_ shown. Spectral relationships between3aBHCHMOCTHOTHOCHTenbHOI,;IOnTHNeCKOI;I

TOnLU,H ,o,nR pa3nHHHblXTHnOBnepHcTblX relative optical thicknesses for different
o0naKOB, types of cirrus clouds are shown.

AHHCKHHJ'LB.,Ex)pOBHKOBA.A., nepcHN Aniskin, L. V., A. A. Borovikov, and S.
C.M. Hccne_oBaHHe H3MeHHHBOCTH BblCOTbl M. Persin. 1987. A study of cloud base
HH_Hel,;IrpaHHU,bl o6naKoB."Tp, rn. reo_Hs, height variability. Proc. Main Geophysical
o6cepB.", 1987. N 512. C. 92-107. Observatory. 512:92-107.

npHBo_IRTCgpe3ynbTaTbl HCcne_OBaHH_I The results of investigating cloud base
H3MeHNHBOCTH BblCOTbl HH)KHel;IrpaHHU,bi height variability are given based on
o6naKOB no ,QaHHblMaBTOMaTHHeCKHX automatic measurements taken every 15
H3MepeHH_IC uJarOM ,O,HcKpeTH3aU,HH 15C H and 1.5 s. The effect of different
1,5c. PacCMaTpHBaeTcR BnHRHHepa3nHHHbiX processing procedures on cloud base



npou,e,o,yp o6pa6OTKHHa xapaKTepHCTHKH height variability characteristics as well as
H3MeH4HBOCTH BHCO, BnHRHHe4aCTOT61 the effect of measurement frequency and
,QHcKpeTH3au,HHH nepHo_,aocpe_HeHHR Ha averaging period on extrapolation error are
nor'peLUHOCT6:)KCTpanonRu,HH. I']oKa3aHo, considered. Forecast error is shown to
4TOnoB6_uJeHHe4aCTOT61 ,O,HCKpeTH3aU, HH H decrease with higher observation
pau,HoHan6H61_BuOop ocpe_HeHH_ frequency and adequate choice of
no3Bon_eTyMeHbLUHT6 nor'pewHOCT6 averaging period.
nporHo3a.

AnpHaMaUJBHnHH.III., BaT6P,H M.P. Apriamashvili, N. Sh., and M. R. Vatyan,
Hccne_oBaHHenpoCTpaHCTBeHHO- 1987. Investigationof the space-time
BpeMeHHOFOpacnpe,o,eneHHRHeKOTOp61x distribution of some convective cloud radar
paP,HOnOKaU,HOHH61XxapaKTepHCTHK characteristics in East Georgia. Radar
KOHBeKTHBHORo6na4HOCTHBOCTO4HOR Meteorology: Materials of Methodological
Fpy3HH//Pa_,HonoKau,. MeTeopon.: MaTep. Center on Radar Meteorology of Socialist
MeTO,O,.U,eHTpa no pa_HonoKau,.MeTeopon. Countries. Leningrad. pp. 129-140.
cou,. cTpaH. ,q., 1987.C. 129-140.

Statistical characteristics of convective
no D,aHHblM paD,HOnOKaU,HOHH_,IXHa6nto,o,eHH_ cloud parameters (CCP) are studied on the
3a nepHo,o,anpen6 - OKTR6p61981-1984rr. basis of radar observation data for the
H3y_IaiOTCR CTaTHCTHHeCKHe period 1981-1984. Average and extreme
xapaKTepHCTHKHnapaMeTpoBKOHBeKTHBHOI,Tt values are determined for (1) the number
o6na4HOCTH(nKO).OnperleneH61cpe_HHe H of days and half days with CCP and (2)
3KCTpeManbHbie3HaNeHHR: 4Hcna ,O,Hel;tH the CCP system lifetime, taking into
nonycyToK c FIKO; npo_on>KHTen6HOCTH account monthly and diurnal variations.
cyuJ,eCTBOBaHH_CHCTeMFIKOc y_leTOMHX
ce30HHOr'oH CyTO4HOI'Oxo,o,a.

I IIIIIII

ApHCTOBaJ'I.FL,I"py3a F.B., Ka4ypHHaFI.P.O Aristova, L. N., G. V. Gruza, and L. R.
30HanbHblXOCO6eHHOCTRX CTaTHCTHNeCKOI;'t Kachurina. 1986. On zonal characteristics
cTpyKTyp61r'no6an6Hor'o nonR o6na4HOCTH, of global cloud field statistical structure.
"Tp. BHHH rHp,poMeTeopon. HH_). -MHpoB. Proc. All-Union Res. Inst. Hydrometeorol.
U,eHTp _aHHblX", 1986.N 126. C. 27-35. Inf. World Data Cent. 126:27-35.

PacCMaTpHBaIOTCRpe3ynl:,TaT61aHanH3a Results of cloud field zonal structure
3oHanbHOi;tcTpyKTyp61non_ o6na4HOCTH, analysis based on the 5 by 10 regular grid-
B61nonHeHHor'oC Hcnonb30BaHHeMapxHBa point data of the satellite global cloud
rno6an6H6iX ,QaHHblXcnyTHHKOBblX observation archive for 1966-1975 are
Ha6nlo,I:IeHHR 3a o6na4HOCT610 B y3nax considered. Zonal distribution data are
perynRpHoR CeTKH5X10° 3a 1966-1975rr. compared with data available in published
,I_aHHble O 30HanbHOM pacnpe,o,eneHHH sources, and the two seem to agree rather
cpaBHHBaK)TCRC HMelOUJ,HMHCRB well. Conclusions on space connections of
nHTepaType cBe_eHHRMH, _ITOnO3BOnReT clouds in various latitudinal zones and
cy,O,HT60 enonHe y,O.oBneTsopvITenl:,l-IOM hemispheres are drawn on the basis of



i

',,t,

cornacosaHHHCpaBHHBaeMblX ,O,aHHblX.Ha analyzing cross-correlation functions of
OCHOBaHHHaHanH3as3aHMHbtX cloud latitudinalmeans.
KoppenRLl,14OHHblX cI::)-U,HI_ cpe,o,HeUJHpOTHblX
3HaHeHHR o6naHHOCTH ,D,enaloTc_ BblBO,l::[blO

npOCTpaHCTBeHHblX CBR3RX o6naHHOCTH
pa3nHHHblXuJHpOTHblX3OHH nonyuJapHR.

I II

Ap)KeHeHKoH.H., E,OH,o,yp B.r'. Arzhenenko, N. I. and V. G. Bondur.
KnaccH_HKaU,HRo6naHHblX@OpMno 1988. Classificationof cloudtypes using
I/pOCTpaHCTBeHHblMcneKTpaMH306pa>KeHHR satellite imageryspectra. Atmos. Opts.

OnTHKaaTMOCCI:). 1988.-1, N 11,C. 38-45. 1(11):38-45

OnTHKO-U,H_poBaRo6pa6OTKaKOCMHHeCKHX Optical-digital processing of satellite
H306pa>KeHH;I,Bpe3ynbTaTe KOTOpOR imagery was carried out that yielded some
nony_eHbtHHCl3opMaTHBHble npH3HaKH ,D.nR informative characteristics for quantitative
KOnHHeCTBeHHOr'O aHanH3a ,D,ByMepHblX analysis of two-dimensional spectra of
npocTpaHCTBeHHblX cneKTpOB (no) various cloud types. Standard forms of
pa3nH_HblXo6na4HblXCI::)OpM.OnHcaHbl two-dimensional imagery are described.
THnOBbte CI:)OpMbl_ByMepHbtXI'IC H306pa>Ke- The analysis of statistical separability of
HHI;to6naHHOCTH,npoBe,QeHaHanH3 differentcloudtypes is undertaken on the
CTaTHCTHHeCKO_pa3,D.enHMOCTH basis of maximum criterionof Euclidean
o6naHHOCTH pa3nHHHblX rpynn no KpHTepHK:) distance in the five-dimensional space of
MaKCHMyMa eBKnH.QOBa paCCTORHHR B informative characteristics of space
nRTHMepHOMnpocTpaHCTBeHH_OpMaTHBHblX
npH3HaKOBtiC. spectra.

i;

6axuJ_u_r.l-. K Bonpocy O nonRpH3OBaHHOM Bachshyan, G. G. 1988. On the
H3nyHeHHH :)neKTpOMar'HHTHblX BOnH OT polarizationof electromagneticwaves by
:)neKTpOaKTHBHblX o6naKOB//(bH3, o6pa3, electricallyactive clouds.The physicsof
rpaj:l, npou,eccoB H aKTHB.BO3.D.el;.tCTBHI,T'IHa hail formation processes and physicsof
HHX:MaTep. Bcec. CeMHH.,Hanb'4HK,15-17 hailactive modification.Proc. of the All-
OKT.,1985. M., 1988.C. 32-38. Union Workshop. Nalchick. 15-17 October

1985, pp. 32-38.
r]oKa3aHo,HTOnpH HaCTHHHOM
npeo6pa3oBaHHH:)HepFHH MexaHHHeCKOFO Results show that when the mechanical
_BH)KeHHRo6naKOBB :)neKTpOCTaTH'_eCKyK) cloud motion power is partially transformed
npH onpe,o,eneHl-ibtxycnoBH9XBo36y)K_,aeTc_ into electrostatic power, under certain
3neKTpOMarHHTHOeH3nyHeHHe,KOTOpOe conditions electromagnetic radiation is
Bbi3BaHOBapbHpOBaHHeM BOBpeMeHH excited by time variations of the crystal
MHKpOJ:IHnOnR KpHcTannHKa npH nepeoxna)K- microdipole with the droplet overcooling.
_.eHHoRKannH.VI3ny_iaeMa_npH :)TOM The electromagnetic wave emitted in this
3neKTpOMarHHTHaRBOnHanonRpH3osaHa, case is polarized. Methods of remote
ripe_naraloTc_ cnoco6b__HCTaHLI,HOHHOFO measurements of the cloud parameters
H3MepeHHRnapaMeTpoBoSnaKa ( CKOpOCTb, (velocity, acceleration, electrostatic field
ycKopeHHe, HanpR>KeHHOCTb
3neKTpOCTaTHHeCKOrO nonR H T.,Q.). strength, etc.) are suggested.



6an6y_KHi_ H.M., 6punea r.6., KynHKOBa Balbutsky, I. M., G. B. Brilev, and G. I.
i".H. 3aBHCHMOCTbBblCOTBepxHHX rpaHHU, Kulikova. 1989. Dependence of the height
pa_.Hoaxa KOHBeKTHBHblXH of the radio echo top of convective and
cnOHCTOO6pa3HblXo6naKOB OT BblCOTbl stratiform clouds on the 0°C isotherm level.
ypOBHRHyneBoR H3OTepMbl. //Pa_HonoKau,. Radar Meteorology: Materials of the
MeTeopon.: MaTep. MeTO_,. u,eTpa no Methodological Center on Radar
pa,o,HOnOKaU,.MeTeopon. cou,. CTpaH. J'l., Meteorology of Socialist Countries.
1989. C. 42-46. Leningrad. pp 42-46

BbIRsneHbl 3aKOHOMepHOCTHyBenH,4eHH_ Regularities in the increase in the top
BblCOTBepXHHXFpaHHU,pa_Hoaxa height of radio echo of convective and
KOHBeKTHBHblXH cnOHCTOO6pa3HblXo6naKoB stratiform clouds with increasing 0°C
c pOCTOMBblCOTbl ypOBHR HyneBoR isotherm level are revealed. Data a;e
H3OTepMbl. nonyHeHbl ,QaHHbieO TOnLLI,HHe obtained on the thickness of the ov_r-

nepeoxna)K_eHHO_ qaCTH nHBHeR,rpoa H cooled part of downpour, thunderstorins,
o6nO)KHblX oca,o,KOBno ,O,aHHblMHa6nlO,D,eHHR and widespread precipitation by usinc_4
Ha MPFI r'MO MHHCKa BOBce Ce3OHblro,o,a

years of observations of the meteorological
no _leTblpexneTHeMy pg,Qy Ha6nloD,eHHR. radar of the Minsk Hydrometeorological

Observatory for all seasons.

III III

6an6yu, KHRH.IVL Pac,_eT nOBTOpReMOCTH Balbutsky, I. M. 1987. Calculation of
OCHOBHblX Cl:)opMo6naKOB no ,I_aHHblM major cloud type frequency of occurrence
COBMeCTHblXBH3yanbHblX H from data of combined visual and radar
pa,O,HOnOKaU,HOHHblXHa6rlIO,O,eHHR // observations. Radar Meteorology:
Pa_HonoKau,. MeTeopon.: MaTep. MeTO/:I. Materials of Methodological Center for
U,eHTpa no paD,HonoKau,. MeTeopon. cou,. Radar Meteorology of Socialist Countries.
cTpaH. J'l., 1987. C. 143-151. Leningrad. pp. 143-151.

AHanH3HpyK)TC_ BO3MO)KHOCTHCOBMeCTHOFO Possibilities for using a combination of
Hcnonb3OBaHHRBH3yanbHOr'OH visual and radar methods for studying
pa,o,HOnOKaU,HOHHOrOMeTO,O,OBD.n_ H3yqeHHR cloud pattern and calculating their climatic
pe)KHMa H pacqeTa KnHMaTHNeCKHX characteristics are given.
xapaKTepHCTHK 06naHHOCTH.
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6apaHos B.I-., 6oOunes FI.FL, ,[],osranloK Baranov, V. G., L. P. Bobylev, Yu. A.
IO.A., ,I],opo@eeB E.B., UJ,yKHH r.r. Dovgalyuk, Ye. V. Dorofeyev, and G. G.
LIHCneHHOeMo_enHpOBaHHe nepeHoca Shchukin. 1987. Numerical modelling of
pa_HoTennoaoro H3ny_eHHR B KOHBeKTHBHblX radiothermal radiation transfer in
o6naKax. "Tp. I-n. reo_H3, o6cepa"., 1987. convective clouds. Proc. Main Geophys.
N 508. C. 65-82. Obs. 508:65-82.

PaCCMOTpeHblBonpocbl nOCTpOeHHR Problems of developing numerical methods
MaTeMaTHHeCKOI'OannapaTa _,nR for mathematical modelling of microwave
HHCneHHOI'OMO/:IenHpOBaHHRnepeHoca radiation transfer in convective clouds are

MHKpOBOnHOBOr'OH3nyHeHHRB KOHBeKTHBHblX considered. Algorithms for the numerical
oGnaKax. I']pe_no)KeHbl anropHTMbl solution of the scalar transfer equation for
_HcneHHOFOpeLUeHHRcKangpHoro yp-HHR space-bounded media for the afore-
nepeHoca yKa3aHHoro H3nyHeHHRB mentioned radiation are suggested on the
npocTpaHCTBHHO-OrpaHHHeHHblXcpeJ_ax Ha basis of the Monte Carlo method. The

OCHOBenpHMeHeHHRMeTO,D,OBMOHTe Kapno. software developed includes a subroutine
Pa3pa6oTaHHbl_ KoMnneKC nporpaMM _nR for modelling a convective cloud and its
3BM BKnK:)HaeT6nOK Mo_enHpOBaHHR surrounding atmosphere, a subroutine for
KOHBeKTHBHOFO o6naKa H oKpy)KaK_LU,eR ero calculating its optical properties, and a
aTMOC(_ep_l, 6nOK BbI_HCneHHROnTHHeCKHX subroutine for performing a numerical
xapaKTepHCTHK H 6nOK HHCneHHOI'O solution of the radiothermal radiative
peLueHHRyp-HHR nepeHoca pa_HoTennoBoro
H3nyHeHHR,_nR nepsoro 6noKa transfer equation. A one-and-a-half-dimensional numerical model of a
Hcnonb3OBaHaHHcneHHaRnonyTopaMepHaR
Mo_enb KyNesO-_O)K_eBor'oo6naKa. 6hOE cumulonimbus cloud was used for the first
peuJeHH_ yp-HHA nepeHoca no3son9eT subroutine. The subroutine for solving the
pacc_HTblSaTb xapaKTepHCTHKH transfer equation can be used for
pa/3.HoTennoBoro H3ny_leHH_Ky_leBO- calculating radiothermal radiation
_O)K_eBoro o6naKa c yHeTOM pe_paKLtHH H characteristics of a cumulonimbus cloud,
MHOrOKpaTHOrOpaCce_IHH_pa_,HOBOnHHa taking into account (1) the refraction and
r'H_poMeTeopax, c_epHHHOCTH 3eMnH H multiple radiowave scattering on
_HarpaMMbl HanpaBneHHOCTHaHTeHHbl hydrometeors, (2) the Earth's sphericity,
paD,HoTennonoKaTopa. and (3) the radiation pattern of the

microwave radiometer antenna.

__ I I IIIII

6enos n.H., 6aXMaTOB A.E. Belov, P. N., and A. Ye. Bakhmatov.
XapaKTepHCTHKH o6naHHOCTHno 1988. Cloudiness characteristics from
CRyTHHKOBblM,D.aHHblM06 yXO_UJ, eM satellite outgoing radiation data and the
H3nyHeHHHH Ha OCHOBeMeTO,O,a parameterization method. Atmos. Opt.
napaMeTpw3au,HH//OnTHKa aTMOCCI3.1988. (1)10'.88-94.
1, N 10. C. 88-94.

Methods for determining cloud amount and

H3no_eHbl MeTO,13,blonpe_eneHH_ KOn-Ba cloud top height from satellite outgoing
o6naKOB H BblCOTbl HX BepXHeR FpaHHU,bl no radiation data are given, as well as a
,ElaHHblMO6 yXO_RLU,eM H3nyHeHHHCO method for cumulus convection
cnyTHHKOBH MeTO/3,napaMeTpH3au,HH parameterization that makes it possible to
Ky_IeBORKOHBeKIJ,HH, no3aon_K:)U.l,eR calculate cloud top height, cloud amount,
pacc_HTblSaTb eblCOTy aepxHe_ rpaHHu,bl and heat influx due to water phase

I|



oenaKos, KOn-BOoca_KOS H npHTOKHTenna transitions. Cloud amount and cloud top
_a3OBblX nepexo_oa enarH. I']pOBO_TCR H height maps are given and analyzed, as
aHanH3HpyK_TC_KapTbl KOn-Ba oenaKoe, well as diagrams of the cloud amount
BblCOTbaHX eepxHe_ r'paHHU,bi, r'pacl:)VtKH structural function and tables of cumulus

cTpyKTypHo_ c_yHKU,HH KonH_eCTBa oenaKos convection parameters calculated by the
H Ta6nHu,bl napaMeTpoB Ky'4esoR KOHBeKU,HH parameterization method.
paCCHHTaHHbleMeTOJg,OM napaMeTpH3aU,HH.

6enoa PL(b., Bopoebee 5.M., KaMuuJaHoea Belov, N. F., B. M. Vorobyov, V. A.
B.A., XoTeHoea T.B. AoponorH,_ecKHe Kamishanova, and T. V. Khotenova.
ycnoBHR pa3BHTHRBHyTpHMaCCOBblX 1988. Upper-air conditions for the
KOHBeKTHBHblXoenaKoB B paRoHe development of intermass convective
J"leHHHrpa_.a//Tp. I"n. reoc_H3, oecepe, clouds in the Leningrad area. Proc. Main
1988.-Bbln. 517. C. 108-115. Geophys. Obs. 517:108-115.

I'lpe_cTaBneHbl pe3ynbTaTbl Hccne_OBaHH_ Results of studying physical and
(:I:)H3HKO-MeTeoponorH_-IeCKHXyCnOBHR meteorological conditions of intermass
pa3BHTHRBHyTpHMaCCOBORKOHBeKU,HH B convection development in the Leningrad
p-He J'leHHHl'pa_a, or'paHHHeHHOMpa_HyCOM area are given within a radius of 40 km of
40 KM OT 6nH>KaRwet'o nyHKTa the nearest radiosonde observation point.
pa,O,HO3OH,O,HpOBaHHR.B Ka'-IecTBe Ten various hygrometric and
aHanHgHpyeMblX napaMeTpoa 6bmo thermodynamic charaC_,eristics of the
Hcnonb3OBaHO10 pa3nHUHblX atmosphere were used as parameters.
r'HrpOMeTpHUeCKHXH TepMo,O,HHaMHUCKHX These were analyzed for days with
xapaKTepHCTHK aTMOC_epbl RnR _HeR C thunderstorms, downpours, and convective
rpo3aMH, nHBHRMHH pa3BHTHeM clouds development to cumulonimbus
KOHBeKTHBHblXo6naKOB ,130CTa,QHHCu cong. stage. Results show that none of the
noKa3aHO,HTOHH O,I_HHH3 paccMoTpeHHblX parameters considered can serve as an
napaMeTpoB He Mo;_eT cny>KHTb unambiguous criterion for identifying the
OD,HO3HaHHblMKpHTepHeM pas_,eneHH_ Tpex three basically different stages of the
cyuJ,eCTBeHHOpasHbaXCTa,O,HR MaKC. convective development.
pa3BHTHRKOHBeKU,HH.

J I __ I I

6HHeHKo B.H. Hany,4aTenbHaR cnocoeHOCTb Binenko, V. I. 1985. Cloud radiating
oenaKoe. "Tp. Fn. reo_Hs, oecepa.", 1985. N power. Proc. Main Geophys. Obs.
489. C. 24-27. 489:24-27.

PacCMaTpHeaeTcR 3aBHCHMOCTb The effect of cloud thickness on the
HanpaaneHHORH3nyuaTenbHoR cnocoeHOCTH emissivity of low-, mid- and high-level
o6naKoa HH)KHeFO,cpe_Hero H BepxHero clouds is considered.
_pycoe B pasnH_HblX reorpa_H_ecKHx
paRoHax OT MOUJ,HOCTHo6naKoB.
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E)o6b4neBII.I'L, _[opo_ee8 E.B., MaTpocoB Bobylev, L. P., Ye. V. Dorofeyev, S. Yu.
C.IO., I.U,yKHHr.r. OLI.eHKa:3C_C_eKTOB Matrosov, and G. G. S Shchukin. 1988.
pacceRHHRpa_HoTennoBoroH3ny4eHHRB Evaluatingthe effect of scatteringon
o6naKax H oca_.Kax.//_oKn. AH CCCP. radiothermalradiationtransfer in clouds
1988.299, N 4, C. 845-847. and precipitation.Rep. Acad. of Sci, USSR

(299)4:845-847.
rlpoBe,o,eHoHCcne,o,OBaHHeBnHRHHR
pacceRHHRHa nepeHocpaD,HoTennoBor'o The effect of scatteringon radiothermal
H3ny4eHHR(PTH) rln_ _ByX peanH3yloI.U,HXCR radiation(RTR) transfer is studiedfor two
BaTMoc@epe CHTyaU,HR:1) CnOHCTO- atmospheric patterns: (1) Stratocumulus
_O;_eBblX o6naKoB,Co_,ep)KaUJ,HXKpynHble clouds containing large droplets and (2)
KannH;2) MOM.I,HblX KOHBeKTHBHblXo6naKOB, powerfulconvectivecloudswhich have
,O,OCTHrlJJHXB CBOeMpa3BHTHH CTa,I_HH reached the stage of large droplet
noRBneHHgKpynHblXKanenb.Mo,o,enbHble formationintheir development. Model
pacHeTblnoKa3anH,HTOBnHRHHe 3C_CI:)eKTOB calculationsshowedthat the effect of
paCCeRHHRHa PTH CyLu,eCTBeHHO3aBHCHTOT scatteringon RTR largely depends on the
_nHHbl BOnHbl, HHTeHCHBHOCTH ,QO_,I3,RH wavelength, rain intensity, and convective
CTa,QHHpa3BHTHR KOHBeKTHBHOI'O 06naKa. clouddevelopmentstage. A decrease in
YMeHbLUeHHe06Lu,ero PTH, Bbl3BaHHOe the total RTR caused by multiple scattering
MHOrOKpaTHblMpacceRHHeM,Mo)KeT can amountto 20 K. These effects must
_OCTHraTb 20 K. 3TH 3CI:)_eKTbl be taken into account at a wavelength of
Heo6xo,o, HMO yNHTblBaTb Ha ,D,nHHe BOnHbl 0.6-1.2 cm and for precipitationintensity
0,6-1,2 CM H _n_ HHTeHCHBHOCTeRoCa_KOB >4-7 mm/h.
>4-7 MM/H.

IIIIIII II

BOH,qapeHKOB.F., XBOpOCTbRHOB B.T. 06 Bondarenko, V. G., and V. I.
H3MeHeHI,41,1MeTeope)KHMa norpaHH_Horo Khvorostyanov. 1987. On changes in the
cnoR aTMOC_epbl npH ,O,HccHnaiJ,I_H o6naKOB atmospheric boundary layer conditionswith
Ha 6onbu.IORTeppHTopHH. -"Tp. U,eHTp. cloud dissipationover large areas. Proc.
a3pon, o6ceps.", 1987.N 163. C. 92-100. Cent. Aerol. Obs. 163:92-100.

C nOMOU.l,blO,O,ByMepHoRHecTalJ,HOHapHoR Consequencesof cloud dissipationin
HHCneHHO_MO.o,enH o6naKOB H TyMaHOB winter and during transitional periodswith
H3yHanHCb nocne,o, CTBHR paccegHHR different typesof underlyingsurfaces at
o6na_HOCTH B 3HMHH_H nepexo,o,Hble different times of the day were studied by
ce3OHbl,npH pa3nH4HblX THnax nO/;ICTH- usinga two-dimensionalnonstationary
nmouJ,e_ noBepXHOCTH B pa3Hoe BpeMR numerical cloud and fog model. It is
CyTOK.YCTaHOBneHo,HTOpacceRHHe established that cloud dissipation in winter
o6naHHOCTH 3HMOI;1Ha,o,CHeFOMnpHBOD.HT K over snow results in soil cooling (most
Bbixona_HBaHHK)nONBbl(HaH6onee pronounced at night and insignificant in the
CHnbHOMy B HONHOeBpeMRH daytime), whereas surface temperature
He3Ha_-IHTenbHOMy B ,I_HeBHOeBpeMR),a B increases in the dissipationarea during
nepexo_Hblece3oHbl- K pOCTyT-phi transitionalperiods (maximum when
noBepXHOCTHBo6nacTH pacce_HHR(MaKe. dissipation is carried out in the afternoon).
npH B03,13,eglCTBHHB nocnenony_eHHble _acb0. The highest horizontal temperature
HaH6onbuJH_ropH3OHTanbHbl_KOHTpaCTT-p contrast in the dissipation area and outside
B o6nacTH pacce_IHHRH BHeee _OCTHraeTcR it is achieved in winter before sunrise.
npH BO3,_eI71CTBHHS 3HMHeeBpeMR nepe,o,
BOCXO,O,OM COnH_a.
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_I-I_aJ_HKO B.F._ XBOpOCTbRHOIB B.H. 0 Bondarenko, V. G., and V. I.
(:_OpMHpOBaHHH o6naKoB H TyMaHOB S Khvorostyanov. 1987. On cloudand fog
rOpH3OHTanbHO-HeO,O,HOpO£1HOMnor'paHH4HOM formationin a horizontallynonuniform
cnoe aTMOC_epbanpH a.QBeKU,HHTenna. - atmosphericboundary layer with heat
"Tp. U,eHTp.a:_pon,o6cepB.", 1987.N 163, advection Proc. Cent Aerol. Obs.
C. 69-81. 163:69-81.

C HCnonb3oaaHHeMD.ByMepHoR Modelling processes of formation and
HecTau,HoHapHoR4HcneHHORMO,O,enH, further evolution of low stratiform clouds
BKnIo_aIouJ,eH ,O,eTanbHbiRpac4eT and fog with heat advection was
MHKpO_H3H4eCKHX napaMeTpoBo6rlaKOB, undertaken by using a two-dimensional
npoBe_eHoMO,O.enHpoBaHHenpou,eccoB nonstationarynumerical model involvinga
¢I:)OpMHpOBaHHR H nocnerlylouJ,eR 3BOnlOIJ,HH detailedcalculationof microphysical
HH3KHXCnOHCTOO6pa3HbSXo6naKoBH parametersof clouds.The role of major
TyMaHOBnpH a,O,BeKU,HHTenna. Ou,eHeHa factors of cloudformation(advection,
ponb OCHOBHblX _aKTOpOB turbulence, and radiation) is discussed.
o6naKoo6pa3oBaHHR:a_BeKTHBHOrO, Resultsshow that in the cold half of the
Typ6yrleHTHOrOH pa.o.Hau,HOHHOrO. year with advection, clouds form under the
noKa3aHo,_ITOe xorlo,QHoenorlyro,o,He np,; higher-temperatureinversionlayer, where
a,D,BeKU,HHTenna o6na_HOCTb o6pa3yeTc_ advectivemoistureinfluxand turbulent
no_ npHno,o.HRTORHHBepcHeRT-phi, T.e. TaM, heat outfloware maximum, the latter
r,o,e MaKCHManbHbl a,O,BeKTHBHblI;t rlpHTOK
BnarH H Typ6yneHTHbl_OTTOK Tenrla, caused by a decreasing turbulence
o6ycnoBneHHl=,lRyMeHbUJeHHeMKO3_. coefficientunder the blockinglayer with
Typ6yrleHTHOCTHC BblCOTORnO,Q height.Diurnalvariationsof radiation
3anHpaDouJ,eM CrlOeM.Hccne,o,oBaHCyTO4HbIR balance componentsare studiedfor

various types of underlyingsurfaces asXOD. COCTaBrlRK)UJ,HX pa.QHaU,HOHHOr'O
6anaHca ,o,rl_ pa3rlH_HblXTHnos well as the effect of the variationson the
no,QcTHrlalouJ, eR noBepXHOCTH H er'o BnHRHHR cloud boundary evolution.
Ha 3BOrlIOIJ,HIO FpaHHIJ, O6rlaHHOCTH.

I IIIII

6punee 1".6., _oarareoK IO.A., Brylyov, G. B., Yu. A. Dovgalyuk, Ye. V.
OpP.,H6ypr'cKagE.B., CTenaHeHKOB.,O,., Orenburgskaya, V. D. Stepanenko, and
YrnaHoea T.J'I. K ou,eHKeo6naYHblX T.L. Uglanova. 1986. On estimatingcloud
pecypcoBBOT,QerlbHblX CI:)H3HKO- resourcesin individualgeographicalareas
reor'pa_H4eCKHXpaRoHaxCCCP. "Tp. I'n. of the U.S.S.R. Proc. Main Geophys. Obs.
r'eoc_H3,o6cepe.", 1986.N 497, 76-81. 497:76-81

no ,QaHHblM pa,QHOnOKalJ,HOHHblX H Ha3eMHblX Characteristics of cumulonimbus clouds
Ha6nlo,QeHH_BblHHCneHblxapaKTepHCTHKH were calculated from radar data and land-
Ky4eso-,o,o_,o,eBblXo6naKoB,o,n_pa3nH_HblX based station observations for different
_H3HKOreoFpa@HHeCKHXpaROHOBCCCP. physicaland geographicalregionsof the
YCTaHOBrleHO,4TO cTeneHbpa3BHTHR USSR It was establishedthat the rate of
o6na'4HblX KOHBeKIJ,HI;1eo3pacTaeT C convective development increases with
yMeHbmeHHeMuJHpOTbLBblnonHeHaou,eHKa decreasing latitude.Cloud resources were
O6rla_HblXpecypcoB_rlR paROHOBCCCP. estimated for certain areas of the USSR.
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6y,o,aK H.B., ,Qg4yKB.A., MHXaFIneHKOH.H., Budak, h V., V. A. Dyachuck, N. N.
Py,o.bKOIO.C. I'IpocTpaHCTBeHHO-BpeMeHHaR Mikhailenko, and Yu. S. Rudko. 1983.
CTpyKTypa cneKTpOB HaCTHU,oCa_KOBH3 Space-time structure of precipitation
Ky4eBO _O;_,QeBblXo6naKoB. MeTOD,HKa particle spectra from cumulonimbus
H3MepeHHR. "Tp. YKp. per'HOH. HHH", 1983. clouds. Measurement techniques. Proc.
N 193,C. 29-47. Ukr. Reg. Sci. Res. Inst. 193:29-47.

npHBe_eHa MeTO,D,HKa H pe3ynbTaTbl Methods and results of combined surface

KoMnneKCHblXHa3eMHblXHccne,QOBaHHI;I observations of cumulonimbus precipitation
oca,QKOBH3 KyNeBO-,D,O)K,QeBblXO6rlaKOB. are given. Rain droplet spectra were
I'IpOH3BO,QHnHCbH3MepeHHR cneKTpOe measured by using radar and rain gauges.
Kanenb D,O_K_,R,pa,QHOnOKalJ,HOHHbleH Spectra were measured simultaneously at
nnlOBHOMeTpH4ecKHeHa6nto_,eHHR. six points, 1-1.3 km away from one
O,O,HOBpeMeHHOH3MepeHHR cneKTpOBHa another. This made it possible to obtain a
uJeCTHnyHKTaX, y,o,aneHHblXHa paCCTORHHe series of statistically valid individual
1-1,3 KM _pyr" OT _,pyra, nO3BOnHnH ("instantaneous") samples of rain droplets
nonyHHTb CepHH CTaTHCTHqeCKH
o0ecne_eHHbiX OT_,enbHbiX ("Mr'HOBeHHblX") from various parts of the cloud at different
npo6 Kanenb _,O_K_,RH3 pa3nHqHblXHaCTeR stages of its development. The rain
o6naKa Ha pa3HbiX CTa,O,H_IXer'o pa3BHTHR, intensity J, radar reflectivity Z, droplet
17ocneKTpaM Kanenb paCCHHTaHbi volume-part concentration N, and some
HHTeHCHBHOCTbJ H pa,D,HOnOKaU,HOHHaR characteristics of droplet sizes are
OTpa>KaeMOCTbZ _O>K_R,06_eMHaR calculated from droplet spectra. The
KOHU,eHTpau,HR Kanenb N, a TaK:;>Ke contribution of different size droplets to the
HeKOTOpblexapaKTepHCTHKH pa3Mepos values of J, W (water content), and Z is
Kanenb. OU,eHeH eKna_ Kanenb pa3nHHHbiX estimated. Areas of precipitation
pa3MepOBB 3HaHeHHR J,W (BO,D,HOCTb) H Z. characterized by uniform particle-size
Bbl,o,eneHbl 3OHbloca.QKOB,xapaKTepH3yK_- distribution are identified. Microphysical
U.I,HeCR O,O,HOpO,D,HblM pacnpe,o,eneHHeM characteristics of rain in terms of the
4aCTHU,no pa3MepaM. PaCCMOTpeHbl precipitation area macrostructure are
MHKpOC_H3HHeCKHeOCO6eHHOCTH,O,O;_,QRB considered. It is shown that the droplet
CBR3H C MaKpOCTpyKTypoR 3OHblOCa,QKOB. size distribution for clouds under
noKa3aHo, HTO ,l_nRHccne,o,yeMblX o6naKOB consideration is different from exponential
pacnpe_,eneHHR Kanenb B OTp,enbHble at certain moments. Average spectra for
MOMeHTbl BpeMeHH OTnHHalOTCROT individual points and the average spectrum
3KCnOHeHU,HanbHOrO. Ocpe_,HeHHble _e for all of the network were approximated
CneKTpbl ,QnROTJ_enbHbiXnyHKTOBH by the expression N(a) = Nl_a, whose
CpeD,HH_ cneKTp no ecel;1CeTH parameters a and N were determined by
annp.oKCHMHpOBanHCbBblpa_eHHeM N(o=) = the peculiarities of the precipitation zone
Nila° napaMeTpbl <zH N KOTOpOrO space structure.
onpeD,enHnHCb OCO6eHHOCTRMH
npocTpaHCTBeHHORcTpyKTypba 3OHbl
oca,o,KO8.
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6y,o,om,=RB.,[],., MaxoBep 3.M., He4aee H.n., Budovy, V. D., Z. M. Makhover, N. P.
Pa,o.4eHKOA.A. O ,D,HeBHOMXO,O.eH Nechayev, and A. A. Radchenko. 1986.
BpeMeHHORyCTORNHBOCTHO6rlaNHOCTHHa,O, On diurnal variations and time stability of
TponH4eCKOi_AC_pHKOR."Tp. BHIAH clouds over Tropical Africa. Proc. All-Union
rH_poMeTeopon. HHCI:). MHpOB. u,eHTpa Res. Inst. Meteorol. Inf. World Data Cent.
,D,aHHblX",1986. N 126, C. 41-47. 126:41-47.

Ha OCHOBeTerleBH3HOHHblXCHHMKOBHC3 3a The diurnal variations of cloud amount and
1980-1982 rr. H3y4anHc6 ,D,HeBHOIT,I XO,QKOn-Ba the continuous occurrence of 0-3, 4-7,
o6naKoB H Henpep61BHOecoxpaHeHHe and 8-10-point cloudiness over Africa in
rpa_au, HR o6naNHOCTH0-3, 4-7, 8-10 6annoB April was studied on the basis of VIS
Ha,o,A_pHKOA B anpene. B Ka4eCTBe satellite imagery for 1980-1982.
xapaKTepHCTHKH ,O.HeSHOl'Oxo,Qa Amplitudes of mean cloud amount in
Hcnon630BanHc6 aMnnHTy_6_ cpeD,HHX daytime and morning hours were used as
3HaNeHHRo6naNHOCTH B ,QHeBHbleH a characteristic of diurnal variations. The

yTpeHHHe 4ac6=. AMnnHTy_a Kone6aHHR amplitude of total cloud variations during
061.u,eR o6na4HOCTH B Te4eHHe .O,HR the day is the largest (6.9 points) over the
,o.OcTHraeT HaH6onbuJeR BerlHHHH61(6,9 central tropical regions of the continent.
6anna) Ha£l U,eHTp.pa_OHaMH TponH4eCKOR Three types of amplitudes were specified
3OH61KOHTHHeHTa.no HacTynneHH_O with respect to minima and maxima:
MaKCHMyMOBH MHHHMyMOBSbl,QerleHOTpH
THna aMnnHTy_,61: I THn - C xopouJo Type 1--an amplitude with a well-
Bblpa_eHHblM MaKCHMyMOMS pronounced maximum in the afternoon
nocnenorlyD,eHH61e4ac61 H MHHHMyMOM hours and minimum in the morning,
yTpOM;II THn - C He3Ha4HTenbHbIMH Type 2--that with insignificant (0-1 point)
aMnrlHTy,qaMH (0-1 6anrl); III THn - C amplitudes, and Type 3--that with
yMeHbUJeHHeMKOrI-BaO6rlaKOBK decreasing cloud amount in the afternoon.
nocrlenorly_,eHHbIM4acaM. B61_eneHb! Areas with various amplitude types are
pal_OHblC pa3rlH4HbIMH THnaMH aMnrlHTy,q, identified. Periods of continuous
Onpe,o,eneH61 pacnpe_,eneHHA nepHo_OB occurrence of 0-3, 4-7, and 8-10 point
Henpep61BHorocoxpaHeHHA O0rlaHHOCTH cloudiness are specified. Weather with a
rpaD,au,HA 0-3, 4-7, H 8-10 6anrlos. small cloud amount (0-3 points) persists
Manoo6na4HaA noro/:].a (0-3 6anna) (to 14-19 days) basically in North Africa.
yCTOR4HBOcoxpaHAeTCA (,qO 14-19,0,HeR)
rnaBH61Mo6pa3oM Ha C.A_pHKH.
CoxpaHeHHe nacMypHoA noro,q61 (8-10
6annoB) xapaKTepHo rnaBH61Mo6pa3oM _nA
paRoHa TponH4eCKHX necoB
3KBaTOpHanbHORAC_pHKH.
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6y_.oeuR B.,D,.,MaxoBep 3.1VL,He_aee H.FLK Budovy, V. D., Z. M. Makhover, and N. P.
aonpocy o BpeMeHHOI_H3MeHHHBOCTH Nechayev. 1986. On cloudtemporal
06naHHOCTH."Tp. BHHH rHp,poMeTeopon, variability.All-UnionRes. Inst.
HRS. MHpOB.U,eHTpa ,QaHHblX",1986.N 126, Hydrometeorol.Inf. World Data Cent.
C. 55-58. 126:55-58.

noHa6nlo,D,eHHRM3a 1962-1971rr. Root-mean-square deviations of daytime
pacc4wTbIBanHcb,o,n_CeTH total cloud amount were calculated on the
MeTeoponorH4ecKwx CTaHU,H_ ces. basis of individual values and monthly
nonywapH_cpe_HHe KBa,o.paTH4ecKHe means of 1962-1971 observations for the
OTKnOHeHHR o61._el;1 O6rlaHHOCTH B ,QHeBHOe Northern Hemisphere meteorological
BpeM_no HH_HBH_tyanbHbiMH cpe_,HHM station network. Mapping of the values
MeCRHHblM 3HaHeHHRM. KapTHpOBaHHe 3THX showed that the root-mean-square
3HaHeHHR noKa3ano, HTOS o6rlacTflX deviations were minimal in regions with
yCTORHHBblXnoro,O.HblXyCnOBHRcpe,o,HHe persistentmeteorologicalconditions.
KBa,D.paTHHecKHe OTKnOHeHHRMHHHMarlbHbl. However, the root-mean-squaredeviations
O_HaKO cpe_.Hvte KBa,o,paTHHecKHe calculated from individualvalues appeared
OTKrlOHeHHR, paCCHHTaHHble no to be larger than those computed from
HH,D,HBH,I::IyaribHblM 3HaHeHHRM_ OKa3anHCb
6onbwe, HeMpacc_HTaHHbleno cpe_HHM monthly means. In winter, root-mean-
MeCRHHblM3HaHeHHRM.3HMOR cpe,O,HHe square deviationsfor individualvalues
KBa,EtpaTHHeCKHe OTKrlOHeHHR range within1.5 - 3.5 octas and in
HH,EIHBH,O,yarlbHblX 3HaHeHHI;1Haxo_RTCRB summer the range is wider (from 0.5 - 3.5
npe_enax OT 1,5 _,O3.5 6anna, neToM octas), whichcan be explained by higher
npe_.enKOrle6aHH_6onl:,we(OT 0,5 _.O3,5 weather stabilityinthe daytime in winter.
6arlna), HTOO6_RCHReTCR 6onee BblCOKOR The variationrange for root-mean-square
CTa6HrlbHOCTblO noro_HblX yCrlOBHI;I 3HMORB deviations calculated from monthlymeans
,D,HeBHOe BpeMR.Pa3MaxKorle6aHHR cpe_HHX appeared to be lower in July (0.5 octas)
KBa,o,paTHHeCKHX OTK.r'IOHeHHI;I, than in January (0-2 octas). It was
pacc_HTaHHblX no cpe,I_HHM MeCR_HblM establishedthat the accuracyof climatic
3HaHeHHRM,B HloneOKa3arlocRMeHbUJe (0-1,5 characteristics of clouds calculated on the
6anrla), HeMB RHBape(0-2 6anna). basis of the 1962-1971 observation series
YCTaHOBrleHO,_iTOTOHHOCTbKnHMaTHHeCKHX iS about the same as that obtainedon the
xapaKTepHCTHKOri6naHHOCTH, basisof a longerdata series for
onpe_eneHHblXno pR_y Ha6nK::)_eHHR3a 1936-1977.
1962-1971rr., oKa3anacbnpHMepHoTaKOR
Me, KaK H no 6orlee npo.o.orl:)KHTerlbHOMy
p_l/_y3a 1936-1977rr.
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6y,o,om,l_ B.,I],.,He,¢aeBH.FL,Hy,o,eri,MaH J'I.H., Budovy, V. D., NoP. Nechayev, L. A.
Pa,o?_eHKoA.A. 06 OCO6eHHOCTRX Nudelman, and A. A. Radchenko. 1986.
pacnpe,o,eneHHRo6na4HOCTHHa/:lpaAOHaMH On distinctivecharacteristicsof the cloud
TponH4eCKOAA_pHKH. "Tp. BHHH distributionover tropicalAfrica. Proc.All-
rH,a.poMeTeopon.HH(_. - MHpOB.U.eHTp Union Res. Inst. Hydrometeorol. Inf. World
,D.aHHblX", 1986.N 126. C. 35-41. Data Cent. 126:35-41.

npe,o,CTaBneHblKapTblpacnpe_eneHHfl Cloud distributionmaps for tropicalAfrica
o6na4HOCTH ,QrlRTponH4eCKOR30Hbl forApril and October are given, plotted on
ACI:)pHKHB anpene H OKTR6pe,nocTpOeHHb|e the basisof satellitedata for the period
no .QaHHblM HC3 3a nepHo_ 1980-1982rr. 1980-1982. The satelliteimagery was
O6pa6OTKa TB CHHMKOBnpoBO_Hnacbno processedby 2.5 ° by 2.5° squares. Maps
KBa/:lpaTaMpaaMepoM2, 5 x 2, 5 ° KapTbi, thus obtainedmake it possibleto introduce
nony4eHHbleno npe_naraeMoR MeTO,qHKe, correctionsin the surface-based climatic
no3BonRIOTBHeCTHKoppeKTHBblB cloudobservationdata for areas with
KnHMaTHI.leCKHe,O,aHHbleHa3eMHblX sparse station networksand also increase
Ha6nlo_eHH_ aa o6na4HOCTblO B paRoHaxc the detailof the results of research
peD,KORMeTeoponor'H4eCKORCeTbK) undertakenon the basisof satellite data
CTaHU,HA H ,D,eTanH3HpOBaTbpe3yrlbTaTbl averaged over large areas.
HCCrle,O,OBaHHR,npoBe,l:leHHbiXno
ocpe,o,HeHHblMno 6onbuJHMnnOLU.a,QRM
CnyTHHKOBblM_aHHblM.

HepHwXI/LB.,TpHul.eHKOA.n., IllepCTIOKOB Chernykh, I. V., A. P. Trishchenko, and
6.1-. HeKOTOpbleOco6eHHOCTH B.G. Sherstyukov. 1990. Some specific
pacnpe/J,eneHHgBblCOTbl HH_Hel;IrpaHHU,bl features of cloud base heightdistributionof
o6na4HOCTH_OpM St, Frnb, Sc, Cu, Cb. differentcloudtypes (St, Frnb, Sc, and
Tpy_,bl BHHHFMH-MU,_, 1990.Bbln.153, Cb). Proc. All-Union Res. Inst.
C. 83-93. Hydrometeorol. Inf.World Data Cent.

153:83-93.

BblnOnHeH aHanH3 nnOTHOCTH BepORTHOCTH
BblCOTbl H HH)KHeI_IrpaHHU,bl O6FlaHHOCTH St, Density probabilityof the height H of cloud
Frnb, Cu, Cb, Sc no CTaHIJ,HRM ET CCCP. base of cloudtypes St, Frnb, Cu, Cb, and
FIo_TBep)K/:IeHaO/_HOMO_anbHOCTb SC was analyzed for the Europeanterritory
pacnpe,o,eneHHgH _ng St H Frnb, noKa3aHa of the USSR. The single modality of the
MHOrOMO,13,anbHOCTbpacnpe/:teneHHgH ring distribution of H was confirmed for St and
SC, CU, H Cb c ,QHCKpeTHblMH 3HaNeHHRMH H Frnb. The multimodalityof the distribution
ring Sc 400-600, 800-1000 H 1600 M, _ng Cu of H is shownfor Sc, Cu, and Cb, with
H Cb 400-600, 800-1000 H 1600 M. B discretevalues of H equal to 400-600,
3aBHCHMOCTHOT ce3oHarosa H npH3eMHOI_I 800--1000, and 1600 m for Sc and
OTHOCHTenbHOI;IBna;_HOCTH/:lng o6na4HOCTH 400-600, 800-1000, and 1600 m for Cu
C MHOrOMO,O,anbHblMH pacnpe,l::teneHHgMH and Cb. Redistribution of H recurrence
npOHCXO,O.HTnepepacnpe_eneHHe maximumfrom one discrete level to
MaKCHMyManOBTOpReMOCTHH c O/:lHOrO another takes place in the case of clouds
,O,HCKpeTHOFOypOBHgHa _pyroi_. TaK, with multimodel distribution, depending on
HanpHMep,cpe,o,Hgg BblCOTa H Sc the season and relative surface humidity.
yBenH4HBaeTcgOT 3HMblK neTy He aa C,_eT For example, the average height H of Sc
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HX nO,QHRTHR,a 3a CHeT60nee HacToro increases from winter to summer not
nO_lBneHH_Sc Ha 60nee BblCOK14X because they rise but because they occur
,O,HCKpeTHblX ypOBHRX14yMeHbUJeH14R more frequently at higher discrete levels
nOBTOpgeMOCT14Ha H14)KH14XypOSHRX, and less frequentlyat low levels. It is
npe_,nonaraeTc_, 4TO MHOrOMO/3,aflbHOCTb14 supposed that multimodality and
,Q14cKpeTHOCTb H CBR3aHaC pa3n144HblM14 discreteness of H are related to different
aTMOC_epHblMHnpou,eccaM14,npHBO_UJ,HM14 atmosphericprocessescausingcloudsto
K o6pa3OBaHHE)o6na_HOCT141414MeK:)U.I,14M14 form, which are characterized by their
CBO14xapaKTepHbmBblCOTbl. typical heights.

,[],oBrarnoKIO.A., CTaHKOBaE.H. Dovgalyuk, Yu. A., and Ye. N. Stankova.
_HHaM14HeCKHI;t acneKT oU,eHKH CTa,O,HI;1 1989. The dynamicaspectof evaluating
)KH3HHKy,4eBo-_o_eBoro o6naKa//Tp, the stages of the lifetimeof a
BMCOKOr'OpH.r'eo_143.14H-Ta.1989.N 76. C. cumulonimbuscloud. Proc. High-Mt.
29-35. Geophys. Inst. 76:29-35.

O6cy>K_aeTcRBOnpOCO Bbl6openapaMeTpOB Selectingparameters for quantitative
,D.nRKon14HeCTBeHHOI_IoU,eHKH estimationof the lifetime stages of a
npo_.on;_14TenbHOCT14CTa_.HR)KVI3HH precipitatingcloudis considered.Data
oca_,Koo6pa3ytouJ,er'o KOHBeKT14BHOF'O obtainedfrom numericalmodellingof a
o6naKa, npHBO_RTCRpe3ynbTaTbl 14XoU,eHKH single-cell convectivecloud by using a
no ,QaHHblM H14cneHHOrO MO,o,en14pOBaH14R one-and-a-half-dimensional nonstationary
O/3,HORHeRKOBOrOKOHBeKTHBHOrOo6naKa c model developed in MGO are evaluated.
Hcnonb3OBaH14eM HecTau,14oHapHoI;I
nonyTopaMepHoRMO/:_en14,pa3pa6OTaHHO_B
FrO.

,l],pa,4eBaB.rl., CHHKeBHH A.A., Hy6apHHa Dracheva, V. P., A. A. Sinkevich, and Ye.
E.B. Hccne_oBaHHeHeOP,HOpO_HOCTe_ V. Chubarina. 1988. Convective cloud
KOHBeKTHBHblXo6naKos //Tp. I-n. r'eo_143, heterogeneityresearch. Proc. Main
o6cepB. 1988.Bbm. 518. C. 145-152. Geophys. Obs. 518:145-152.

AHanH3HpyK)TC_pe3ynbTaTbl 14ccne,o,OBaH14171 Resultsof convectivecloud research are
KOHBeKTHBHblXo6naKOB C u,enblo BblRBneHHR analyzedwith a view to revealingthe
B3a14MOCBR314Me>K_yHeo/g,HOpOP,HOCTRM14 relationshipbetween the electric field
HanpR)KeHHOCT14 _neKTp14_ecKoro nonR 14 intensity inhomogeneities and other cloud
_pyFHM14xapaKTepHCTHKaMHo6naKa: characteristicssuch as verticalflux
CKOpOCTbK:)BepT14KanbHblXnOTOKOB,T-pOR, velocity,temperature,and water content. It
BO,O,HOCTblO. YCTaHOBneHO,HTOHaH6OnbLUaR was establishedthat the relationship
B3a14MOCBR3bnpo_Bn_eTc_Me_K_ly between cloud overheating and vertical
neperpeBoMo6naKa 14CKOpOCTbK) motionspeed is most pronounced.The
BepTHKanbHblX ,D.B14_eH14_.Kooc13.KoppenRLI,H14 correlation coefficientwas found to be /
COCTaBnReT0,87. 0.87.
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,0,y6poBHHaJ'LC. O CTaTHCTHNeCKHX Dubrovina, L. S. 1983. On statistical
napaMeTpax pacnpe_eneHHR TeMnepaTypbl parameters of cloud top temperature
BepXHeRr'paHHU,bl o6naKOB. "Tp. BHHH distribution. Proc. All-Union Res, Inst.
r'H_poMeTeoporl. HHC_.-MHpOB.u,eHTpa Hydrometeorol. Inf. World Data Cent.
,O,aHHblX", 1983. N 107, C. 22-27. 107:22-27.

no ,D,aHHblMceTeBoro caMoneTHor'o Distribution parameters (means, root-
3OH/:IHpOBaHHR(1957-1963r'r) aHanH3HpylOTCfl mean-square deviations, skewness and
napaMeTpbmpacnperleneHH_ (cperlHHe, curtosis) of cloud top temperature are
cpe£1HHeKBa_paTHHecKHe OTKnOHeHHfl), analyzed for all cloud types and also
KO3_. aCHMMeTpHH H 3Kcu,ecca) T-phi Ha specifically for the main cloud forms: Sc,
sepxHeR rpaHHu,e o6naKoB (6e3 y_eTa St, Ns-(As-Ns), Ac and As using aircraft
_OpM) H OCHOBHblX_OpM: Se, St, Ns-(A= - network sounding data. Estimation using X=
N=),Ac, A=.Ou,eHKa C nOMOUJ,blO KpHTepH_I Pearson test revealed that mid-level cloud

X= r]HpcoHa BblRCHHna,HTO KpHBble (As and Ac) temperature distribution
pacnpe,o,eneHHR T-phi o6naKoe cpe_Her'o curves are rather well approximated by the
_pyca (A=, Ac) y_oBneTaOpHTenbHO normal law while Ns-(As-Ns), Sc and St
annpOKCHMHpyK)TCRC nOMOUJ,blO
XOpManbHoro 3aKOHa,o6naKos N=-(A=- N=), are approximated by the Sharlie
Se, St c nOMOUJ,bK) pacnpe_eneHHA LLlapnbe, distribution taking into account skewnessand curtosis.
y4HTblBalOLU,eI'O aCHMMeTpHtOH OKCU,eCC.

I I

,I],y6poaHHa J'LC. 3aBHCHMOCTbMe)KD,y Dubrovina, L. S. 1974. Relationship
sepTHKanbHO_tMOLU,HOCTblOH BblCOTaMHHX between cloud thickness and their top and
rpaHHU,. Tpy_bl BHIAHFMH-MU,J_,shin.7, base heights. Proc. All-Union Res. Inst.
1974. C. 3-11. Hydrometeorol. Inf. World Data Cent.

7:3-11.
H3no;_eHbl pe3ynbTaTbl CTaTHCTHHecKoro

aHanH3a H3MeHHHBOCTHTOrlU.I,HHbl(&H) H Results of statistical analysis of variability
BblCOTblrpaHHU, o6rlaKOB (Hw H H,,.)H of cloud thickness AH as well as their top
KoppenRu,HOHHOI_3aBHCHMOCTHMe;_,y HHMH and base heights (Hb and Ht) and their
no MaTepHanaM ceTesoro caMoneTHoro correlations are given on the basis of
3OH,O,HpOBaHHRB MOCKBe(BHyKOBO)3a network aircraft sounding data for Moscow
1957-1963 rr. (Vnukovo Airport) for 1957-1963. The root-

mean-square deviations of Hb are not
CperlHHe KBa_.paTHHeCKHeOTKnOHeHHRI-_ characterized by high diurnal and seasonal
Mano H3MeHRIOTCRB TeHeHHe CyTOKH ro,o,a, variability and are thus a stable
RBnRRCbyCTORHHBO_xapaKTepHCTHKOR characteristic of the cloud type. The top of
,QaHHORc_OpMbl o6naKOB, vertical-development-type clouds Cu-Cb,

BepxHRR rpaHHu,a o6naKOB BepTHKarlbHOrO As-Ns frontal systems and St clouds is
pa3BHTHRCu-Cb, Cl:)pOHTarlbHblXCHCTeM unstable and much more variable than HtStratocumulus and altocumulus clouds are

As-Ns H o6naKoe St HeycTo_LIHBa H characterized by almost the same
HCrlblTblBaeTCyUJ,eCTBeHHO6OnblJJHe
BapHau,HH no cpaBHeHH_OC Hat.. variability of Hb and Ht. Correlation

coefficient analysis showed that all clouds,
except for As-Ns (in summer and autumn),
are characterized by inverse correlation
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CnOHCTO-KyHeBblMH BblCOKO-KyHeBblM between the thickness and cloud base
o6naKaM npHcyuj,a nOHTHO£tHHaKOBaR heightand by directcorrelationbetween
H3MeHHHBOCTb HNrH Hir. cloudthicknessand cloud top height.

Significantdifferencesin the values of r
AHanH3KOOC_CI:)HIJ,HeHTOB Koppenflu,HH between cloud thickness and /-/t of SC and
noKa3an,4TO BceMo6naKaM, KpOMeAs-Ns St cloudtypes (r ranges from 0.24 - 0.35
(neToM H OCeHI=IO),CBO_CTBeHHao6paTHaR withthe formerand between 0.72 and 0,87
KoppenRLLHOHHa_3aBHCHMOCTb Me;_,o,y withthe latter)were found. Still higher
TOrlUJ,HHOI,;IH BblCOTORHI- H np_Ma_BOBcex correlationcoefficientswere obtainedfor
cny4aRx Me_K,o,yTOrlLLI,HHOI_H BblCOTORBI-. As-Ns (0.84-0.95) and Cu-Cb (0.80-0.86)

for daytimeof the warm season. High
O6Hapy>KeHbacyuJ,eCTBeHHblepa3nH_lH_B correlationbetween cloud thickness and
3HaHeHHRXr Me>K,O,yMOU.t.HOCTblOH _ heightof St and As-Ns cloud top heightis
o6naKOB Sc H St (y nepBbaXr H3MeHReTCR of practicalvalue for determiningcloud
OT 0,24 _O 0,35, y BTOpblX- OT 0,72 _.O0,87). thicknessfrom cloudtop satellitedata.
ELu,e 6onee BblCOKHe KO_CI:)CI:IHIJ,HeHTbl

Koppen_u,HHnony,_eHblrln_ As-Ns (0,84-0,95) Regressionequations are given.
H Cu-Cb s TennbaRnepHo_ ,O,HeM (0,80-0,86).

XopouJaRKOppenglJ,HOHHafl 3aBHCHMOCTb
Me_,o,y MOUJ,HOCTblO H BblCOTOR B[" o6naKOB
St H As-Ns HMeeTnpaKTHqeCKOe3HaqeHHe
,l::tnRonpe,o,eneHHflno BblCOTeBI",
nonyLleHHOR,HanpHMep,C HC3, Hx
BepTHKarlbHOgl MOU.I,HOCTH.

I']pHBe,QeHblypaBHeHHRperpeccHH.Ta6n. 4.
Hnn. 2 E_H6n.9.

,[],y6pomaHaJ'LC.,Bep3yHoeaB._. OU,eHKa Dubrovina, L. S., and V. D. Verzunova.
Tonl.U,HHblo6naKoBc HCROnb3OBaHHeM 1983. Evaluation of cloudthickness using
,QaHHblXHC3. "Tp. BHHH rH,o,poMeTeopon, satellitedata. Proc. All-UnionRes. Inst.
HHC_:).MHpOB. u,eHTpa ,O,aHHblX", 1983.M., 107, Hydrometeorol.Inf. World Data Cent.
C. 13-22. 107:13-22.

[]oTpe6HOCTbHayKHH npaKTHKVlS The demand of science and the practical
xapaKTepHCTHKaXBepTHKanI:,HORCTpyKTypbl applicationfor characteristicsof cloud
o6naKoe H OTCyTCTBHe ,O,aHHblXHaD, verticalstructure,as well as poor data
6orlbLUeR HaCTblO 3eMHOI'O uJapanOCTSBHnH coveragefor most of the globe were posed
sonpoco6 Hcr'IOnb3OBaHHH KOCBeHHblX as problems of using proxy methods. The
MeTO,O,OB.i'lpe,o,naraeTcR MeTO_inHHeRHOI;I linear regressionmethod AH with respect
per'peccHH-H no HB1.MeTo,o,OCHOBaH Ha to HB1is suggested.The method is based
HanHHHHKoppenRU,HOHHORCBR3HMe_KD,y on correlationbetween cloud thickness
TOnI.U,HHO_ O6rtaKOB H BblCOTOI;1HX sepxHeR and cloudtop heightderived from aircraft
r'paHHU,bl, yCTaHOBneHHO_no ,D,aHHblM data obtainedfrom soundingover the
caMoneTHoro 30H,D.HpOBaHHRHa,Q USSR. Data taken from the cloud top
TeppHTopHeRCCCP. B KaHeCTBe heightmap plottedby V. i. Titov and
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npe_,HKTopa _nA onpe,o,eneHHR TorlLLI,HHbl T. Sh. Musaelyan on the basis of satellite
o6naKoa Hcnonb3osanHcb _laHHble, CHRTble C radiation temperature and climatic mean
KapTbl BblCOTbl sepxHeR I'paHHIJ,bl, temperature gradient were used as a
noCTpOeHHORB.H. THTOBblM, T.M. MycaenRH predictor of cloud thickness, A schematic
no pa/:IHaU,HOHHORT-pe, H3MepeHHORC HC3 map of the calculated cloud thickness
H CperlHeMy KnHMaTH4eCKOMyr'pa,O,HeHTy distribution over the Northern Hemisphere
T-pb=.npHae,qeHa KapTa-cxeMa for July 1972 is given. The method is
pacnpe,o,eneHH_ pac4eTHOR TOJ'IMJ,HHbl estimated by comparing average values of
obnaKos Ha,l:lcea. noJlyLuapHeM3a HK)nb 1972 cloud top heights and thicknesses obtained
r'. Cg,enaHa ou,eHKa MeTO,O,anyTeM from satellite and aircraft soundings over
cpaeHeHHfl cpe,O,HHX 3aHeHHRTOrlLU,HHbl H the USSR territory.
BblCOTbiBepxHeR rpaHHU,bi o6naKoa,
nonyqeHHblX no ,O,aHHblMHC3 H CaMOrleTHOI'O
3OH,qHpOBaHHRHa,o,TeppHTopHe#l CCCP.

• anbKoeHq A.I/L O CTaD,HP,X pa3BHTH_I Falkovich, A. I. 1987 On stages of cloud
o0na4H_x CKonneHH_ H napaMeTpH3au,HH cluster development and moist convection
Brla_KHORKOHBeKIJ,HH, "Tpon.MeTeopon. Tp. 3 parameterization. Tropical Meteorology,
Me)K_yHap. CHMn., RnTa MapT, 1985", J'l., Proc. Third Intern. Syrup., Yalta, March
1987. C. 500-509. 1985. Leningrad. pp. 500-509.

PacCMaTpHBaeMbaRBonpoc Hsy4aeTc_ Ha The problem under consideration is
OCHOBaHHHaHanH3a yp-HHR coxpaHeHH_ studied by analyzing the static energy
CTaTHGTHHeCKOR3HeprHH cyxoro BO3_yxa H conservation equations for dry air and
BO,O,flHOrO napa npH HarlHqHHBrla;_HO_ water vapor with humid cumulus
Ky4eBoR KOHBeKM,HH H nyTeM oU,eHKH convection and by estimating the values of
BerlHHHHbl HneHOB3THX yp-HHR no ,O,aHHblM the equation terms from field
H3MepeHHR Ha nonHroHax Ha pa3rlHqHblX measurements at different stages of cloud
CTa,D,HRX pa3BHTHROOrlaHHblXCKORrleHHR. cluster development.

III I II

Ce_r'e_ E.M. O MeTOJ;Ionor'HH Feigelson, Ye. M. lute9. On the methods

BblnOrlHeHHOr'O3KcnepHMeHTarlbHOI'OH of experimental and theoretical research
TeopeTHHecKor'o Hccne,o,OBaHH_ carried out on radiation properties of
pa_HaU,HOHHblXCBORCTBnepHcTbiX o6rlaKOB cirrus. Radiation Properties of Cirrus.
//Pa_,Hau,. CBORCTBanepHcTbaXO0rlaKOB.M., Moscow. pp. 73-76.
1989. C. 73-76.

The staging of a surface experiment and
PaCCMOTpeHBonpoc O nOCTaHOBKe organizing of theoretical work with a view
Ha3eMHoro 3KcnepHMeHTa H TeopeTHHeCKHX to studying radiative properties of cirrus
pa0oT no H3y4eHHIOpa_,Hau,HOHHblXCBOI;ICTB (Ci) are considered. The experiment was
nepHCTblX o0naKos (Ci). 3KcnepHMeHT carried out in May 1986 and 1987 at the
npOBO,O,Hnc_l B Mae 1986-1987rr'. Ha Zvenigorod Research Station of the
3BeHHr'opoJ:ICKOI;IHayqHO_ Oa3e HC_A AH Institute of Physics of the Atmosphere of
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CCCP. MeC_LLMaR 6bin BblepaHHa the USSR Academy of Sciences, May was
OCHOBaHHHMHoroneTHHXHa3eMHblX chosen on the basis of long-term surface
Haenlo,D,eHHI,T'I3a oenaHHOCTblO observations of clouds at the
MeTeoponorHHecKoR06CepBaTOpHHMr'Y B meteorologicalobservatoryof the Moscow
MOCKBeHa J']eHHHCKHX ropax, no ,O,aHHblM State Universityon the Lenin Hills.
KOTOpO_secHa xapaKTepH3yeTc_ Accordingto their data, springis
HaHbonbLueRnOBTOpReMOCTblOCL characterized by the highest recurrence of
06OCHOSaHa Heoexo,D,HMOCTb H3yHeHHR Ci. The necessity of studying thin cirrus
TOHKHXnepHCTbiXo6naKoB.OHa clouds is substantiatedbythe following:
o6ycnoBneHacne,o,yK_LU,HMVlnpHHwHaMH:1) 1. Even very thin Ci with the optical depth
,qa)KeOHeHbTOHKHeCi npHOrlTHHeCKOR T==0 1--0.2 producessignificant
TOnLU,HHe _'_,0,1-0,2,clalOT3HaHHTenbHblI;'l greenhouse effect and changes in the
napHHKOBblR 3_eKT H H3MeHeHHeanb6ep,o systemalbedo to 5%;
CHCTeMbl /3,0 5 _. 2) TOHKHe oenaKa Ha,D, 2. Thin cloudsover an underlyingsurface
no_cTHnaK)w,e_noBepXHOCTbK)CManbIM withsmall albedo (A = 0.1-0.2) affect
anbee,clo(A = 0,1-0,2) 6onbwe BrlHRIOTHa A the a!bedo of the systemmore than
CHCTeMbl, HeM nnOTHble. 3) nepeMeHHblR dense ones;
napHHKOBblI;'I _3(_cl3eKT CO3,0,alOTHMeHHO 3. It iSthis type of cloudthat creates a
TOHKHeo6naKa. FIpH I" > 2 o6naKo variable greenhouseeffect. With T> 2
CTaHOBHTCR aeconlOTHO HepHblM, the cloud becomes absolutely black,
COOTBeTCTBeHHO H3nyHeHHe C FpaHHU,
onpe,qenReTcRTOnbKO T-poR. 4) TOHKHe hence radiationfrom the bottom and_- top depends on the temperature alone;o6naKa nnoxo O6Hapy_KHBa_OTC_CO
CnyTHHKOB.Ccj:>opMynHpoaaHarnaBHaRu,enb 4. Thin clouds are not readily detectedfrom satellites.
OKcnepHMeHTa H TeopeTHHeCKHX
Hccne_osaHH_:onpe,o,eneHHeBnHgHHg
nepHcTblXo6naKos Ha HHTer'panbHble(no The main objectiveof the experimentand
cneKTpy H3nyHeHw_c u,enblo Hcnonb3oBaHHR theoretical research has been formulated:
pe3ynbTaTOBa TeopHHKnHMaTa,HHCneHHblX determiningthe effect of cirrus on integral
Mo_enRx H nporHo3axnoro.o,bl. albedo.

I

FOpOrleU,KHRA.K. Onpe_eneHvte Gorodetsky, A. K. 1989. Determination of
xapaKTepHCTHKo6naHHOCTHno H3MepeHHRM cloudinesscharacteristicsfrom thermal
Tennoaoro H3nyHeHHRB o6nacTH cneKTpa radiationmeasurements in the 10- to
10-18MKM // OnTHKaaTMOCCI:).1989,2, N 2. 12-pro spectral region. A,mos. Opt.
C. 198-205. (2)2:198-205.

no,D,aHHblMCaMOneTHblX H3MepeHHR The emissivity of various cloud types in the
onpe_eneHaH3nyHaTenbHa_cnoco6HOCTb spectral region 10-12 .urnwas determined
o6naKoBpa3nHHHblXTHnOBB o6nacTH from aircraft observation data. Cloud
cneKTpa 10-12MKM.H3MepeHHRH3nyHeHHA radiationand atmospherecounterradiation
o6naKoBH npOTHBOH3nyHeHHRaTMOCC_epbl measurements were accompanied by
conpoBo)K,o, anHcb H3MepeHHRMH measurements of meteorological
aTMOC_epHbiXMeTeonapaMeTpoB. parametersof the atmosphere The
FlonyHeHHble3HaHeHHRH3nyHaTenbHO_ emissivityvalues obtained are used for
cnoco6HOCTHHCnOnb3OBaHblnpH pa3pa6oTKe developingmethods for remote sensingof
,D,HCTaHU,HOHHblXMBTO,D,OBonpe_eneHHR cloud characteristicson the basis of
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xapaFTepHCTHK obnaHHOCTH, OCHOBaHHblXHa combined spectral and angular
CO'.IeTaHHHcneKTpanbxblx H yrnoBblX distributions of radiation intensity.

Cnpe,o,eneHH_ HHTeHCHBHOCTH H3ny_4eHHR. Integrated simultaneous measurements in
MnneKcHble O,O.HoSpeMeHHbteH3MepeHHRe IR and VIS spectral regions are used for

HK- H BH,D,HMOMD,Hana30Hax cneKTpa determining temperature and cloud top
Hcnonb3oBaHbl_n_ onpe,l:leneHHR height. Combined with UHF-range
TeMnepaTypbt H SblCOTblsepxHe_ rpaHHLLbt observations, they are also used for
oOnaKoB, a S cOHeTaHHHC CBH-,QHana3OHaM determining phase composition.
H _a30BOrO COCTaBa.

I I I II - _ IIIII

Foponet_KH_ A.K., Opnoea A.I'L Gorodetsky, A. K., and A. P. Orlova.
Pag.HaU,HOHHbiexapaKTepHCTHKH oenaKOB. 1981. Radiation characteristics of clouds.
"_H3. acneKTbt ,QHCTaHU,HOH.3OH,D.Hp. Physical Aspects of Remote Sounding of
CHCTeMbloKeaH-aTMOC_." M., 1981. the Ocean-Atmosphere System. pp.
C. 178-191. 178-191.

I'lpoee_exbt H3MepeHH_"COeCTBeHHOrO Downwelling and upwelling radiation from
H3RyHeHHfloenaKOB B HHCXOD,RLU,eM H clouds was measured. The measurements
BOCXOD,RU_eMHanpaBneHHflx. H3MepexH_l were made with a radiometer sensitive in a
BblnOnHeHbtC nOMOIAbK:)pa_HoMeTpa, range of 10,5-12 pro. The angular course
4yBCTBHTenbHOFOB o6nacTH cneKTpa 10,5 - of the radiance of dense clouds is close to

12 MKM. YrnoaoR xo_ H3nyHeHHRnnOTHblX isotropic, with a difference of 2-3%. The
oSnaKOB 6nH3OK K H3OTpOnHOMyC angular course of the radiance of low- and
OTKnOHeHHRMH,O,O2-3%. Onpe£1eneHa mid-level dense clouds was found to be

H3ny,.IHTenbxa_lCnocoeHOCTbnnoTHbtX equal to 0.96:1:0.04.
oenaKos HH)KHeFOH cpe_,Hero _pycos,
KOTOpaRCOCTaBnReT0,96 + 0,04.

_ .Jl __ IIIIIIII L

I'op_,4ee 6.B., flapxoHos B.6., IVlorHnbXH_KH_ Goryachev, B. V., V. V. Larionov, S. B.
C.6., CaBent,es 6.A., UJ,yKHH I-.I-. 0 nOKaU,HH Mogllni_ky, B. A. Savelyev, and G. G.
o0naL4HblXoOpa3oBaHHRB pa3nH_4HblX Shchukin. 1989. On the location of cloud
o6nacTRx cneKTpa//Tp. 10Bcec. CHMn. no formations in different regions of the
na3ep. H aKyCT. 3OH,O,HpOBaHHIOaTMOCC_epbl, spectrum. Proc. Tenth All-Union Syrup. on
LI.1. TOMCK, 1989. C. 192-195. Laser and Acoustic Sounding of the

Atmosphere. Tomsk. Part 1. pp. 192-195.
HCCne,O,OBaHbl3aBHCHMOCTH(3)
3HepFeTH_4eCKHXxapaKTepHCTHK H3nyHeHHR Dependencies (D) of energy characteristics
OT napaMeTpoB cpe_bi H OKcnepHMeHTa S of radiation on medium parameters in

a3nH_IHblXo6nacTRx cneKTpa, various parts of spectrum and with various
aCCMOTpeHbl3 KOCh.nornouJ,eHHROT experiment types are investigated.

OnTHHeCKOrOceHeHHR cpe_,_,l_nR Dependencies of absorption factors on the
c_epHHeCKOR H aHH3OTpOnHORHH.D,HKaTpHC medium optical section for spherical and
pacce_HH_I,3 HHTerpanbHoro KO3_. anisotropic scattering indicatrices are
oTpa>KeHH_ OT ,QnHHbtSOnHblH3nyweHHRnpH considered Also considered are the

OTCyTCTBHHnornoLu,eHHR B cpe_e, 3 dependencies of integral reflection factor
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HHTerpanbHoroKO3_. oTpa)KeHHROT on radiationwavelengthwith no absorption
BO_HOCTH06naKos, OTMe4exo, 4TO in the medium andthe dependenciesof
npHMeHeHHeD,aHHblXOnTH4eCKHXH3MepeHHR integralreflectionfactoron the cloud water
_aeT BO3MO_HOCTbHcnonb3OBaHHR content.The authors pointout that the use
HCTHHHblX 3HaHeHHR oena4HblX napaMeTpos of optical measurement data makes it
BMeCTOcpe/:I.HeKnHMaTHHeCKHX H possible to use real cloud parameter
yMeHblLleHHR nOFpelLIHOCTH onpe_enexH_ values insteadof climaticaverages. In so
napaMeTposoenaKa c y4eTOMero doing,the error of determiningcloud
paaMepoa,COCTaBa H CTpyKTypbh Ha OCXOBe parameters is decreased taking into
axanH3anony4eHHb_X3 c_enax BblBO_, 4TO accountits size, composition,and
co4eTaHHe H3MepeHHlaBOnTHHeCKOMH structure.On the basis of analyzingthe
MHKpoBonHOBOMg.Hana3oHaxcneKTpa dependenciesobtained,the authors
nO3BOnAeTyMeHbUJHTbO61:,eMHCnonb3. concludeis drawn that a combinationof
anpHopHoRMeT. HHCI:)OpM.H nOBblCHTb measurementsin optical and microwave
TOHHOCTbnony4aeMblXpe3ynbTaTOS, spectrumranges allowsone to decrease

the amount of a priori meteorological
informationbeing usedand increasethe
accuracyof the results,

I!IIII ......

Fop_ea E.B., J'IapHOHOBB.B., MorHnbmaj_ Goryachev, B. V., V. V. Larlonov, S. B.
C.6._ CaaerlbeaB.A., M.I,yKHXr.r. Mogllnitsky, B. A. Savelyev, and G. G.
Pa/::IHaU,HOHHbi;I6anaHc oena4Horo cnoA npH Shchukin. 1989. Radiationbalance of the
ero ,o,po6neHHH//Pag,HOMeTeopon.:Tp.7 cloud layer in the courseof its
Bcec. coseuJ,.,Cy3_anb, 21-24 OKT. 1986.J'l. fragmentation.Radiometeorology:Proc
1989.C. 36.38. All-Union Meeting. Suzdal, 21-24 October

1986. Leningrad.pp. 36-38.
Hccne,o.oBax3(:I:)_eKT"npocBeTnexH_l"
oena4HoRcpe_b_npH ee ,O,poeneHHH6e_ The effect of cloud medium"clearing"
y4eTa B3aHMo_e_CTBHR Me)K_yOTAenbHblMH when it is breakingup was studied,not
4aCTRMHpacceHsaK)uJ,eR cpe,o,u,riot, taking intoaccountinteractionbetween
3CI:)(:_eKTOM"npocseTneHHA"nOHHManocb parts of the dissipatingmedium.The
yBenH4eHHenpoxo_,RuJ,ero nOTOKapa_HaU,HH increasein the passingradiationflowwhen
npH ,o,poeneHHHcpe,o,b_nOCTORHHO_ cloud"mediumof constantopticaldepth
OnTHHeCKOR,O.nHHblHa n 4acTeR TOR)KS breaks into n parts of the same optical
OnTHHeCKOR_nHHblC COOTBeTCTByiOUJ,HM depth is referred to as the "clearing effect."
coxpaHeHHeMyCnOBHI,;IOCBeUJ,eHHRH The effect of the breakingextent of
Haenlo_eHH_l.H3y4eHOBnH_HHecTenexH dissipatingmediumon radiation
pa36HeHHRcnoR pacceHBaK)U.l,e_cpe,qblHa characteristicswas investigatedkeeping
paD,HaLLHOHHblexapaKTepHCTHKHC y4eTOM lightingand observationconditions
_OpMbl HHD,HKaTpHCbl pacceflHHfl constant and taking into account the shape
BepORTHOCTHBbl)KHBaHHRKBaHTaH of the indicatrixof scattering,quantum
OnTHHeCKOR_nHHblcpe_,bl.Ha OCHOBe survival probability, and the optical length
npe,o.nox<eHHor'oaHanHTH4ecKoroMeTO,O,a of the medium. On the basis of the
peuJeHH_l3a,o,a4H nepeHocaHgny4eHH_a suggestedanalyticalmethodof solvingthe
npocTpaHCTBeHHO-OrpaHH4eHHI=IX problemof radiationtransfer in space-
_HcnepcHblXcpe,o,ax noKa3aHo,4TO C limiteddispersionmedia, it is shownthat
yaenH4eHHeM cTeneHH pa36HeHHR with the increase of the cloud field
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o6na4Horo cnoR _HKCHpOBaHHO_ _nHx61 breaking extent of fixedlength, the fraction
npoHCXO,O,HT ysenH4eHHe,o,onH of radiationwhich passes throughthe layer
nponyuJ,eHHOrOcnoeM H3rly4eHHR, becomeslarger because of the
06ycnoBrlexHoe_e_opMau,He_ nonR deformationof the multiplelight-scattering
MHOr'OKpaTxor'opacce_lHHOr'oCSeTa. field.

/HIIII[IIIII_ _ II IIIIIIIIIIII

ropA4u B.B., rlapm_KmB.B., MorHr_KH_ Goryachev, B. V., V. V. Larionov, S. B.
C.B., Caeer_,ee 6.A. O BrlHRHHHcTeneHH Mogllnitsky, and B. A. Savelyev. 1987.
_po6nexH_ o6na4HOCTHHa pa_HaLLHOXX61_ On the effect of cloudbreakingdegree on
6anaHc H3ny4eHHAS aTMoc_epe. - ",i_OKn. the radiationbalance in the atmosphere,
AH CCCP", 1987.294, N 2, C. 318-321. Rep. of the Acad. Sci. U.S.SR.

(294)2:318-321.
HccneD,osae 3CI:)_eKT"npocseTneHHA"
O6rla4xo_cpe_6i npH ee _po6neHHHH The effect of "clearing"of cloudswhen
yCTaHOeneH61OCHOBHble 3aKOHOMepHOCTH they are brokenis studied.The basic
_eI_ICTBHR 3TOr'O3_(:_eKTa. I'loKa3aHo,4TO regularitiesof the effect are established.It
,o,eglCTaHe3(:l::)_eKTaso3pacTaeTnpH is shownthat the effect increaseswith
yBenH4eHHH OnTH4eCKO_TonuJ,HH61 increasingcloudopticalthicknessand
o6na4HOCTHH nornoIJJ,eHHA.YCTaHOBneH absorptionand decreases with decreasing
TaKeS 3(:I:)_eKT yMeH61.1JeHHR,o,onH optical thickness and absorption.
nornouJ, eHHor'o H3rlyHeHHfl ilpH nOBblI.UeHHH
cTenexH _po6rleHHR_HcnepcHoRcpe_61.

I"peRcyx B.H., J'IeBHHH.IVLPac4eT Greisukh, V. N., and I, M. Levin. 1990.
nponycKaHHRnnocKor'oo6na4Horo cnoRc Calculationof a flat cloudlayer
y4eTOMnornouJ,eHH_//OnTHKa MOpRH transmissiontaking absorptioninto
aTMOC_ep61,KpacHoRpcK,2-7 CeHT.1990. account.Opticsof the Ocean and the
H.2. KpacHoRpCK,1990.C. 93. Atmosphere,Part 2. Krasnoyarsk,2-7

September 1990. Krasnoyarsk.p. 93.
npoae_eHo cpaBHeHHepac4eTos
nponycKaHHRcna6onor'rlouJ,aK)UJ,HX Asymptoticformulae and the Monte Carlo
pacceHBmOU_HXCrlOeeC nOMOUJ,bK) methodwere used to compare weakly
aCHMnTOTHHeCKHX cl:)-nH MeTO,QOM absorbing scattering cloud layers for
MoxTe-Kapno npH pasnH4H61Xyrrlax varioussun ray incidenceangles. It is
na,o.exHRCOrlHe4HblXny4eR, noKa3aHO,4TO shown that the use of asymptotic formulae
npHMeHeHHeaCHMnTOTH4eCKHX_-rl iS limitedbecause it is impossibleto
or'paHH4eHOHeBO3MO_HOCT610onpe,o,eneHHR determinethe survivalof photonin real
BepORTHOCTH Bbl;_HBaHHR CI:)OTOHaB clouds.
peanbHblXo6naKax.
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I'yngea IO.H. CTaTHCTH4eCKOe onHcaHHe Gulyayev, Yu. N. 1989. The statistical
Me3oMaCUJTaeHblXnone_ KOHBeKTHBHO_ description of convective cloud mesoscale
o6na4HOCTH C nOMOUJ,bK) pacnpe,qeneHH_ fields with the help of the Weibull
Be_eynna//¢H3. npou,ecc6a B aTMOC_. H distribution. Physical Processes in the
6e3onac. noneToB soz,o,yuJ. cyD,oB. J'l., 1989. Atmosphere and Aircraft Flight Safety.
C. 115-120. Leningrad. pp, 115-120

AHanH3 CHHMKOB cpe_Her'opa3peuJeHHR, The analysis of average-resolution pictures
nony4eHH6,X co cnyTHHKOBILl, "npHpo.o,a", obtained from satellites PRIRODA made it

no3BonHn B61,D,enHT6 CBblUJe60..TH possible to identify over 60 ensembles of
aHcaMeneR KOHBeKTHBHOI,;Ioena4HOCTH, a convective clouds in which measurements
KOTOpblXnpOH3Be,D,eHO H3MepeHHe H were made and different diameter clouds

no_c4eT 06naKoB pa3nH4HOrO ,qHaMeTpa. were counted. It is suggested that the
CTaTHCTH4eCKOe OnHCaHHepacnpe,o,eneHH_ statistical description of cloud size
o6naKoB no pa3MepaM npe,qnaraeTcR distribution can be made with the help of
BblnOnHHTbC nOMOUJ,6tOpacnpe,o,eneHH_ the Weibull distribution, it is shown that the

Be_eynna. noKa3aHo, 4TO napaMeTp6, Weibull distribution parameters depend on
pacnpe,o,eneHH_ BeA6ynna 3aBHCRTOT TOrO,
S KaKOglBo3_yUJHO_Macce Haenlo,QaloTcfl the air mass in which the clouds are
o6naKa, observed.

Hcaee F.H. BnHRHHepa,a.Hau,HOHHOrO Isayev, G. h 1985. The effect of radiation
nepeHoca Tenna Ha _OpMHpOBaHHe heat transfer on cloud formation in the
o6naHHOCTH B Mo_enH D,HHaMHKH atmospheric boundary layer dynamics
norpaHH4HOrO cnoR aTMOCC_ep6s."HHCn. model. Numerical Methods in Atmospheric
MeTO,Q61B 3aD,a4ax C_H3.aTMOCCI:).H oxpaH6, Physics. Physics and Environment
oKpy>K,cpe,qbi". HOBOCHeHpCK,1985. Protection Problems, Novosibirsk. pp.
C. 16-28. 16-28.

OnHCaH614HCneHHble3KcnepHMeHT61no Numerical experiments with a view to
HCCne,D,OBaHHIOBnHRHHRpaJ_HaU,HOHHblX studying the effect of radiation heat influx
npHTOKOBTenna Ha npou,ecc oepa3OBaHHR on the process of stratus formation and the
CROHCTblXo6naKos H HX oepaTHOe BRHRHHe dynamics of the atmosphere are
Ha ,QHHaMHKyaTMOCC_ep61.,[],nHHHOBOnHOBble described. The integral transmission
nOTOKHpa,0,HaU,HH paCC4HT61BanHc6C function was used to calculate long-wave
Hcnon63OBaHHeMHHTeFpanbHO_ C_-I._HH radiation. The turbulent energy balance
nponycKaHHR,nony4eHHaR paHee CHCTeMa equation was added to the set of equations
yp-HHR, OnHCblBatouJ,aR nepeHoc MOMeHTa describing momentum, heat, and moisture
Tenna H snarH, O61na _ononHeHa transfer in use. To demonstrate the effect
ypaBHeHHeM OanaHca TypOyneHTHO_ of radiation fluxes on cloud formation,

3HeprHH. ,O,nR BblRCHeHHR BnHRHHR experiments were staged with and without
paD,HaI.I,HOHHblXnOTOKOBHa o6pa3OBaHHe parameterization of radiant heat transfer.
06naKoB npoBo,qHnHc6 3KcnepHMeHTbi C Radiation heat influx distribution shows

y4eTOM H 6e3 y4eTa ny4HcTor'o that cooling is clearly localized in space
TennooeMeHa. Pacnpe,o,eneHHe npHTOKOB and toes up as the cloud top goes up.
pa,D,HaU,HH noKa361BaeT,4TO BblXOna;>KHBaHHe "

Coolir,g _at_ at cloud top amounted to
4eTKO noKanH3oBaHO B npocTpaHCTBe H 1.32°C per hour. Atmospheric heating was

observed at and below the cloud base. It
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nO,O,HHMaeTcg C no.o.l:,eMOMsepxHeR was established that the effect of Iong-
rpaHHLLbl.CKOpOCTb Sbaxona>KHaaHH_Ha wave radiation is most pronounced at night
rpaHHu,e oenaKos _OCTHrana 1,32" C/_. Ha when vertical exchanges caused by
HH)KHeRrpaHHu,e oenaKa Haenlo_anc_ vertical motions and turbulence are
Harpea aTMoc_epbl. YcTaHosneHo, _TO weaker.
BnHRHHe,QnHHHOBOnHOBOr'OH3rlyHeHHR
Oco6eHHOCHnbHOnpo_BnReTC_ a HO4Hbae
qaCbl_KOl'_a ocna6rleH BepTHKanbHblRO6MeH
3a CHeT BepTHKanbHblX_IBH_eHHglH
TypeyneHTHOCTH.

" II II

_CTOMHHa J'Lr'._ ManKoea B.C. Istomina, L. G,, and V. S. Malkova.
Hccne,o,OBaHHenpocTpaHCTBeHHOR 1986. Research on the spatial structure
CTpyKTypbl H OnTH4eCKHXnapaMeTpoB and optical parameters of clouds using
O6rlaKOBCO cnyTHHKOB.- "OnTHKa satellites. Optics of the Atmosphere and
aTMOC_epba H a3po3onb",M., 1986. Aerosols. Moscow. pp. 124-133.
C. 124-133.

A procedure for the quantitative description
PaCCMaTpHBaeTCRMeTO,O,HKa KonH_eCT- of two-dimensional cloud field structure is
BeHHOrOOnHCaHHRnpocTpaHCTBeHHO_ considered. Estimates of basic

cTpyKTypbl ,O,ByMepHblX noneR oenaHHOCTH, inhomogeneity ranges that characterize
npHBO,O,HTCRoU,eHKa BenHHHHOCHOBHblX cloud formation structure over a wide
MacwTaeOB Heo,Q.HOpO,O,HOCTeR range of spatial frequency spectra are
xapaKTepH3yK_UJ,HX cTpyKTypy oena'4Hb|X given. Such parameters of clouds as
oepa3oBaHHR B UJHpOKOM_Hana30He optical thickness and specific absorption
npocTpaHCTBeHHOrOHaCTOTHOrOcneKTpa. Flo are also determined from radiation

pa,QHau,HOHHblMH3MepeHHRMB pa3nHHHblX measurements in different portions of VIS
yHaCTKaX BH,D,HMOr'OH HH_paKpaCHOr'O and IR spectra. The results obtained
,o,Hana30Ha cneKTpa oilpe,o,erlglOTC_lTaK;_e

confirm the existing ideas of the large
napaMeTpbl o6naHHOCTH - ORTHNeCKaR

value of radiation absorption in clouds.
TonuJ,HHa H y,l:lenbHoe nornouJ,eHHe.
nony4eHHbm B HaCTORUJ,el;I pa6oTe
pe3ynbTaTbl nO,l::lTaep_alOT npe)KHHe
npe/:lcTasrleHHR o 60nbLUORBenHHHHe
nor'nouJ,eHHR pa_Hau,HH S oenaKax.
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Kai4y_ J'LP.AHanH3KoppenRu,HOHHbtX Kachurina, L. R. 1989. Analysisof
Ca_13e_ta non_x o6u.l,e_toGna_HOCTH correlations in the Northern Hemisphere
ceBepHorononyLuapH_//Tp. BHHH total cloudinessfields. Proc. All- Union
rH,o,poMeTeopon.HH(:_.-MHpOB. U,eHTpa Res, Inst. Hydrometeorol. Inf.World Data
,O,aHHblX. 1989. -Bban.150. C. 78-90. Cent. 150:78-90.

npHBO,O,RTC_pe3ynbTaTbl aHanH3a Results of analyzing the space correlation
npocTpaHCTBeHHblXKoppen_lU,HOHHbtXCBR3eR in the NorthernHemispheretotal
Bnon,Ix o6uJ,eR o6naHHOCTHCeB. cloudinessfieldsare presented. Daily
nonyuJapH_i.Hcnonb3OBaHbte)Ke,O,HeBHble satelliteobservationsare used from
,O,aHHblecnyTHHKOBblX Ha6nlO,O,eHHR3a January and July 1966-1980 and from
flHaapbH HIOnb1966-1980 rr. H ,l:lnR individual reference points for 1981-1985
OT,O,enbHblXpenepoB3a 1981-1985rr. B y3nax in 5 by 10° regular grid points.An
CeTKH5X10o. ,[],nflaHanH3anpHMeHeH approachbased on evaluatingthe spikes
no,Qxo_, OCHOBaHHblI;IHa ou0eHKe of the two-dimensionalcharacteristicsin
xapaKTepHCTHK _syMepHblX Bbl6pOCOBB the correlationfieldswas used for analysis.
nonRxKoppenRu,HR.nony'.0eHbl Quantitativedescriptionsof connectivity
KOnH_.lecTaeHHl:,teonHcaHHRoLlaroa points(area, linear dimensions,and
CBR3HOCTH (nnouJ,a_b, nHHe_Hblepa3Mepbl, anisotropicitydegree) were obtained as
cTeneHbaHH3OTpOnHOCTH)H CBe_,eHH_IO6 well as characteristicsof their distribution
OCO6eHHOCTRX HX pacnpe,o,eneHH_B pa3HbtX in differentlatitudinalzones of the
UJHpOTHblX 3OHaXnonyuJapHR,nony4eHbn hemisphere.New empiricaldata on space
HOBble 3MnHpHHeCKHe ,QaHHble O correlationin the total cloudinessfield in
npocTpaHCTBeHHORKoppenRU,HH Bnone the hemispherewere obtained.
O6LU,el,;Io6naHHOCTH Ha nonyuJapHH.

IB II I III

KaH K.A. CHHOnTHHeCKHenpou,eccbi, Kan, K. A. 1988. Synoptic processes
npHBO_RUJ,He K 06pa3OBaHHK)HH3KOI;1 resultingin the formationof low clouds in
o6naL.IHOCTHB paRoHeAnMa-ATbl//Tp. Ka3. the Alma-Ata area. Proc. Kazakh. Reg.
perHoHHH rH,QpoMeTeopon.HH-Ta.1988. Sci. Res. Hydrometeorol. Inst.
shin. 100. C. 121-127. 100:121-127.

no ,I:_aHHblM 3a OKTR6pb-anpenb1977-1982rr. Data are used to study the synoptic
HCCne,QOBaHbl CHHOnTHHeCKHe ycrlOBHR conditions of low cloud (LC) formation in
¢I:)OpMHpOBaHHRHH3KOI;t o6rlaHHOCTH(HO) B the Alma-Ata area. LC conditionswere
paRoHer.AnMa-ATbt. 3a cny_aR c HO defined as those with cloud base heights
6panacb HH)KHRRrpaHHu,a o6naKoBBblCOTOI,Tt of 200 m or less. The classificationof
200 M H HH>Ke.B OCHOSyTHnH3au,HH weather processesresultingin the
CHHOnTHHeCKHX npou,eccos, npHBO,O,_UJ,HX K formationof LC is based on the
o6pa3OBaHHIOHO, nono_eHo reorpa- geographical location of anticyclones (A)
_HHecKoe nono_eHHe aHTHU,HKnOHOB (A) from outbreak to formationand at the
BTop_eHHR ,QOo6pa3OBaHHRH BMOMeHT momentof LC occurrence. It is shownthat
BO3HHKHOBeHHRHO. rloKa3aHo,HTOno the air mass A type participatingin the
reorpa_H_ecKoMy nono)KeHHIOyKa3aHHblXA formationof LC can be judged on the
H TpaeKTOpHHHXCMeuJ,eHHRMO)KHOCy/J,HTb basisof the geographical locationof
o THnax BO3.D,yUJHblX Macc, yHaCTByK::)U.I,HX B anticyclonesand the trajectoryof their
_OpMHpOBaHHH HO. Bbl,o.eneHo 4 THna movement. Three types of synoptic
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CHHOnTH4eCKHXCHTyau,H_ (K)ro-3an.,H situations (south-west and north-west
ceB.-_an,aHTHU,HKnOHanbHbleBTOp)KeHHfl, anticyclone outbreaks and stationary
CTaU,HoHapHweA). YCTaHoBneHo,NTO4auJ,e anticyclones) were identified. It was
Bcero (35.4 % o0uJ,ero 4Hcnacny4aeB) establishedthat most often (in 35.4% of
o0pa3oBaHHeHO CBR3aHOC ceB.-3an, the total number of cases) LC formation is
BTOp)KeHHRMH A. MaKc.npo,o, On_HTenbHOCTb related to north-west outbreaks of
HO (B OT,O,enbHblXcny4aHx ,o,o39-40 4) anticyclones.LC maximum lifetime (to
Ha0nK),o,anacb npHK>ro-3an.BTOp)KeHHRXA, 39-40 hours in individualcases) was
a MHHHManbHaH(3-44) npHCeB. observed at times of south-west outbreaks
-3an.BTOp:_:eHHRX. whereas minimum lifetime (3-4 hours) was

associatedwith north-westoutbreaks.

XBOI:)OCTbtRINOIBB.H. Mo,o,enHposaHHe3OHU Khvorostyanov, V. I. 1988. Modelling of
HCKyCCTBeHHOI;t KpHCTanH3alJ, HH H npocseTa artificialcrystallizationand clearance zone
Bo6naKe npH H3MeHeHHHC BblCOTOI_IC,O,BHra in the cloudwith changes in the wind
BeTpaH KO3_(:I:)Hu,HeHTaTyp0yneHTHOCTH// shear and turbulence coefficientwith
Tp. U.eHTp.a3pon, oOcepB.- 1988.N 171. height.Proc. Cent. Aerol. Obs. 171:37-49.
C. 37-49.

A two-dimensionalnumericalmodel of low
HsnaraeTcR _ByMepHaR4HcneHHaHMO,l:lerlb cloud artificial crystallization is given in
HCKyCCTBeHHOI;I KpHCTanrlH3al4HH HH3KHX
o0naKOB,e KOTOpORMHKpOCI:)H3H4ecKHe whichmicrophysicalprocesses arecalculatedjointly with turbulenceand wind
npou, eccw paCC4HTblBalOTCR COBMeCTHO C fields, and radiationprocessesare
rlOnRMHTyp0yneHTHOCTHH BeTpa, calculatedjointly with heat and moisture
pa,I:IHal4HOHHblMHnpou,eccaMH, exchangewith the surface. General
TenrloBnar'oo0MeHOM c noBepXHOCTblO.
Hccne,o,OBaHblO0UJ,He 3aKOHOMepHOCTH regularitiesof crystallizationand clearance
pa3BHTHR 3OH KpHCTannH3alJ, HH H npocBeTa zone developmentare investigatedthat
npH B3aHMO,O.el;ICTBHH MHKpO(:I:)H3H4eCKHX result from the interaction of microphysics
npou,eccoBc Heo,D,HOpO,O,HblMH no BepTHKanH processes with the verticallynonuniform
C,QBHI'OM BeTpa H KO3C_. Typ0yneHTHOCTH wind shear and turbulence coefficient by
npH nnOCKOCTHOM 3aceBe rpaHynaMH means of areal cloud seedingwith
yrneKHcnoTbl H nHHeRHOM3acese c granulatedcarbonic acid or linear seeding
nOMOUJ,bK)reHepaTopa. YCTaHOBneHo,4TO by usinga generator. It was established
CKOpOCTb CMeLI.I,eHHR3OHblnpocBeTa6nH3Ka that the clearance zone displacementrate
K CKOpOCTHHa BepxHeRrpaHHu,e 00naKa. is close to that at the cloudtop. The width
Ou, eHeHbl uJHpHHa, BpeMH coxpaHeHHH 3OHbl, of the zone, its lifetime,distancebetween
paCCTORHHeMe)K,0,yrlHHHRMH3aceBaH the lines of seeding,and distanceto the
paCCTORHHe ,0.OO61_eKTa,Ha KOTOpOM object to be modifiedunder givenweather
cne_yeT npOBO,O.HTbBO3,0,el;ICTBHenpH conditionsare evaluated.
pacCMaTpHBaeMblXMeTeoycnOBHRX.
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KHcnoBA.B., CeMeHOBE.K. CneKTpanbHaR Kislov, A. V., and Ye. K. Semyonov.
cTpyKTypa MeTeoponorHHeCKHXnoneRH 1982. The spectralstructureof
Me)KrOD'OSbte@nyKTyau,HHo6naLiHor'o meteorologicalfields and interannual
noKpOBa(RBneHHe3nb-HHHbO)."Tp. BHIAH fluctuationsof cloud cover relatingto El
rH_poMeTeopon. HH_.-MHpOB. LteHTpa NiSo. Proc. All-Union Res. Inst.
D'aHHblX", 1982.N 94. C. 55-68. Hydrometeorol.Inf. World Data Cent.

94:55-68.
Hccne_,yeTcRnpHpo/:la_nyKTyau,HR
o6na4Horo noKposaTponH4eCKOR3OHE,t 3an.H The nature of cloud cover fluctuationsin
U,eHTp.qaCTHTHxoro oKeaHaBLuHpOKOM the West and CentralTropical Pacific (from
D'Hana3oHeOT Me)KrO_OSbtX_O interannualto diurnal) is studied.A
OKOnOCyTOHHblX Kone0aHHR. OTMeHeHO dramatic differencein the cloud picturein
pe3KoeOTnHHHeKapTHHblo6na4HOCTH1972 1972 was noted in comparisonwith the
i-. OT OCTanbHblXLUeCTHpacCMOTpeHHblX other 6 years considerec' ,flecting the
neT, HTORBHnOCboTpa_:eHHeM presence of a large-scalecirculation
KpynHOMaCUJTa6HORaHOManHHu,HpKyn_u,HR anomaly(El Nir_o).The spectral analysisof
(3nb-HHHbO).CneKTpanbHE,tRaHanH3 cloud,wind, temperature,and humidity
H3MeHHHBOCTH noneR O6rlaHHOCTH, seTpa, field variabilityshowed the presence of
T-phi H Bna)KHOCTHnoKa3anHanHHHe synoptic-scale(with a period of 3 to 7
_nyKTyau,HR CHHOnTHHeCKOr'O (C nepHo_oM days) and global-scalefluctuations.
3-7 CyTOK)H rno6anbHoro (c nepHo_,OM2-3
He_,enH)MaCUJTa6OB.Bo sceR Tponoc_epe Fluctuationsof meteorologicalelements
npocne)KHaaK:)TC_Kone6aHHl_ with a period of about 1 day are observed
MeTeoponorH4ecKvlX:)neMeHTOSC throughoutthe troposphere.
nepHoD'OMOKOnO1 CyTOK.

KoH,o.paTbeSK.R., 6HHeHKOB.H. Kondratyev, K. Ya., and V. I. Binenko.
Oco6eHHOCTH CneKTpanbHE,tXpa_HaU,HOHHb0X 1989. Specific features of spectral
xapaKTepHCTHKCnOHCTOO6pa3HbtXo6naKos radiationcharacteristicsof strata over the
HaD,ropo_oM //Me>Ksy3. C6. Hay4. Tp. city. Interinst.Collection of Research
/J'leHHHrp.rH_.poMeTeopon. HH-T. 1989. Papers. Leningrad Hydrometeorological
C. 5-9. Institute. pp. 5-9.

PaCCMOTpeHblOCO6eHHOCTHcneKTpanbHbtX Specific features of strata spectral
pa_IHau,HOHHbtXxapaKTepHCTHK radiation characteristicsover the city are
CnOHCTOO6pa3HblXo6naKoBHa_ ropoD'OMno considered in comparisonwith relatively
cpaBHeHHIO C OTHOCHTenbHOHHCTblMH clean cloudsover a rural area and the sea
o6naKaMHHa,o,cenbcKo_ MeCTHOCTblOH

on the basis of integratedanalysis of
MOpeMHaOCHOBeKOMnneKCHblX subinversionlayerclouds over
HccneD'OBaHHI;t nO,O,HHBepCHOHHblX o6naKOB Zaporozhye. The following characteristics
HaD"r. 3anopo>KbeM.BblrteneHbtcneD,yK)_He of urban area clouds are identified: (1) a
Oco6eHHOCTHropoD'CKHXo6naKOB:1) larger amount of condensation nuclei, and
6onbuJeeco;lep_:aHHe _lrlep KOHrleHcau,HH,a hence a higher concentration of droplets;
cne_oBaTenbHo, H 6onee BblCOKaR (2) droplet size distribution intermediate
KOHU,eHTpau,H_IKanenb;2) no between that seen in sea clouds, which
pacnpeD'eneHHK_Kanenbno pa3MepaM have the largest amountof large droplets3aHHMaK:)TnpoMe;_yTOHHOenono)KeHHe
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Me>KAy MOpCKHMHo6naKaMH, KOTOpble and rural area clouds which have the
co_ep>KaT HaH6onbuJee KOn-BOKpynHblX largest amount of small droplets; (3) a high
Kanenb, H o6naKaMH Ha_ cenbcKOR degree of mineralization in cloud water
MeCTHOCTblOC HaH6OnbLUHMCO,O,ep_aHHeM samples, with the largest amount of
MenKHX Kanenb; 3) BblCOKaR MHHepanH3au,H_ pollutants observed close to cloud base;
npo6 o6na4HoR BO,O,bl, npH4eM HaH6onbuJee (4) decrease in the concentration of
3al'pfl3HeHHe Ha6nlo,QaeTcg B6nH3H HH)KHe171 admixtures in the cloud water with the
r'paHHU,bl o6naKa; 4) OTMe4eHO y6bIBaHHe increase of intake level in the cloud over a

KOHU,eHTpaU,HH npHMeCeR B o6na4HoR BO,O,eC city in comparison with a similar cloud over
nOSblUJeHHeMypOBHR3a6opa B o6naKe Had a rural area; (5) the prevalence of anion
ropo,o,OM no cpaBHeHHIOC TaKHM )Ke S04"2and cation NH4+and along with
o6naKoM Ha,o,cenbcKOR MeCTHOCTblO;5) soluble admixtures a large amount of
npeo6narla_oT aHHOHS04 B - 2 cTeneHH H insoluble soot particles (organic
KaTHOHNH4+, HapR_y C paCTBOpHMbIMH substances are 30-50% of the total mass
npHMeCRMHCO/:Iep)KHTCR6onbLuoe KOn-BO of insoluble deposition); (6) deeper
HepaCTBOpHMblX4aCTHU,Ca)KH;BKna_l
opraHH'_eCKHXBeuJ,eCTB _IOCTHFaeT30-50% sulphate, nitrate, and carbon dioxide
MaCCbl acer'o HepaCTBOpHMor'ooca_Ka; 6) absorption bands in relative brightness
cneKTpbl OTHOCHTenbHOI;1RpKOCTHo6naKoB spectra which is a sign of a higher
HMelOT 6onee rny6oKHe nonocbl pollution level; (7) more pronounced

decrease in the cloud albedo over a city
nornou.l,eHH_ cynbc_aTHblX, HHTpaTHblX
coe/;IHHeHHRH yr'neKHcnor'o r'a3a, 4TO for shorter wavelengths in comparison with

the albedo of the same type over ruralCBH_eTenbCTByeT O 6onee BblCOKOMypOBHe
HX 3ar'pR3HeHHR;7) 6onee 3aMeTHOe areas; and (8) increase in the absorptivity
yMeHbLUeHHeanb6e,o,o O6rlaKOBHa,elropo.o,OM in the visible portion of spectrum because
D,nR 6onee KOpOTKHX,D.nHHBOnHno of the presence of an active aerosol,
cpaBHeHHIOC anb6e,Qo TaKHx ;_e o6naKoB
Ha,O.r'opo,o.OM;8) yBenH4eHHe nornouJ.aK)_eR
CI'IOCO6HOCTH ropo,o.cKoro o6naKa B
BH,QHMOITt o6naCTH cneKTpa 3a C4eT
npHcyTCTBHRB HeM OnTH'4eCKHaKTHBHOr'O
aepo30ns_.

KoH,qpaTbeeK.:P,.,Ko3onepoeB.B.,KRpHep Kondratyev, K. Ya., V. V. Kozodyorov,
O.IO., K33eanru4K C.X. Me>Kro_oBa_l O. Yu. Kyarner, and S. Ch. Keevallik.
H3MeHHHBOCTbpacnpe/:},erleHH_KonH4eCTBa 1989. Interannual variability of cloud
o6naKoa//HccneD.. 3eMnH H3 KOCMOCa. amount distribution. Earth Res. Space
1(389. N 3. C. 29-34. 3:29-34.

AHanH3HpyK:)TCR_aHHble cnyTHHKOBblX Satellite cloud amount data are analyzed
H3MepeHHRKon-sa o6naKoB H nOTOKa as well as solar radiation flux reflected
ConHe4HORpa_Hau,HH, oTpa)KeHHOR3a C4eT because of clouds over areas of 0.25 x 105
o6na_IHOCTHHa,0,KSa/3,paTaMH0,25 MnH. KM. km2. The stability of annual means
YKa3bIBaeTcg Ha HanHHHe yCTORNHBOCTH averaged over large areas is pointed out It
cpe_.Hero,0,OBblX3HaHeHHI;13THX BenHHHH, is shown that the probability distribution of
ocpe/:lHeHHblXno 6onbwHM nnOLU,a_RM. cloud amount and the intensity of reflected
rloKa31:,laaeTcR,4TO pacnpe,o,eneHH_
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BepORTHOCTeRKOn. o6naKOB H radiation for various years are essentially
HHTeHCHBHOCTH oTpa:)KeHHORpa_Hau,HH ,o,nR different at the 95% significance level
pasHblX neT CyLu,eCTBeHHOpasnH4aiOTCR Ha
95%-HOM ypOBHe 3Ha4HMOCTH.

KOH,Q.paTbeBK.R.,XBOIXX:Tbl;II-IOBB.H., Kondratyev, K. Ya., V. I. Khvorostyanov,
EX)H,o.apeHoKB.r'. 0 BnHRHHH and V. G. Bondarenok. 1984. On the
MHKpOCTpyKTyp60H BO.O,HOCTH O6rlaKOB Ha effect of the cloud microstructure and
HX pa_,Hau,HOHH61_pe:>KHMB pasnH4Hb0X water content on the radiation regime at
UJHpOTaX."_OKn. AH CCCP",1984.276, different latitudes. Rep. Acad. Sci.
N 1, C. 92-95. U.S.S.R. 276(1):92-95.

CrlenaH6a pac4eT6i BnHRHHRnapaMeTpoB The effects of cloud microstructure and

MHKpOCTpyKTyp61H BO,QHOCTHO6rlaKOBHa water content on radiation regime were
HX pa,o,HaU,HOHH61_pe;_HM B TponHHeCKHX, calculated for tropical, middle, and polar
yMepeHHE,iX H norlRpH61XuJHpOTaX, latitudes. The computations were made on
onHpaK)UJ,HeCRHa 3a_aHHe Tpex Mo_eneR the basis of three models of the

aTMOC(_ep61,co_ep)KauJ,HX cnnOLUHyK) atmosphere with continuous strata at
CrlOHCTylOO6rla'-IHOCT6Ha BblCOTaX400-800 400-800 altitudes. Radiation flux vertical

M. B61'4HCneHH_sepTwKan6H61X profiles were calculated by using two-flux
pa,o,Hau,HOHHblXnOTOKOBocyuJ,eCTSneHbl Ha approximation. The analysis of
OCHOBe,D,ByXnOTOKOBOrOnpH6nH)KeHHR, computational results showed that the
AHanHs pesyn6TaTOS B6i4HcneHH_ noKasan, formation of cloud albedo and transmission

4TO _OpMHpOaaHHe an66eD,o H nponycKaHHR is determined by their whole bulk.06naKoB onpe,o,en_eTcR BrlHRHHeMBceR HX
TOrlI.U,H,npH4eM conocTasneHHe pac4eTH6aX Comparison of computed and measured
3Ha'-IeHHRC H3MepeHHblMHBb0RBHrlOxopouJee values showed good agreement. Snow
COOTBeTCTBHe.B BblCOKHX uJHpOTaX cover albedo contributes most to forming
_,OMHHHpyK)UJ,H_ SKrla_ S _OpMHpOBaHHe cloud albedo in high latitudes. Difference in
arlb6e_o 06naKoB BHOCHTar166e/].O the microstructure of clouds over
CHe)KHOr'OnoKpoBa. Pa3rlH4He continents and oceans calls for separate
MHKpOCTpyKTyp61O6rlaKOBHa_ MaTepHKaMH parameterization of cloud albedo over
H oKeaHaMH onpe_,enReT Heo6xo,I_HMOCTb continents and oceans. Maximum radiant
pa3_,en6HoR napaMeTpHsau,HH an66e_,o heat influx caused by long-wave radiation
o6naKoB Ha_ MaTepHKaMH H oKeaHaMH, decreases with decreasing water content
MaKc. rly4HCTbl_ npHTOKTenna 3a C4eT and temperature, as well as with the
,O,nHHHOBOnHOBORpa,o.Hau,HH y661BaeTC increase in the water content of the
yMeHbLUeHHeMBO,D,HOCTHH T-p61, a TaK)Ke C atmosphere over the clouds and increasing
pOCTOMBnaH<HOCTHHa_o6na4HoR average droplet size. Short-wave radiation
aTMoc_ep61 H cpe_Hero pa3Mepa KanenE,. influx is strongly dependent on the latitude
rlpHTOK KOpOTKOBOrlHOBORpa,o,HaU,HH CHnbHO (sun elevation) and is characterized by
3aBHCHTOT LuHpoT61(BblCOT61CorlHu,a) H spectral distribution variability because it is
xapaKTepH3yeTcA H3MeHNHBOCT610 always lower than the heat influx coupled
cneKTparl6Horo pacnpe,o,eneHHR, 6y,o,y4H BO with long-wave radiation, which is a major
Bcex crly4aRx MeHbUJenpHTOKa Tenna, factor in the clouds functioning as a
06ycnoBneHHoro ,D,nHHHOBOnHOBOI;1 "thermal whole." It is very important that
pa,o.Hau,HeR, 4TO onpe_lerlf]eT the variability of microstructure be taken
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C_yHKU,HOHHpOBaHHeo6naNHOCTH KaK into account in cloud formation models
"TennoR RMbI". B MO.O,enRx because an initial 15-20% error in the

o6naKoo6pa3oaaHHA OC06eHHOBa)KHO influx after 5-10 h of cloud evolution can
yqHTblaaTb H3MeHqHBOCTbMHKpOCTpyKTypbl, result (because of very strong feedback
nOCKOnbKyHa4anbHaR OUJH6Kae npHTOKeOK. between water content and influxes)in an
1.5-20% MO:)KeT(BcneD,CTBHe CHRbHblX error of about 30-50% in water content

o6paTHblX Cag3eR Me)K_y BO,[IHOCTblOH and cloud top and base heights.
npHTOKaMH)3a BpeMR 5-10 q. 3BOnlOi4HH
o6naKa npHBeCTHK OI.UH6KeBO,D,HOCTHH
BblCOTaXI'paHHU,O6rlaNHOCTHnopR_Ka
30..50%.

KoH,u.paTbaK.R.,BHHe.HKOB.H.,_b._.KO Kondratyev, K. Ya., V. I. Binenko, L. N.
J'I.I'L, Kop3oa B.H., MyxeH6epr B.B. Anb6e_o Dyachenko, V. I. Korzov, and V. V.
H yrnosble xapaKTepHCTHKH oTpaX(eHHfl Muchenberg. 1981. The albedo and
no_cTHnmOLU,eR noBepXHOCTHH o6naKOB. FI., angular reflectance characteristics of
I"H_,pOMeTeoH3,0.aT,1981.232 C. clouds and underlying surfaces.

Gidrometeoizdat. 232 pp.
B MOHOFpa(:I:)HHCHCTeMaTH3HpOBaHbl,D,aHHble
06 HHTerpanbHOM H cneKTpanbHOM anb6e,o.o, Data obtained from land-based, aircraft,
a TaK)Ke O6 yrnosblx xapaKTepHCTHKaX and satellite radiation measurements are

oTpa;_eHHg OCHOBHblX THnOB no,o,CTHnatouJ,eR used to analyze the integral and spectral
noBepxHOCTHH cnrlOUJHOR06rlaHHOCTH, albedo of continuous clouds, as well as the
norlyqeHHble Ha OCHOBeHa3eMHbiX, angular characteristics of the reflectance of
CaMOneTHblX H cnyTHHKOBblXH3MepeHHR major underlying surfaces types. The book
pa.o,HaU,HH. KHHFa COCTOHTH3 cne,QylOLU,HX consists of the following chapters: (1)
rnaB: 1. HHTerpanbHoe anb6e,o,o Integral albedo of the underlying surface;
no_cTHrlalouJ,e_ noBepxHOCTH.2. (2) Spectral albedo and the underlying
CneKTpanbHoe arlb6e_o H KOO¢I:). surface spectral brightness coefficient; (3)
cneKTpanbHOR RpKOCTHnO£1CTHnaK)LU,eR Albedo of the earth-atmosphere system;
noBepXHOCTH;3. Anb6er[o CHCTeMbl"3eMHaR

(4) Cloud reflectance; and (5) Angular
noBepxHOCTb- aTMOCCl:)epa".4. characteristics of the underlying surface
OTpa)KaTenbHag cnoco6HOCTb 06naKOB; 5. and cloud reflectance from aircraft
Yrnoeble xapaKTepHCTHKH oTpa:)KeHHR measurement data
no,l:lCTHrlalOuJ,eR noBepXHOCTHH o6naKoB no
,QaHHblMCaMOneTHblXH3MepeHH_.
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KOI:X)TKOBA.H. VI3MeHHHBOCTb Korotkov, A. I. 1989. Variability of meso-
Me3oMaCLUTa6HblXpa,o,HOnOKaU,HOHHblX scale radar characteristics of clouds over
xapaKTepHCTHK o6naHHOCTHHa_ tropical oceans, Tropical Meteorology
aKBaTOpHRMHTponHHeCKOA3OHbloKeaHos // Proc., Fourth International Symposium,
Tpon. MeTeopon.: Tp. 4 Me)K_yHap. CHMn., Havana, 13-17 April 1987. pp. 372-378.
I-aBaHa, 13-17 anp., 1987. J'l., 1989. C. 372-378.

Experimental data of meteorological radars
Ha OCHOae_3KcnepHMeHTanbHblXP,aHHblX on board research vessels is used to

MeTeoponor'HHeCKHX pa_,HOnOKaTOpOB, analyze cloud variability in different
yCTaHOBneHHblXHa HayqHO- circulation systems of the East Atlantic.
Hccne,o.osaTenbcKHx cyrtax, npoBe_eH Fluctuations of maximum cloud heights
aHanH3 H3MeHHHBOCTH o6naHHOCTH a with a period of 3 to 8 h are pointed out. It
pa3nH_HblX U,HpKyn_u,HOHHbiXCHCTeMax is emphasized that fluctuations are most
BOCT. ATnaHTHKH. noKa3aHo HanHHHe pronounced during cold outbreaks.
KOrle0aHHR MaKCHManbHblXBblCOTo6naKoB c

nepHo,O,OM OT 3 _O 8 q. I']o_epKHBaeTcR,
_ITOKone6aHHR HaH6onee RpKO
npocfle_HBalOTCR BOBpeMR xono,QHbiX
BTOp;_eHHR.

KopwyHOB B.A., POMaHOBH.n., _x)¢a A.C. Korshunov, V. A., N. P. Romanov, and
HeKOTOpble pe3ynbTaTbl Hccne,o,OBaHHR A.S. Drofa. 1991. Some results of
xapaKTepHCTHK HH)KHel;IrpaHHU,bi CnOHCTOR studying strata base characteristics using
o6naqHOCTH C Hcnonb3OaaHHeMnH_apHoro H lidar and other methods. Proc. Exp.
_pyrHx MeTO,I_OB//Tp. H3M. 1991. Bban. Meteorol. Inst. 52(147):124-143.
52(147). C. 124-143.

Results of comparative measurements of
I'IpHBO,O,_TC_Ipe3ynbTaTba cpaBHHTenbHblX low-level strata transparency that use lidar
H3MepeHHR npo3pa_HOCTH B HH;>KHeMcnoe and base bar methods on an inclined route
cnOHCTblX o6naKOB nH,o,apHblM H 6a3HCHblM at a angle of 45 ° are given for two weather
MeTO,O,aMH Ha HaKnOHHO_Tpacce no_qyrnoM patterns. The two methods show good
45 ° _nR _,ByX MeTeoponort4HeCKHX agreement when multiple scattering in
CHTyau,HR. nonyHeHo y_,oBneTBOpHTenbHoe backward scattering signals is eliminated.
coBna_,eHHeO6OHX MeTO,QOBnpH yCnOBHH Microstructure is measured for one of the

HCKnlOHeHHRMHOrOKpaTHOrOpacceRHHR B patterns, and extinction coefficients
cHrHanax o6paTHOrO pacceRHHR. ,[],nRO_,HOR measured by lidar and base bar methods
CHTyaU,HH npoBe_eHo H3MepeHHe are compared. The paper contains an
MHKpOCTpyKTypi:,lH cpaBHeHHe analysis of high-level profiles of extinction
KO:3CI::)CI:)HU,HeHTOBocna6neHHA, H3MepeHHl:,iX coefficients obtained by the lidar method in
nH,o,apHblM H 6a3HCHblMMeTo_,aMH. naeTc_ the low transitional strata layer, where the
aHanH3 BblCOTHblX npo_Hne_ presence of an area with exponential
KO3_Cl3HU,HeHTOBocna6neHHR, nonyqeHHblX dependence of extinction coefficient on
nH_apHblM MeTO_,OMB HH_HeM nepexop,HOM height is confirmed. The maximum of the
cnoe cnOHCTblX o6naKOB, r,o,e lidar signal corresponds to the position of
nO_.TBep>KP,aeTcR HanHHHe yHaCTKa C the upper part of this area in the case of
_KCnOHeHIJ,HanbHOI;t3aBHCHMOCTblO one-layer clouds.
KO3CI:)CI::)HIJ,HeHTa ocna6neHHR OT BblCOTbl.

35



_nR O_HOCnOI;1HblXo6naKoB MaKCHMyM
nH_.apHoro cHrHana COOTBeTCTByeT
nono)KeHHIOBepxHel;tHaCTH TaKOr'OyHaCTKa.

IIII I I II IIIII

Kop_oa T.A,, ne6e,qeeaT.H, TpexMepHa_ Koryakov, T. A., and T. N. Lebedev.
qHCneHHaRMO,o,enb KOHBeKTHBHOI'O lg83. Three-dimensional numerical model

H3onHpOBaHHOrOo0naKa (npe,l:lSapHTenbHble of an isolated cloud, Proc. Inst. Appl.
pe3ynbTaTbS).Tpy_bl Hnr',1983. Shin. 4,5, Geophys. 45:3-20.
C. 3-20.

Equations of the hydrodynamical model of
B pa6oTe _opMynHpyK)TCR ypasHeHH_ an isolated droplet convective cloud are
rH,0,po,o,HHaMHHeCKORMO,O.enH formulated, with microphysical processes
H3onHpoSaHHOrOKanenbHoro KOHBeKTHBHOrO parameterized according to the Taked
o6naKa c napaMeTpH3au,HeR scheme. Boundary conditions allow for
MHKpO@H3HHeCKHXnpou,eccos no cxeMe incorporating the background wind with
TaKe_,a. rpaHHHHble yCnOBHR£1onyCKaIOT one-directional shear. The model

SKnK)HeHHe C_)OHOBOI'O seTpa c equations are solved on a 25 x 11 x 41
O,O.HoHanpaBneHHbIMC,O,BHr'OM.YpaBHeHHR point grid (with respect to x, y, and z,
MoP.enH peuJaK)TCRno npocTpaHCTBeHHOR respectively), with h = 200 m. Some
CeTKe, co,Qep_KauJ,eR 25"11"41 y3noB (no x, results of preliminary numerical
y_ z COOTBeTCTBeHHO),C waroM h = 200 M. experiments are discussed that were
O6cy)K,o,aK)TCg pe3ynbTaTbl performed for a no-background wind
npeP,BapHTenbHblX HHCneHHblX scenario in which "closed type" boundary
=3KcnepHMeHTOB,npoBo,O,HBUJHXCfl,Cinfl conditions were used for external
cny_aR OTCyTCTBHflC_OHOBOrOBeTpa H C
Hcnonb3OBaHHeMrpaHHHHblXycnosHR boundaries. The experiments showed that
"3aKpbITOrO THna" ,o,n_tBHeLMHHXrpaHH_, at the cloud growth-stage pressure
3TH 3KcnepHMeHTbl noKa3anH, HTO Ha gradient in combination with turbulent
CTa,I_HHpocTa o6naKa rpa,u.HeHT _aeneHHR H momentum transfer compensates for 30%

of buoyancy force. The latter is the mainTyp6yneHTHbU;I nepeHoc HMnynbca B
COBOKynHOCTHKOMneHCHpyloT OKOnO30% factor responsible for the development of
cHnb= nnaayHecTH, KOTOpaRRBnReTCR convection. The updraft velocity, the
OCHOBHblM _aKTOpOM, onperlen_Do_HM temperature excess in it, and the water
pa3BHTHe KOHBeKIJ,HH. CKOpOCTH content of the model cloud quite agree
BOCXOD,_uj,ero nOTOKa, npeBblWeHH_ with data measured directly in clouds.
TeMnepaTypbl e HeM, BO,D,HOCTHMO_lenbHOrO
o6naKa BnonHe cornacyloTcg c ,D,aHHblMH
H3MepeHHR B o6naKax.
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KocapeB A.J'L, IVla3HHH.I'L 3MnHpH4eCKa_ Kosarev, A. L. and I. P. Maztn 1989 An
MO,O,erlb (:I:)H3HqeCKOI'OCTpOeHH_Io6rlaKOB empirical model of mid-latitude upper-air
Bepxxer'oRpycayMepexHbiX UJHpOT// cloud structure. Radiation Properties of
Pa_Hau,. CBO_CTBanepHCTblX oenaKOB. M., Cirrus Clouds. pp. 39-53.
1989. C. 39-53,

An empirical model of mid-latitude upper-
npe_lrlaraeTcFl _MnHpHHecKa_ MO_erlb air cloud (UAC) structure is suggested.
CTpOeHHAOerlaKOB eepxHei'o _pyca (OBR) The macrophysical model of the UAC
yMepexxblX LuHpoT.MaKpo_H3H4ecKaA structure incorporates UAC recurrence and
MOgerlb CTpOeHHAOBRBKnK_HaeT the portion of the sky covered with UAC,
nOBTOpAeMOCTbH cTeneHb noKpl:,lTH_t UAC base and top height the cloud layer
He6OCBO_aOBR,BblCOTaI'paHHU,OBR H thickness and the temperature pattern. The
TOrlU.I,HHa oerla4xoro cno_, TeMnepaTypxt, iR following UAC microphysical characteristics
pe;HM,no,D,aHHblMH3MepeHH_tU,AO are considered on the basis of observed

pacCMaTpHBmOTCAcnertylouJ,He data from the Central Aerological
MHKpO_H3HqeCKHe xapaKTepHCTHKHOBR: Observatory: microstructure integral
HHTer'parlbxble xapaKTepHCTHKH characteristics, water content, visible light
MHKpOCTpyKTypbl,BO_HOCTbH noKa3aTerlb extinction coefficient, phase structure and
ocna6neHH_l BH_HMOI'OCBeTa, _a3oBoe crystal shapes, and UAC particle-size
CTpOeHHeH _OpMbi KpHCTannoB,cneKTp spectral. The Central Aerological
pa3MepOB HaCTHIJ,OBR.npHBO,D,HTCfl TaK_e Observatory instruments are also
onHcaHHe npH6OpHOr'Oo6opy,o,oBaxHfl U,AO. described.

III II --

Kocapee A.J'L, Ma3Hx H.EI., HeB30poa A.H., Kosarev, A. L., I. P. Mazin, A. N.
Illyraes B.¢_. MHKpOCTpyKTypa nepHCTbiX Nevzorov, and V. F. Shugayev. 1986.
O6rlaKOB."Bonp. _H3. O6rlaKOB".J'l., 1986. Microstructure of cirrus clouds. Problems
C. 160-186. of Cloud Physics. Leningrad. pp 160-186

O606LU,mOTCRpe3ynbTaTbi MHOr'OrleTHHX Results of many years of aircraft
CaMorleTHblX HCCne,O,OBaHH_ observations of cirrus rnicrostructure

MHKpOCTpyKTypbl nepHcTblX o6naKOB, primarily carried out over the European
npOBO,O,HBUJHXCRB OCHOBHOMHa,D, territory of the USSR during the period
EBpone_cKOl_ TeppHTOpHe_ CCCP s 1796-1984 are summarized. The notion of
1976-1984 r'r. BBO/3,HTCRnOHRTHe crystal effective diameter (a) is introduced,
:3c_eKTHBHblX ,o,HaMeTpOB KpHCTanrlOB (Z H and methods to measure it by using
O6OCHOBblBalOTCRMeTO,O,bl HX H3MepeHHRC conventional photoelectric spectrometers
nOMOIJJ,blO Tpa,o,HU,HOHHblX_OTO_rleKTpH- are substantiated. The equipment used
HeCKHXcneKTpOMeTpOB. Hcnonl:,3yeMaA made it possible to carry out direct
annapaTypa o6ecne4HBana npoBe_eHHe measurements of the visible light extinction
Henocpe,o,CTBeHHblXH3MepeHHl_noKa3aTenR coefficient (y), the amount of ice (w), and
ocna6neHHR BH,D,HMOI'O CBeTa (3') rle,O,HOCTH the spectrum of eft _ctive ice crystal
(w) H cneKTpa 3CI_cl3eKTHBHblX.QHaMeTpOB diameters f(a) in the range a > 20 pm.
KpHCTarlrlOB f((z) B .o,Hana3oHe c=> 20 MKM. Statistical data were obtained on the
r'lorlyqeHbl CTaTHCTHHeCKHe/3,aHHbleO accumulated frequency of occurrence of
HaKOnrleHHblXnOBTOpReMOCTRX integral parameters (i.e, concentrations of
HHTel'panbHblX napaMeTpoB (KOHU,eHTpaU,HH N, y, and w) proportional to different order
o_,3',w), nponopu,HOHanbHblXMc_MeHTaM distribution moments, as well as least
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pacnpe,geneHHR pa3Horo no_pR_la, a TaK;_e detectable parameter distribution aocand
npegenbHo OeHapy;_HMblX pa3Mepoa a m H crystal distribution parameters with respect
napaMeTpoa pacnpe,o,eneHH_lKpHCTannOa no to o. Commonly, the values of N (o > 20
or. OeblHHO 3HaHeHHflN (a > 20 MKM) .urn) range from 102 1031_1;in most
COCTaBnRtOT102- 10'1 I1"1, y a 6Onbl.UHHCTBe cases y does not exceed 5 km1, though
cny4aee Ha npeaocxo,o,HT _ KM"l, XOT_ sometimes it would amount to 20 km1 and

HHor.o.a ,O,OCTHraeT 20 KM"H 6onee, w _am,e even more; and w commonly ranges from
acero KoneeneTc_l OT 10.3 .O,O10"1r/M 3. 10.3to 101 g/m_. Phase relaxation time (Tr)

BpeM_ _a_oaoR penaKcau,HH (rp) OeU_IHO is commonly measured in minutes and
H3MepAeTcfl MHHyTaMH HnH ,o,eCATKaMH tens of minutes. The maximum sizes of a
MHHyT. npegen_Hble pa3Mepbl _ MOryT
,QOCTHraTb2*10'_MKM, HOHHor_a 0=_ < 200 can be as high as 2 x 103pm and
MKM. I'lOKa_aHO,4TO a ,o,Hana3oHe a >20 MKM sometimes aoc> 200/Jm. It is shown that

in the range a > 20 pm the local spectrum
noKanbHble cneKTpbi pa3Mepoa
(npoCTpaHCTaeHHI_eMaCuJTael_ ocpe,qHeHHR sizes (the space averaging scale does not
He 6onee 50 M) y_,oBrleTaOpHTenbHO exceed 50 m) can well be approximated by
annpOKCHMHpyIOTCAcynepno3Hu,HeR _ayx superposing two distributions--gamma and
pacnpe,o,eneHHR - r'aMMa-pacnpegeneHHR H exponential. The gamma-distribution index

can be taken to be equal to unity in the3KCnOHeHU,HanbHOI'O. B no£1aBnglOUJ,eM
6Onbl.UHHCTBecny,_aea (>80%) HH,I_eKC overwhelming majority of cases (> 80%)
r'aMMa-pacnpe.o,eneHHR Mo)KeT 6blTb npHHRT
paBHblM1.

_ II I I III IIIIII I I

KpaaettrLB. BepTHKanbHoepacnpe.o.eneHHe Kravets, L. V. 1990. Vertical distribution of
KO3CI_HIJ,HeHTa ocnaeneHH_ BH,O.HMOI'O visible light extinction coefficient in upper-
CBeTa B oenaKax BepxHer'o _pyca//OnTHKa level clouds. Atmos. Opt. 3(8):891-894.
aTMoc_epbl. 1990. 3, N8. C. 891-894.

Vertical profiles of visible light extinction
_,aHHa_ CTaTb_ nocBflU.l,eHa coefficient in the (cirriform) clouds are
3KcnepHMeHTanbHOMy Hccne,o.oaaHH0O studied experimentally on the basis of
BepTHKanbHblXnpo_Hne_ KO3CI:)(:_HIJ,HeHTa ground-based lidar observations. It was
ocnat')neHHP,BH,O.HMOr'OCBeTa B oenaKax found that the profile form for the extinction
THna Ci C nOMOUJ,blOHa3eMHoro nH,o.apa, coefficient was different for clouds with

OeHapy;_eHo, HTO _opMa npo_HneR different base heights. Empirical
KO3_.ocnaeneHHA pa3nHHHa £1nFIoenaKoB O relationships describing the dependence of

a3HOl_lBblCOTORHH_HBI_ r'paHHU,bl. the visible light extinction coefficient of
onyHeHbl 3MnHpHHecKHe COOTHOMJeHHR, cirriform clouds on altitude were

onHCblBalOI.LI,He 3aBHCHMOCTb ascertained.
KO3Cl::).ocna6neHHRBH,QHMOI'OCBeTa B
o6naKax THna Ci OT BblCOTbl.
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KpyrP_T_KOB B.I_, Kyp6at_Ka. rLH. O_eHKa Krupchatnlkov, V. N., and L. I.
BnHRHHROnTHHeCKHXCBOgICTBoenaqHblX Kurbat=kaya. 1987, Assessmentof the
cnoes Ha pa,o,Hal_HOHHblgl 6anaHc effect of cloud layer opticalpropertieson
no_cTHnaK)uJ.eRnoBepXHOCTH//HHCn, the underlyingsurface radiationbalance.
MO_enHB 3a_,a4ax_H3. aTMOC_. H oxpaH61 NumericalModels in Problemsof Physics
oKpyx<,cperlb,. HOBOCH6HpCK,1987.C. 48-60. of the Atmosphereand Environment

Protection.Novosibirsk.pp. 48-60.

Hccne_lyeTcABnHRHHeOnTHHeCKHX CBOI;.lCTB The effect of cloud layer optical properties
o6na4Hb,XcnoeB Hapacnpe_eneHHe on the distributionof short-wave and Iong-
KOpOTKOBOrlHOBblX H ,g.nHHHOBOrlHOBblX wave fluxes inthe atmosphere and on the
nOTOKOBe aTMoc_epe, Ha pa_Hau,HOHH61t;t radiationbalance at the earth's surface is
6anaHc (E=)y noBepxHOCTH3eMnH. studied.The resultsof computing
npe,o,cTaeneHb,pe3ynbTaT6,pac4eToe radiationalcoolingand heating rates in
CKOpOCTH pa,O,HaU,HOHHOr'O BblXOna)KHBaHHflH cloudyatmospheresthat differ in water
HarpeeaHHR e oena_IHOR aTMoc_epe c
pa3nHqHblM COD,epx(aHHeM BO,D,HOCTH. _aHa content are presented. Radiation balance
OIJ,eHKa 4yBCTBHTenbHOCTH E) K H3MeHeHHRM sensitivity to cloud layer albedo variations
anbeeno H H3ny,4aTen6HoRcnoco6HOCTH and radiating power is estimated. Balance
06na4Horo cno_. FIpHBe_IeH6,npo_HnH E_s profilesare shownas a functionof cloud
3aBHCHMOCTHOT BblCOT6106naKa Hero heightand water content. Numerical
BO_HOCTH. LIHCneHHble 3KcnepHMeHT61 experiments were staged with the help of
npoBe_leHb,c nOMOUJ,bK)pa,o,HaU,HOHHOR the radiation scheme that is used in the
CXeM6,Hcnonb3yeMoRB cneKTpanbHO_ midrangeweather forecastingmodel of the
MO,O,enH cpe_Hecpo4Hor'onporHo3anoro_16, Hydrometcentreof the USSR.
FMU, CCCP.

__ II I I I

J'IeTyHOBCKHI;IB.A.npo_on;_(HTenbHOCT6H Letunovsky, V. A. 1987. Lifetime and
BbaCOTapa3nH4HblX_OpM oena4HOCTHB heightof differentcloudtypes inthe West
3ana_,HORApKTHKe//rlonRp. MeTeopon.Ha Arctic.Polar Meteorologyat the Service of
cnyx(ee Hap.xo3-Ba:Te3,,O,oKn. 1 NationalEconomy.Abstracts.FirstAll-
Bcec.coBeuj,.,MypMaHCK,27-29 OKT.,1987. UnionMeeting, Murmansk. 27-29 October
MypMaHCK,1987.47 C, 1987.47 pp.

no,O,aHHblM e)KeMeCRNHblXMeTeoponol'H- Cloud regime characteristics (lifetime of
4eCKHXHaenlO,QeHHI713a o6naqHOCT610 (O) different low-level and midlevel cloud types
HH)KHeI'OH cpep,Hero _pycoBHa 8 and cloud base heightand its variability)
apKTH4eCKHX CTaHU,HRX B nepHoJ_ were calculatedfrom hourlylow-level and
npoBe/_eHH_oKcnepHMeHTa"I'IOJ'13KC- midlevel cloud observationsat eight Arctic
CEBEP-76" (anp.-H_n6 1976r.) pacc4HTaH61 stations during POLEX-NORTH-76
pe)KHMH6,exapaKTepHCTHKHO (April-July 1976). It was found that stratus
(npo,qon)KHTen6HOCTbcyu.I,eCTBOBaHH_pa3n. and stratocumulus clouds are most
c_OpMO HH;_Her'oH cpe_Hero RpycoB, recurrent in the Arctic. Their lifetime
BblCOTa HH;_He_ FpaHHU,bl H ee
H3MeHNHBOCT6). OTMeNeHO,4TO sometimes reaches several days. The
HaH6OnbUJyK)nOBTOpReMOCT6B ApKTHKe frequency of one cloud type transitiontoanother one is determined.Stratus are the
HMelOT cnoHCTble H CnOHCTO-KyNeBble
06naKa. FIpo_omKHTen6HOCT6HX lowestclouds. The frequency of their

bases extendingto 200 m above ground
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cyI_,eCTBOBaHHR,O,OCTHraeTHeCKOnbKHX level exceeds 70% inthe period under
CyTOK.OnpeD,enexa nOSTOp;leMOCTb consideration,
nepexo/:losO_HOR_OpMbl o6rlaKOBB_pyr'He
(:_OpMbh HaH6onee HH3KHMH O RBnRIOTCR
CnOHCTble. nOBTOpgeMOCTb BblCOTbl HX
HH)KHeRr'paHHU,bl ,QO200 M npeBbluJaeT70%.
PaCCMOTpeHbl OCO6eHHOCTH O6UJ,el,Tt
u,HpKyrmlJ,HH aTMOC_epblB H3y'.laeMblR
nepHo_.

__1 III I Ii I ] I IHII I I

lies T.,I),.Hccne,o,oBaxHe_aK'rOpOB Lev, T. D. 1984. Investigationof cloud
, o6pa3osaHHAo6na_HOCTHH packet ee formationfactorsand calculationof cloud

KonH'.IeCTBa.Tpy_,bl YKpHHH amount.Proc. Ukr. Sci. Res. Inst.
FOCKOMrH_pOMeT,1984.sun. 198, C. 16-26. Goskomgidromet.198:16-26.

Hccne,o, yK)TC_ (:l:)aKTOpbl o6pa3OBaHHA Cloud formation factorsare considered.
o6na_HOCTH.OT,o,enbxo paCCMaTpHsaloTC_ Lower tropospherecloudsand atmospheric
o6naKa s HH_HeI_InonosHHeTponoccl:>epblH boundarylayer cloudsformed in coldand
s nor'paHH_HOMcnoe so3,o,yxa, transitionalseasons are considered
o6pa_yaou_HecRs xono,o,HI=IgIH nepexo,o,xble separately.An expanded set of predictors
ce3OHbl. ,D,nA onHCaHHfl o6na'.IHOCTH B is used for describing tropospheric clouds:
Tponoc_epe Hcnonb3yeTc_pacmHpeHHbIR the dew-pointdeficitmean 6 in the
Ha6op npeD,HKTOpOB:Cpe,o,HHR_e_HU,HT 850-500 hPa layer, the mean vertical
TOHKHpOCbl 6 S cnoe 850-500 rna, cpe_,HR_ velocity_ at 850 and 700 hPa levels, and
sepTHKanbHa;ICKOpOCTb_ Ha ypOBHFIX850 H the verticaltemperature gradient y in the
700 rr]a, BepTHKanbHbll_lI'pa,o,HeHT layer 850-500 hPa. Empirical
TeMnepaTypbly Bcnoe 850-500 rna. _n_ dependencieswere constructedfor
Tpex r'pa_,au,HRy s JI3.HarHOCTHHeCKOMnnaHe calculatingcloud amountfor three
nocTpOeHbl3MnHpH'4eCKHe3aBHCHMOCTHJo.nR gradationsof y. Relationshipsare
pacqeTa KonHqeCTBa06naKoe. improvedif air stratificationis taken into
,D,ononHHTenbHbll;l y_leT cTpaTHCI:)HKaU,HH
BO3_yxaynyquJaeTCBR3H.O6ecneqeHHOCTb account.The validityof prevailinglyovercastweather in the corresponding
npeoOna_,aHHgoOna4HoRnoro,qbia regionof the diagram increasesto 90-98%
COOTBeTCTBylOLU,eR oOnacTHrpa_HKa
noabluJaeTc__o 90-98%, a Manoo6na4HoR and that of partly cloudyweather increases
nororlbl rio 86-93%. to 86-93%.

For calculatingcloud amount in theno TpeM Bbl6paHHblMnpe_HKTOpaM_ng
pacHeTaKOrlHHeCTBao6naKOBS Tponocc_epe troposphere,two discriminantfunctionsfor
nocTpOeHbl£1Be,O,HCKpHMHHaHTHble (_yHKI.I,HH discriminating between three cloudiness

states (overcast,broken clouds,andc pa3_erleHHeMHa KnaCCbl "o6na'.lHO",
"nepeMeHHaRo6na_HOCTb","Manoo6na_Ho". scattered clouds)were constructed on the

basisof the three predictors.Factors/

C nOMOUJ,bIOKoppenRu,HOHHOrOaHanH3a6bin predictorsfor predicting cloudiness in the
npoH3se,o,eH OTOOpc_aKTOpOB-npeD,HKTOpOB boundarylayerwere selected withthe help
,clnRonHcaHHRo0naHHOCTHa norpaHHHHOM of correlationanalysis.A discriminant
cnoe. _n_ pacHeTa KOnH'-lecTaao6naKOB functiondifferentiatingbetween overcast
nocTpoeHa/3HCKpHMHHaHTHaRCI:)yHKU,H_ C and clear sky was constructedfor
pa3£1eneHHeMHa "o6naHHO"H "RCHO". calculating cloud amount. Testing the
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npoBepKanony4eHHblX̀gHCKpHMHHaHTHblX discriminant functionsthus obtainedon
_yHKI4HRHa He3aBHCHMOMMaTepHane unbiaseddata showedthat expandingthe
noKa3ana,4TO paCUJHpeHHeHaeopa set of predictorsfor describinglower
npe`gHKTOpOB`gn_ onHCaHHAoena4HOCTHa tropospherecloudsand taking intoaccount
HH)KHeRqaCTHTponoc_ept=lH y4eT the boundarylayer processes increases
npo_eccoaa norpaHH4HOMcnoe noabauJaeT the reliabilityof cloud amount forecasting
06m,yK_onpae`gbmaeMocTbKOnH_ecTaa to 87%.
oenaKos ,go87%. Hn, 2.

I 11111111 III!11

Maxoaep 3.M. O BpeMeHHORH3MeH4HBOCTH Makhover, Z. M. 1982oOn time variability
06na4HOCTH.Tpy`gbl BHHHFMH-MLI,,D,,1982. of clouds.Proc. All-UnionRes. Inst.
Bban.95, C. 32-38. Hydrometeorol.Inf. World Data Cent.

95:32-38.
no HaertlO`geHHRM 3a 1936-1977rr.

onpe`gen_nacbH3MeHHHBOCTb Cpe`gHHX The variability of monthly averages of total
MeCRqHblX 3HaHeHHR o61LI,eR H HH;_HeR and lower cloud amount was determined
oena4HOCTH.Cpe`gHHeMeCfl4Hble3Ha4eHHR from observationsfor 1936-1977. In
061_e_ H HH;_HeI_Ioena4HOCTH B OT`genbHble individualyears, total and lowercloud
r'o`gblMoryT H3MeHRTbCRS U.IHpOKHX amount averages can vary over a rather
npe`genax(`go 6-7 6annoa). J'IHUJbS paRoHax, wide range (to about 6 to 7 octas) It is
r`ge HH_HRRoena4HOCTbS O`gHHH3 only in areas where there are practicallyne ro`ga npaKTH4eCKH OTCyTCTByeT
,/apHO`gOB Cpe`gHe_A3HHneTOM), no lower cloudsin one of the seasons (inCH6HpH 3HMOI;I, S winter in Siberia and in summer in Central
Me)Kr'o`goBbaeKoneSaHHRcpe`gHero Asia) that interannualfluctuationsof cloudMeCR4HOI'O KOnH4eCTSa o6naKos HeBenHKH

amount averages are not high (to about 1(`go 1-2 6annoe). Onpe`geneHbl3aKOHbl
pacnpe,o,eneHHRnOBTOpReMOCTHCpe`gHHX to 2 octas). Regularitiesin *.hedistribution
MeCRqHblXKOnH4eCTB06rlaKOS. of average cloudamount were revealed. It

was foundthat the contributionof average

YCTaHOBneHo,4TO BKna`gcpe`gHeRMecfl4HOR monthlycloud variabilityamounts to 15 to
H3MeH4HBOCTH o6na4HOCTH COCTaBnReTOT 40% of the total cloudvariability.The
15 `go40% s oeuJ,e#tH3MBHHHBOCTH contribution of diurnal variation is usually
oena4HOCTH,BKna`gCyTO4HOrOxo`ga aboutto 20 to 40%. The nature of the
COCTaBnReTO6ba4HO20-40%. temporal stabilityof clouds is also defined

The characterof total cloud amount

Onpe`geneHxapaKTep yCTORHHBOCTH remains the same between 3-h
06na4HOCTH SOBpeMeHH.B 6nH)Kal;tLUHe3 4 observations in 65-78% of cases in
xapaKTep oeuJ,eR oGna4HOCTHcoxpaHReTC_I January and in 54-68% of cases in July,
B_HBapeB 6_-78% cny4aes, B Hione s whereas for lower cloudamounts a static
54-68%, `gnR HH)KHeR OeRaNHOCTH character is observed in 71-78 and
COOTBeTCTBeHHO B 71-78 H 55-61%. 55-61% of cases, respectively.The total
MHHHMyM yCTORHHBOCTH OTMeHeH4epe3 cloud stability minimum was observed in
CyTKH, a `gnR HH_HeR o6na4HOCTH neTOM - 24 h, whereas lowercloud amount stability
4epe3 12 4. minimum is observed in 12 h.
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Mar__ IvLC_ Mar_oea B.C., C_LMHOUB._ Malkevich, M. S., V. S. Malkova, and V. I.
OnTH4ecKHe xapaKTepHCTHKH o6naKos. Syachinov. 1981, Optical characteristics
"(I)H3. acneKTbi ,QHCTaHU,HOH.3OH,QHp. of clouds. Physical Aspects of Remote
CHCTeMbl OKeaH-aTMOC_." M., 1981. Sensing of the System Ocean.
C. 149-172. Atmosphere. Moscow. pp. 149-172.

Ha OCHOBeMaTepHanOB OnTH_eCKHX Possibilities of determining the specific
H3MepeHHRCOcnyTHHKa "KOCMOC-320" ,o,n_ absorption of cloud mass for some

,o,ayHaCTKOBBH_HMOr'OH 6nH)KHer'o portions of VIS and near-IR spectra are
-HHTepaarloa paccMoTpeHbl BO3MO)KHOCTH considered on the basis of optical

onpe/:leneHH_ y_enbHOR nornouJ,aTenbHoR measurements from the satellite KOSMOS-

cnoco6HOCTH o6na4HoR MaCCbl. FIpHaeJ:leH 320. Papers on solar radiation absorption
o63op pa6oT, KacaK)UJ,HXCRHcCne_oBaHHR of clouds are reviewed. The nature of the

norna_eHH_ COnHe_Ho_ pa,o,Hau,HH cloud constituents responsible for the
06naKaMH. O6Cy>K_aeTcR aonpoco npHpo,o,e absorption is discussed.
npHCyTCTBylOuJ,eI_ B o6naKax cy6cTaHLt,HH,
OTBeTCTBeHHOR3a nor'nouJ,eHHe.

ManKoaaB.C., I/_CTO_ J'Lr'. Onpe,o,eneHHe Malkova, V. S., and L. G. Istomina. 1989.
OnTHHeCKHXxapaKTepHCTHK 06naHHOCTH no Determination of optical characteristics of
pe3ynbTaTaM 3KcnepHMeHTa//Hccne_. clouds from experiment results. Earth
3eMnH H3 KOCMOCa.1989. N 2. C. 12-16. Study Space 2:12-16.

PaccMaTpHBaeTCR 3a,D,aHa ,QHCTaHI.I,HOHHOr'O The problem of determining remote
onpe,o.eneHHP,OnTH'4eCKHXnapaMeTpoB sensing of cloud optical parameters from
o6na4HOCTH no pa.o,Hau,HOHHblM the radiation characteristics of the system
xapaKTepHCTHKaM CHCTeMbl noBepXHOCTb- surface-atmosphere is considered. As a
aTMOCC_epa.B pe3ynbTaTe BblHHCrleHHR result of calculations optical thickness and
nony_eHw BerlHHHHblOnTHHeCKOI;tTOrlUJ,HHblH specific absorption values in several
y_enbHoro nornouJ,eHHg B HecKOrlbKHX intervals of visual and near infrared

HHTepBanax BH_HMO_ H 6nH)KHe_ regions were obtained. The role of solar
HK-o6nacTH cneKTpa. I'IO,0,_epKHBaeTcRponb radiation absorption in studying climate
nornouJ,eHHRConHeHHO_pa,o,HaU,HH variations and environmental control is

o6naHHblMH HaCTHU,aMH B H3yHeHHH pointed out.
BapHaU,HR KrlHMaTa H KOHTpOrlR
oKpy>KaK)uJ,eR cpe_bl.
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Manures 3.B., ¢a,o,eeB B.C. MeTO_HKa Maltsev, E. V., and V. S. Fadeyev, 1985.
THnH3aU,HH noneRo6naHHOCTH flO Techniques of cloud field classification
nOBTOpReMOCTHSbiCOTbl HH_Hel;1I'paHHU,bl. accordingto the frequency of cloud base
"MeTeopon. npOrHO3b¢',J'l., 1985.C. 85-90. heightoccurrence.Meteorological

Forecasts,Leningrad,pp. 85-90.
I']pHBe,l_eHaMeTO_HKaTHnH3aU,HHnone_
o6naHHOCTH, pa3pa6oTaHHa_Ha OCHOBe A technique for cloudfield classificationis
anr'opHTMaK-sHyTpHr'pynnosb=xcpe_HHX.Ho giventhat was developed on the basis of
BOTnH4HeOT 3TOr'OanropHTMa U,eHTpb= K-intragroupaverages. However, class
KnaccosBbi6Hpa0oTC_H3 ycnoBHgHaH60nee centers are not chosen in the way they are
paBHOMepHor'opa3MeuJ,eHHRHa uJKane in the algorithm,but from the conditionof
paCCTORHHRH _IHCnOKnaccoB3apaHeeHe their most uniform positioningon the
C_HKCHpyeTcR.npe_,no>KeHKpHTepHR distance scale, and the number of classes
Sbl6opaOnTHManbHORTHnH3aU,HHH ISnot preset.A criterionis offered for
npHBO_RTCRpe3ynbTaTblTHnH3au,HHnoneR selectingoptimum classificationof cloud
o6naNHOCTH no nOBTOpReMOCTH BblCOTbl fields accordingto the frequencyof
HH_He_ I'paHHU,bl 3a anpen_,p,nR 3an. occurrenceof cloud base for April for
EBponba. Western Europe.

II IIIIIII I

Map4eHKorLE., TXaMOKOB6.X. BnHsHHe Marchenko, P, Ye., and B. Kh.
MHKpOCTpyKTypbaHa pa_,HOnOKaU,HOHHO- Thamokov. 1986. The effect of
D,onnnepoBcKHexapaKTepHCTHKHrpa_oBblX rnicrostructureon the Doppler radar
o6naKOS."Tp. BblCOKOrOpH.reocl:)H3. HH-T.", characteristics of hail clouds, Proc. High-
1986.N 63, C. 101-110. Mount. Geophys. Inst.63:101-110.

PaCCHHTaHblKO:)_. ocna6neHHR, Extinctionand reflectancecoefficients,
oTpa>KaeMOCTH,cpe_,HHerpaBHTaU,HOHHble average gravitationvelocities,and root-
CKOpOCTH, Cpe,QHeKBa_IpaTHHHble uJHpHHbl mean-square widthsof gravitationvelocity
cneKTpOBr'paBHTaU,HOHHbIXCKOpOCTeR_nR spectrumwidthsfor a two-phase rain-hail
£lByx@a3oaot_CMeCH ,D,O;_,Qb- rpa_,, rpa_ mixture are calculated. Hail is assumed to
CHHTaeTCR O6BO,O,HeHHblMC h = 0,001 CM. be meltingwith h = 0.01 cm. Calculations
_n_ X = 3,2 CM pac,4eTbanpoBo_,HnHCb_nR were made for different versions of the
pa3nH_HblXBapHaHTOB_-U,HR rain-hailmixturedistributionfunctionfor
pacnpe,o,eneHHRCMeCHJ0,O>K_b-rpa_l. A = 3.2 cm. It is shownthat the log-normal
NOKa3aHO, HTO norapHc_MH_IeCKH distribution in the case of rain does not
HOpManbHOepacnpe_,eneHHe_tn__IO>K_,RHe describe the whole range of velocities
OnHCbIBaeTBcer'oMHOr'oo6pa3HR observed.It is concludedthat for
Ha6nK_,aeMbaxCKOpOCTeR.C_enaH BblBO,O,O theoreticalcalculationsit is necessaryto
Heo6xo,EIHMOCTH npH TeopeTHHeCKHX take into account the presence of the rain-
pac_eTax y_HTbIBaTb HanHLIHeB rpa,o.OBblX hail mixture in hail clouds.
o6naKax CMeCH_lO>K_,b-rpa_.
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MapTHHec,[],.,rlepec K., 6en_eB B.FL,I'leTpoa Martines, D., K. Peres, V. P. Belyayev,
B.B.//TepMo_HHaMH'-_ecKHe and V. V. Petrov. 1989. Thermodynamic
xapaKTepHCTHKHTponH4eCKHX characteristicsof tropicalconvective
KOHBeKTHBHblX o6naKOB//Tpon. MeTeopon.: clouds.TropicalMeteorology. Proc. Fourth
Tp. 4 Me_K_,yHap.CHMn.,CaBaNa,13-17anp., InternationalSymposium,Havana, 13-17
1987.J'l.,1989. C. 351-360. April 1987. Leningrad. pp. 351-360.

AnnapaTypoR, yCTaHOBneHHOI_Ha 6opTy One hundred and two convective clouds
caMoneTaH no3aon_touJ,eR H3MepHTb from 0.4 to 10 km thick were examined
sepTHKarlbHble ,O,BH_eHHRH nynbcau,HH T-phi, with the help of aircraft on-board
Hccne,o,oeaHbl102 KOHBeKTHBHblXo6naKa instrumentsthat can measure vertical

MOUJ,HOCTblO OT 0,4 ,0,O 10 KM. nonyHeHbi motionsand temperature pulsations.
CBe,QeHHRO TepMo,O,HHaMHHeCKHX Information was obtained on the
xapaKTepHCTHKaXTenno_t_aCTH thermodynamiccharacteristicsof the warm
KOHBeKTHBHblXo6naKoB,noKa3aHo, NTO parts of the convective clouds. It is shown
aMnnHTy_blxapaKTepHCTHKBo6naKax that amplitudesof characteristicsin clouds
paCTyTC yBenH_eHHeMMOMJ,HOCTH. increase with the increase in their
BepTHKanbHbleCKOpOCTHB MOLU,HOKyHeBblX thickness.Vertical velocities inthick
o6rlaKax ,O,OCTHI'anH24,4-18.0M/C, a cumulusclouds amounted to -24.4 to
TeMnepaTypHbleBO3MyuJ,eHHROT - 2,6 _O

18.0 m/s and temperature disturbances2,5oC.Ha6mo_.anocbHeCKOnbKO BOCXO,O,RUJ,X
nOTOKOB B HecKOnbKO COTeH MeTpoB, from -2.6 to 2.5°C. Several updrafts,a few
4epe,o,yK_UJ,HXCRC HHCXO,D,RUJ,HMHnOTOKaMH, hundredmeters deep were observed to
B cpaBHHTenbHOMenKHXKyHeBblXo6naKax alternate with downdrafts. Comparatively
O6blHHO CO,o,ep;_HTC_nHLLIbO,QHH smallcumulus clouds commonly have only
BOCXO,D.RUJ,HR nOTOK, HMetOUJ,HR pa3Mepb0 one updraft in them 100-300 m in size.
100-300 M.

II

MaTBeeaELT. 06 Hccne_OBaHHRXno Matveyev, L. T. 1981. On studying cloud
J:IHHaMHKe O6rlaKOB. Me_KBy3.CO.J'leHHrpa,o,. dynamics. Interinst. Collect. of Leningrad
rHApOMeTHOpOn.HH-T'., 1981.N 73, C. 31-45. Hydrometeorol.Inst. 73:31-45.

O63op pa6oT no ,D.HHaMHKe A reviewof papers on the dynamicsof
CnOHCTOO6pa3HblXo6naKOB,OCHOBbl clouds,whichwas started in the Soviet
KOTOpOr'O3ano_eHbl B COBeTCKOMCOK)3e Unionabout 5 years ago. Basic resultsand
OKOnO5 neT Ha3aA.OceeuJ,eHbaOCHOBHble ideas underlyingthe methods of solving
pe3ynbTaTbl H H,D,eH, KOTOpblene_KaTB the set of equations are given.
OCHOaeMeTO,(IOBpeuJeHHgCHCTeM
ypaBHeHHR.
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MaTBeeBJ'I.T., Con,o,aTeHKoC.A. 4HCneHHble Matveyev, L. T. and S. A. Soldatenko.
MO,O,enH _OpMHpOBaHHRH npor'Ho3ao6naKOB 1988. Numericalmodelsof cloud formation
// OnTHKa aTMOCC_. 1988. 1, N 9. C. 73-80. andforecasting.Opt. of the Atmos.

1(9):73-80.
PaCCMOTpeH61rH,0,po,o,HHaMH4ecKHeMO,O,enH
Bna_HORaTMOCc_ep61,npe,l::lHa3Ha4eHHbieD,n_l Hydrodynamic models of a humid
4HCneHHOrOMO,o,enHpOBaHHRH nporHo3a atmosphere, designedfor numerical
noneRo6naNHOCTH, TeMnepaTyp61H modellingand forecastingof cloud fields,
Bna)KHOCTHBO3,qyxa.npe,o.no)KeHHble air temperatureand humidityare
MO,QenHMOryT npHMeHRTbCRB 3a_,a4ax considered.The modelssuggestedcan be
4HcneHHOFOnporHo3anoro_161H nporHo3a used in problemsof numericalweather
OnTHHeCKHXCBORCTB3eMHORaTMOCC_ep61, forecastingand forecastingof the optical
npo_eMOHCTpHpOBaHaBa_HeRI.uaRpon6 properties of the Earth's atmosphere. The
rOpH3OHTanbHOR 6apOKnHHHOCTH major role of horizontal baroclinicity
(TepMHNeCKOR Heo,o,HOpO,O,HOCTH)H (thermal inhomogeneity)and thenpou,eccoBaTMOCC_epHorosnaroo6opoTa s
3apo)K_,eHHHH OBOnlOU,HHCHHOnTHNeCKHX processes of moisturecirculationin the
BHxpeR. atmospherein the generation and the

developmentof synopticvortices are
demonstrated.

MaTBeeBIO.J'l._yHKU,HHpacnpe_,eneHH_ Matveyev, Yu. L. 1986. Cloud amount
KonH4eCTBao6naKOB."Tp. BHHH distributionfunctions.Proc. All-UnionSci.
r'H_,poMeTeopon.HHCI:). MHpOB.U,eHTpa Res. Inst. Hydrometeorol.Inf. World Data
,QaHHblX", 1986.N 126, C. 18-27. Cent. 126:18-27.

• OTOTeneBH3HOHHaR HHCI:)opMaU,HR 06 Television imagery is used to construct
o6naNHOCTH Hcnonb3oBaHa ,o,,,'lRnOCTpOeHHR cloud amount distribution functions. The
c_-U,HRpacnpe,cleneHHRKOn-Bao6naKoB, dependence of the functionsand other
YCTaHOBneHa3aBHCHMOCT60THXC_-U,HI;IH statisticalparameters on the averaging
_lpyrHx CTaTHCTHNeCKHX napaMeTpoe OT area has been established. Generalized
nnouJ,aD,H ocpe,qHeHHR,npoBe,o,eHa log normaland other functionsare used to
napaMeTpH3au,H_ pacnpe_eneHH_ parameterize cloud amount distribution.
KOnHNeCTBao6naKoB C I'IOMOLU,610 Approximationerrors are evaluated. A
O6061.U,eHO_norHopManbHO_H _,pyrHx principal difference in the cloud amount
Cl3-1J,HR. OIJ,eHeH61 noFpeUJHOCTH distribution curve type is accounted for in
annpoKCHMaU,HH.061:,RCHeHO the case of averaging observationsover
npHHU,HnHanbHOepa3nH4HeB BH_,eKpHBb0X small observationareas for which U-
pacnpe_eneHH_KOrI-Bao6rlaKOB npH shaped distribution curves are
ocpe,o,HeHHHno ManblMnnouj,a,O,RM
Ha6nK)/:IeHHR,_nR KOTOpblXxapaKTepH61U - characteristicvs averagingover large
o6pa3HbleKpHBble pacnpe,o,eneHH_,H npH areas for whichcupola-shapeddistribution
ocpe,D,HeHHH no 6OnbWHM nnOLU,a_.RM,_,nR curves are characteristicwith the density
KrL_TOpblXxapaKTepHbaKynonoo6pa3Hble probabilitymaximum close to mean values.Because surface-based observationscan
KpHBblepacnpe,QeneHHgc MaKCHMyMOM
nnOTHOCTHBepORTHOCTH npH 3HaNeHHRX onlycover a small area, it becomes clear
KOn-Ba o6naKOB, 6nH3KHX K cpe_HeMy, why U-shaped cloud amount distributions

prevail.
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ROCKOnbKynpH HaOnK),O.eHHHC noBepXHOCTH
3eMnH nnouJ,a_6 Ha6nK:),O,eHHRHeBenHKa, TO
CTaHOBHTCRRCHO,no4eMy no TaKHM
Ha6nlO,I::IeHHRMnpeo6na,o,aK)T U - o6pa3Hbae
pacnpe,o,eneHHR KOn-Ba o6naKoB.

MaTeeee IO.J'L,MaTeeee I'LT., Con,o.aTeHKO Matveyev, Yu. L., L. T. Matveyev, and S.
C.A. I-no6an6Hoe none o6na4HOCTH. - A. Soldatenko. 1986. Global cloud field.

J'l. r'H.o.pOMeTeOH3,0,aT,1986. 279 C. Leningrad, Gidrometeoizdat. 279 pp.

BblnOrlHeHCTaTHCTH4eCKHRaHanH3, Statistical analysis was performed as well
npoBe_eHbl napaMeTpH3aU,HR H as parameterization and modelling of the
MO,O,erlHpOBaHHerno6an6Horo non_ global cloud field on the basis of the Earth
o6na4HOCTH Ha OCHOBecnyTHHKOBblX cloud cover satellite observations in
Ha6nlOP,eHHR 3a o6na4HblM nOKpOBOM3eMnH 1966--1980. Means, standards, skewness,
s 1966-1980 rr. npHse_eH6= cpe,I:IHHe and curtosis of cloud amounts are given
3Ha_leHHfl,CTaH,o,apT61, aCHMMeTpHfl H for various time intervals and different
:)KCU,eCC KOnH4eCTBa06naKoB 3a pa3nH4Hble areas (including averaging for the Earth as
HHTepBan61BpeMeHH H ,o.nRpa3nH4HblX a whole, latitudinal belts, hemispheres,
nnouJ,a_e_ (BKniO4aRocpe,o,HeHHe no 3eMne water and land, each continent, and the
a u,enoM, Kpyr'aM LUHpOT,nonyuJapHP,M, BO,O.e ocean). Distribution density is constructed
H cyuJe, Ka)K_I.OMyMaTepHKy H oKeaHy), and discussed as well as cloud amount
r'IOCTpOeH61H O6Cy)K_eH61nrlOTHOCT6 correlation and spectral cloud amount
pacnpe,o.eneHHP.,KoppenRu,HOHHaRH functions. Annual variations and
cneKTpan6HaR _yHKIJ,HH KOnHHeCTBa
o6naKOB. Hccne_oBaH61 r'o_oBble Kone6aHHR geographical characteristics of cloud

distribution are investigated. It is shown
H reorpa_H4ecKHe Oco6eHHOCTH that the character of atmospheric motions
pacnpe,o,eneHHRo6naKoB no 3eMHOMy Luapy. (dynamics) is closely connected with
noKa3aHo, _ITOonpeD,eneHHylO pon6 a
(:I:)OpMHpOBaHHHH OBOrlIOI.I,HH nonR o6naKOB thermal inhomogeneity and advection
Hr'paeT xapaKTep ,O,BH_eHHR (,D,HHaMHKa) (horizontal baroclinicity) and plays adecisive role in the formation and evolution
aTMOC_epbl_ KOTOpblRB CBOIOo4epeD,6 of the cloud field.
TeCHOCBR3aHC TepMHNeCKOR
Heo,13,HOpO,I:IHOCT610H a_BeKu,Hel_
(ropH3OHTanbHOA 6apoKnHHHOCTbK:)).
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MaTBees IO.J'l.3aBHCHMOCTb(:I:)yHKU,HR Matveyev, Yu. L. 1982. The
pacnpe,o,eneHH_l KonH_eCTBa o6naHHOCTHOT parameterization and dependence of cloud
nnoLu,a_,H ocpe,o,HeHHRH HX amount distribution functions on the
napaMeTpH3au, HR. "OCHOB. sonp. averaging area. Basic Problems of
MeTeoo6ecne4.rpa>K_,aBHaU,HH". J'l., 1982. Meteorological Support of Civil Aviation.
C. 122-127. Leningrad. pp, 122-127.

(I:)OTOTeneBH3HOHHaRHH_OpMau,H_ oO Visible satellite cloud imagery was used to
o6naHHOCTHHcnonb3osaHa _ng nOCTpOeHHR construct cloud amount distribution
(:l:)-u,H_pacnpe,o,eneHH_ Kon-Ba o6naKoB, functions. The dependence of the functions
YcTaHosneHa 3aBHCHMOCTb3THX (_-U,HR H and other cloud statistical characteristics
_,pyrHx CTaTHCTHHeCKHXxapaKTepHCTHK on the averaging area is established.
o6naKOB OT nnou.l,a,o,Hocpe,o,HeHHg. Cloud amount distribution is approximated
rlpoBe_,eHa annpOKCHMaU,HR pacnpe,o.eneHHR with the help of the log-normal function.
KOn-Bao6na'-IHOCTHC nOMOU.l,blO

nor'HOpManbHORCI:)yHKU,HH.

MaTBeea IO.J'LI'IpocTpaHCTBeHHaR Matveyev, Yu. L. Space structure of the
CTpyKTypa rno6anbHoro nonR oOnaHHOCTH, global cloud field. Proc. Main Geophys.
-Tp. rl-O.- Bbln. 460. C. 38-43. Observ. 460:38-43.

06Cy_K_aK)TCR pe3ynbTaTbl The results of statistical analysis of the
CTaTHCTH_ecKoro aHanH3a rno6anbHoro global cloud field are discussed on the
nonR 06naHHOCTH no Ha6nlO,D,eHHRMCO basis of satellite observations for
cnyTHHKOB3a 1971-1975 rr. nonyHeHb0 1971-1975. Cloud amount correlation
KO3CI3(:I:)HU,HeHTbl KoppenRU,HH KOnHHeCTBa coefficients for different latitudes and

o6naKOB Ha pa3nvl_Hl:,lxuJHpoTax H longitudes were obtained that allow one to
,o,onroTax, KOTOpbaenO3BOnAOOTcy,O.HTbO judge about pressure and thermal
6apHHeCKHX H TepMHHeCKHXo6pa3oaaHH_tX, formations related to cloud field formation.
CBR3RHHblX C c_OpMHpOBaHHeMnon_
o6na'-IHOCTH.Ta6n. 2. Hn. 3.
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MaTBHeHKOI-.I-., Konea H.H., RapBaHOBo.n. Matviyenko, G. G., I. N. Kolev, and O. P.
rlHAapHbleH3MepeHHRCKOpOCTHoSnaKoB// Parvanov. 1988. Lidar measurementsof
OnTHKaaTMOCCI:). 1988.N 1, N 8, C. 97-104. cloudvelocity.Atmos. Opt. 1(8):97-104.

Ha OCHOBeTeopeTH4ecKoro aHanH3a The efficiencyof geometrical location
Koppen_iu,HOHH61X(:I:)-U,HRCHrHanOB schemes with long and short ranges
aopo30n6Horo nHAapa c AByM_ITpaccaMH between two scatteringvolumes, as
3OH,D.HpOBaHHRnpOBOAHTCR cpaBHeHHe appliedto remote measurements of cloud
3C:I3_eKTHBHOCTH reOMeTpH4eCKHX CXeM field velocity, is compared on the basis of
nOKaU,HH C 6OnbUJHM H MaRblM paCCTORHHeM theoretical analysisof correlationfunctions
Me_,l:ly pacCeHBaIOUJ,HMHCRo6_eMaMH of signalsof aerosol lidarwith two
npHMeHHTenbHO K AHCTaHU,HOHHblM soundingtracks. As a result of field lidar
H3MepeHHRM CKOpOCTH o6naNHblX noneS. B measurementsthat use different
pe3yn6TaTeHaTypan6H61XHCnblTaHHR geometricalschemes, it is shownthat
nHAapOB,peanH3yK)uJ,HX pa3nH4H61e correlationlidarswith a larger range
reOMeTpH4ecKHe CXeM61_ noKa3aHo_ I-ITO between scattering volumes are
KoppenRu,HOHHblenoKaTop61c 6OMbMJHM characterized by higher accuracy.As for
paCCTORHHeM Me)KAyHH_OpMau.HOHHblMH their efficiency, it is lower than that of
o6beMaMH o6naAaloT 6onee BblCOKOR lidarswitha short range.
TOHHOCT610, HO ycTynaK}T nHAapaM c ManblM
paCCTORHHeM no onepaTHBHOCTH H3MepeHHR.

Ma3HHH.n., XprHaH A.X. (PEA.) O6naKa H Mazin, I. P., and A. Ch. Khrgian (eds.).
o6na4HaRaTMoc_epa. J'l. 1989. Cloudsand the Cloudy Atmosphere.
r'HApOMeTeoH3,0.aT, 1989.647 C. Leningrad, Gidrometeoizdat. 647 pp.

nepaoe a OTe4eCTBeHHO_H MHpOBOI;1 This book is the world'sfirst reference
reocI:)H3H_ieCKORnHTepaType cnpaBo_lHoe manual on clouds. It containsbasic
nocoSHeno o6naKaM.CoAep_HT OCHOBHble informationon the macrostructureof cloud
CBeAeHHR O MaKpOCTpyKTypeo6na4Horo cover and on the microstructure of clouds,
noKposaH O MHKpOCTpyKTypeo6naKOB, includinggeneral physicaland statistical
BKnlO4aRO6LU,He t_H3HNeCKHe H regularities of the atmosphere and
CTaTHCTHNeCKHe 3aKOHOMepHOCTH, 06 atmospheric aerosols; cloud

aTMOC(_epeH aTMOC_epHblXa:)po3onRx,o thermodynamics;their amount; recurrence;
TepMOAHHaMHKe o6naKOB,HX KOnVt'-IeCTBe, phase state; water content in the crystal
nOBTOpReMOCTH,(_a3OBOM COCTORHHH, phase; particulate matter, etc. It also
BOAHOCTH,KpHCTannHHeCKO_ _a3e B containsinformationon optical, electrical,
o6naKax, o 4aCTHU,aX OCaAKOBHAp., a and radiativepropertiesand radar
TaK)KeCBeAeHH_i06 OnTH4eCKHX, characteristics of clouds. The book briefly
3neKTpH4eCKHXH pa_,HaU,HOHHblXCBORCTBaX summarizesglobal data on fog and
o6naKOB, HX pa,I_HOnOKaU,HOHHblX precipitation.
xapaKTepHCTHKaX, rlpHBOAHTCR KpaTKaR
CBO,O,Ka rno6anbHblX AaHHI:,IX O TyMaHax H
ocaAKax.
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Ma3HH HJ'I., Hee3opoe A.H. 0 Mazin, I. P., and A. N. Nevzorov. 1987.
MHKpOCTpyKType KpHCTannH4eCKHX On the microstructure of ice crystal clouds.
o6naKoB//Bonp. _H3. o6naKoB: AKTHBH61e Problems of Cloud Physics: Weather
BO3,0,eRCTBHfl.J'l., 1987. C. 37-49. Modification. Leningrad. pp. 37-49.

npi4se,o,eH pa36op pe3yn6TaTOS Results of experimental research on high-
OKCRepHMeHTanbHblXHccne,o,OBaHHR level cloud microstructure, carried out at
MHKpOCTpyKTypbl o6naKos BepxHero _pyca, the Central Aerological Observatory during
BblnOnHeHHblXB U,AO B TeNeHHe 80-X FO,I:IOB. the 1980s are reviewed. It is shown that
noKa3aHO,NTOcneKTp pa3MepoB 4aCTHU, the particle size spectrum can be
MO_eT 661T6 npe,o.cTaaneH S BH,O,e represented as a superposition of three
cynepno3Hu,HH Tpex 4heROS,Ka:)K,O,blR H3 terms, each of which describes its own

KOTOpblXonHcl:,lsaeT CSOlO06nacT6 size spectrum range, and that high
pa3MepOB, H 4TO BblCOKO,O,HcnepcHaR dispersion fraction (a < 20 pm) is not
(:I:)paKU,HR (a < 20 MKM) npHCyTCTByeT B always present in clouds and can
o6naKax ,o,aneKo He Bcer,o,a H Mo)KeT HHOrD,a sometimes consist of droplets only. The
RBnRTbCR 4HCTO KanenbHO_. O6Cy)K_aeTcA possible role of various mechanisms in
BO3MO;_HaRpon6 pagnH4HblX MeXaHH3MOBB crystal formation is discussed, including
_OpMHpOBaHHH KpHCTannOB,BKnlO4aRH that of spontaneous freezing of droplets at
MexaHH3M CnOHTaHHOrO3aMep3aHHR Kanen6 temperatures below-40°C.
npH T-pax HH_e -40 ° C.

Ma3HH H.n., IIIMeTep C.M. 06naKa, CTpOeHHe Mazin, I. P., and S. M. Shmeter. 1983.
H _H3HKa o6pa3osaHHR. J'l. Clouds, Cloud Structure, and Physics of
rH_,pOMeTeoH3,0,aT, 1983. 279 C. Formation. Leningrad. Gidrometeoizdat.

279 pp.
npHBO,O,RTC_ pe3ynbTaTbl

_)KCnepHMeHTanbHblXH TeopeTH4eCKHX The results of theoretical and experimental
Hccrle,D,OBaHHR06rlaKOB, BblnOnHeHHblXB studies carried out in the USSR and

CCCP H 3a py6e)KOM. ,[],aHOorlHcaHHe abroad are presented. A description of the
(:I:)H3H4eCKOr'OCTpOeHHRO6rlaKOBpa3nH4HblX physical structure of different cloud types
(:I:)opM,BKniO4aK:)Lu,ee CBe,qeHHRO cloud is given, including information on the
pacnpe,o,eneHHH B o6naKax distribution of different thermodynamic and
TepMO_HHaMHHeCKHXH MHKpOCI:)H3HHeCKHX microphysical parameters in clouds. Along
napaMeTpoB. HapR,o.y c OnHCaHHeMMHKpO- H with the description of microphysical and
MaKpocI:)H3HHeCKOrOCTpOeHHRo6rlaKOB H macrophysical structure of clouds and
o6rlaNHblX CHCTeM, 6on6Luoe BHHMaHHe cloud systems, emphasis is placed on their
y_eneHo HX Me3oMaCLUTa6HORcTpyKType, H mesoscale structure and, in particular,
B 4aCTHOCTHTeM ee Oco6eHHOCTRM, those characteristics that affect the

KOTOp61eBriHRIOTHa npou,ecc process of precipitation formation.
(:I3OpMHpOBaHHRoCa.D.KOB.PaCCMOTpeH61 Mechanisms of cloud element (droplets
MeXaHH3M61CI:)opMHpOBaHHRH yKpynHeHHR and crystals) formation and enlargement
o6na4HblX :)rleMeHTOB (Kanerl6 H
KpHCTarlnOB)H KHHeTHKao6na4HblX are considered as well as the kinetic
npou,eccoB, processes in clouds.
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MHKynUmCKHRH.A., UJHCpHHK.C. Mikulinsky, I. A., and K. S. Shifrin. 1989.
Manoyr'noeoe pacceRHHe CBeTa HaCTHU,aMH Small-angle light scattering by cirrus cloud
nepHcT61X o6naKOB//Pap.Hau,. CBO_tCTBa particles Radiation Properties of Cirrus
nepHcT61X o6naKOB. M., 1989. C. 65-72. Clouds Moscow, pp 65-72

PaSSHT aHcaM6neB611;tMeTO_ pac4eTa An ensemble method of calculating small-
Manoyr'noaor'o pacceRHHR Ha CHCTeMe angle scattering on the system of randomly
KpynH6JX4aCTHU,npoH3eOnbHOR_OpMb=, shaped large particles was developed. The
KOTOp61_He npe/:lycMaTpHsaeT npose,o,eHHR method is not designed for calculations of
pac4eTos pacceRHHR Ha Ka;_,g,O_tOT_enbHOR scattering for each individual particle. Its
4aCTHU,e. YKaSaHOer'o npHMeHeHHe ,o,nR application for calculating small-angle
Bbl4HCneHHRManoyr'noBor'o pacceRHHR Ha scattering on cirrus cloud particles is
4acTHu,ax nepHCTbJXo6naKos, a TaK>Ke shown, and a typical example
pacCMOTpeH THBHNHbI_npHMep, characterizing the physics of the process is
xapaKTepH3yK:)UJ,HR CI:)H3HKy3TOFO npou,ecca. considered. It is shown that the particle
noKa3aHo, 4TO HeccI:)epH4HOCT64aCTHU, nonsphericity deforms the "average" disc
_e_opMHpyeT ManoyrnoByto HH,[:IHKaTpHcy small-angle indicatrix. The average
"cpe_Hero" ,0,HCKa.KpHBaR ,o,nR cpe_HeR intensity curve stretches forward such that
HHTeHCHBHOCTHBblTRFHBaeTCRBneperl, the average values of full-flux scattered
Bo3paCTaK)T cpe_HHe BenHNHH61nonHoro radiation directed at the cone with a small

nOToKa pacceRHHOrO H3ny4eHHR, opening increase. The nonsphericity also
HanpaeneHHoro e KOHyCC Mani=lM yrnoM results in the appearance of noise in the
pacTBopa. HeccI:)epH4HOCT6npHBO_HT TaK;_e angular behavior of scattering intensity.
K "3aLUyMneHHtO"yrnoBoro noBe,13eHHR Indicatrix maxima decrease, whereas
HHTeHCHBHOCTHpacce_HH_. MaKCHMyM6a minima increase. Indicatrix extreme values

HH,D,HKaTpHC yMeHbUJalOTCR,a MHHHMyM61 shift towards smaller scattering angles.
Bo3pacTaiOT. 3KCTpeManbHble 3HaNeHHR
HH,D,HKaTpHCCMeuJ,aK:)TCRB CTOpOHy
MeHbU.IHXyrnos pacce_HH_.

_HR IVLH.,KO3HHu,ee B.H., Milenky, M. N., V. I. Kozintsev, B. A.
KONCTaHTI4I_B_.A._ 6an,l:leHKoe r'.H. O Konstantinov, and G. N. Baldenkov.
BO3MO_HOCTH Hcnonb3OBaHHR 1986. On the possibility of using multiple

MHOrOKpaTHOrOpacce_HH_ ,o.n_H3MepeHH_ scattering for measuring cloud height.
BblCOTblo6na4HOCTH. "Tp. HH-Ta npHKn. Proc. Inst. App. Geophys. U.S.S.R. State
reo_Hs, roc. KOM. CCCP no Comm. Hydrometeorol. and Environ. Prot.
rH,o.pOMeTeopon. H KOHTpOnlOnpHpo_. 67:129-135.
cpe,o.6¢', 1986. N 67, C. 129-135.

npHee,o.eH6ipe3ynbTaTb= pac4eToe The results of parameter calculations for
napaMeTpoe OD,HOKpaTHOrOH single and multiple scattering of a short
MHOrOKpaTHOrOpacceRHHR KOpOTKOFO optical impulse by cloud aerosols are
0nTH4ecKoro HMnynbCa Ha aopo30ngx given. A method of measuring cloud base
06naKa. npe_no:_eH MeTO,O,H3MepeHH_I height that uses a multiple scattering
BblCOT61HH_Hel;t rpaHHu,6i HFO, B 4aCTHOCTH, signal is suggested. Advantages of the
60nee BblCOKHe3HaHeHHRKOHTpaCTHOCTH method compared with the conventional
rpaHHU,6i 06naKa B yCnOBHRXno,o,06na4Ho_ methods used for measuring cloud base
,EIblMKHH pBaHORo6naNHOCTH, noKa3aHa height are shown, one of which is the
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higher values of cloud boundary contrastBO3MO)KHOCTb HC.1ONb3OBaHHR 3TOrO MeTO,D,a

np14He3Ha_14TenbHblX_opa6OTKaX Cep14RHOR under conditions of subcloud haze and
annapaTypbl ,o,nR 143MepeH14RHI-O. broken clouds. The possibility of using thismethod for cloud base measurements with

minor modifications of series equipment is
shown.

I I I IIIIIII

MHpa_c B.M., Fyceea H.FLO6na4HOCTbHa/3, Mirvis, V. M., and I. P. Guseva. 1986.
CesepHoRATnaHTHKORno cnyTH14KOBb=M14 Cloudinessover the North Atlantic from
Ha3eMHblM,QaHHblM. - "Tp. Fn. reo_143, satelliteand surface-baseddata. Proc.
o6ceps.", 1986. N 505, C. 29-42. Main Geophys. Obs. 505:29-42.

Ha MaTep14ane,O,eBRT14neT Ha6nlo,l_eH14_t Cloud amount monthly averages for nine
(1966-1974r'r) _nR oKeaH14HeCKHXCTaHU,HI;t years (1966-1974) for the North Atlantic
nor'o_blB CeBepHoRATnaHT14KesblnonHeHO Ocean Weather Stations land-basedand
conocTaBneH14ecpe_H14XMeCRHHblX satellitedata were compared. Discrepancy
3HaHeH14RKon-sa o6naHHOCT14no Ha3eMHblM values for individualstationsfor various
14cnyTHHKOBblM ,QaHHblM.Nony_eHbl monthswere obtained. Interannual
KOn14HecTSeHHbleoU,eHK14HeSR3OK_nR variability characteristics of monthly cloud
OT,l_enbHbaXCTaHU,HR14pa3HblXMeCRu,es. amount averages and time trend are
OT/3,enbHO no ,O,aHHblM Ha6nlo/:leH14gl CTaHU.I,,I_ estimated separately on the basis of
noro_,bl 3a 1953-1974rr. =4cnyTH14KOBblM Weather Station data for 1953-1974 and
Ha6nto.D,eH14RM 3a 1966-1983rr. ou,eHeHbl satellite observations for 1966-1983. It is
xapaKTep14CT14K14Me)KrO_OBO_ shown that the satellite cloud data are
H3MeHH14BOCTH cpe_HHX MeCRHHblX 3HaHeHHI;'I

o6na_HOCT1414BpeMeHHOrOTpeHD,a. characterized by a high positive trend in
noKa3aHo, HTO pR,0,bl cnyTHI/IKOBOR the southeast North Atlantic and a
06na_HOCT14xapaKTepH3yK)TCR6onl=,UJ14M negative trend in the northwest.
nonO)KHTenbHblM TpeH,O, OM B IorO-BOCT.HaCTH

CeB. ATnaHTHKH 14OTpHU, aTenbHblM Ha

ceBepo-3anaD.e.
IIIIIIIII

Mopa'_eBCKHRB.r'., ,I],y6pOBHqH.A., nOTaHHH Morachevsky, V. G., N. A. Dubrovich,
A.H. :3neKTpOnoBepXHOCTHble CBOI,;tCTBaRP,ep and A. N. Potanin. 1984. Surface electric
KaKBa_Hbll;1napaMeTp, onp_enRK)LU,HR propertiesof nucleias an important
pa3BHT14eoOna_Hb=Xnpou,eccos. "Me;_By3. parameter determiningthe developmentof
c8. HayH.Tp. J'ieH14Hr'pa_.rH_poMeTeoponor', processesin clouds. Interinst.Coll. Res.
HH-T.", 1984.N84, C. 156-164. Papers LeningradHydrometeorol.Inst.

84:156-164.
PacCMaTp14BaeTcfacneu,14_14_ecKoe
CBOI_ICTBOMoneKyngpHoro B3aHMo_el;'ICTBHR Specific propertiesof water molecular
BO_baC noBepXHOCTbK)R_ep KOHD,eHcaI.I,HH, interactionwiththe surface of
np14BO_,RuJ,ee K pa3nHHHO_KOH,O,eHcau,14OHHOI,;I condensationnuclei, resultingin varying
aKT14BHOCTHHOHOBpa3HbaX3HaKOB14 conCensationactivity ions of different sign
pa3n14_HO_nb_oo6pa3yK_LU,eR aKTHBHOCTHno and varying ice forming activityof
pa3HoMy3ap_)KeHH_XnosepxHOCTe_, differentlycharged surfaces, are
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npHBO_TCR pe3ynbTaTbl pac_eTOB H considered. Results of computations and
3KcnepHMeHTOB,nO/JTBep_J_aK)U.I,He experiments support the importance of
Ba)KHOCTbyHeTa 3THX CSOI;tCTB. taking these properties into account.

• I I

Mopo_ J'LI/LXapaKTep H npHpo_a Morozova, L. I, 1988. Character and
o6na4HblX aHOManH_ Ha_ paspbleHbIMH nature of cloud anomalies over broken

HapyweHH_MH nHToc_epba // lithosphere discontinuities. Central Type
Mop_ocTpyKTypbl U,eHTp. THna CH6HpH H Microstructures in Siberia and the Far
[],an. BOCT. Bna,O,HBOCTOK,1988. C. 120-13.5. East. pp. 120-135.

AHanH3HpyK:)TC_npH4HHbl_OpMHpOBaHH_ Causes for linearly shaped anomaly
aHOManH_ nHHeRHO_ _OpMbl B CTpOeHHH
o6naHHoro noKpOBa Ha_, pa3pbIBHbIMH formations in the cloud cover structure
HapyLUeHHRMH.npHBO,O,RTCRnpHMepbl CBR3eR over discontinuities are analyzed.

Examples of relationships between the
cTpyKTypHbaX HeO_,HOpO_HOCTeRKOpbaH crust structural inhomogeneities and cloud
aHOManHR B o6NaHHOMnoKpOBe.

cover anomalies are given.

IIIIIIIIIIIIII I I I

HasHpoa 3.H., Pacynoe J'I.C. _a3oeaR Nazirov, Z. N., and L. S. Rasulova. 1988.
cTpyKTypa o6RaKOB B 6acceRHe Cloud phase structure in the Kashka Darya
p.KauJKa,o,apbR no pa,o,HonoKaU,HOHHblMH basin from radar and aircraft data. Proc,
CaMOneTHblM ,EiaHHblM//Tp.CperlHea3. Cen. A_ian Reg. Sci. Res. Inst.
perHoH.HHH FOCKOMrH_pOMeTa. 1988. Bbln. Goskomgidromet. 126(207):33-38.
126/207. C. 33-38.

Space-time variability of cloud system
Ha OCHOBe pa/3HOnOKaU,HOHHblXH phase structure was investigated on the
CaMOneTHblX Ha6nK)/:IeHHRHccne,o,osaHa basis of radar and aircraft data. The
npocTpaHCTBeHHO-SpeMeHHaRH3MeHHHBOCTb frequency of occurrence of cloud thickness
cl:)a3oaoRcTpyKTypb= o6naHHb=XCHCTeM. with different phase states is determined
Onpe_eneHba nOBTOp_eMOCTbMOUJ,HOCTH as well as the ratio of areas with crystal,
o6naKoa _.nR pa3nH_Horo _a30Boro mixed, and liquid droplet phases. Echo
COCTORHHR, COOTHOLUeHHR nnoLu,a_et;t c signal depolarization values, which are
KpHCTannHHeCKOI;1,CMeUJaHHO_H used for locating different phase structure
• H,I:_KOKarlenbHOR(:_a3ol;1.OCHOBblBaRCbHa zones in the cloud, are made more specific
pesynbTaTax CaMOneTHblX HCCrle£1OBaHHI;1, on the basis of aircraft research.
npoH3se_eHo yTOHHeHHesenHHVlHbI
,QenonRpH3au,HH oxo-cHr'Hanos, no KOTOpOR
npOH3BO,QHTCRsbl_eneHHe B 06haKe 3OH C
pa3nH_HOR _aSOBO_ CTpyKTypoR.
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He3sar=,E.H., Hy6apoea I-LE.CneKTpanbHoe Nezval, Ye. I., and N. Ye, Chubarova.
pacnpe_,eneHHeConHeHHORpa,o,HaU,HHa 1989. Spectral distributionof solar
HHTepsaneBOnH290-560 HMnpH cnnouJHOM radiationin the 290-560 nm range with
noKpoBeo6naKoBsepxHerORpyca.// continuousupper-airclouds. Radiation
PaD,Hau,.CBORCTBanepHCTblXo6naKOB. M., Properties of Cirrus. Moscow.
1989.C. 148-152. pp. 148-152.

6onee no,o,po6HOpaccMoTpeHblHeKOTOpble Some peculiaritiesof upper-levelcloud
OCO6eHHOCTH BnHRHHfl o6RaHHOCTH BepxHer'o effect on the spectral distribution of
Rpyca Ha cneKTpanbHoepacnpe_eneHHe radiationin the 290-560 nm range are
pa,o,HalJ,HHB HHTepBaneJ_RHH BOnH290-560 described. The analysis of the spectral
HM.AHanH_cneKTpanbHor'opacnpe,o,eneHH_ distributionof total and diffuseradiation
CyMMapHo_IH pacceRHHORpa,O,HaU,HHnpH with cloudsand cloud-free sky show that
o6naKax H npH6e3o6na4HoMHe6e noKa3an, the average effect of cloudson the
4TO e cpe,O,HeMBnHRHHe o6na4HOCTH Ha incoming total and diffuse radiation is
npHxo,o,CyMMapHoRH paCCe_HHORpa,o,Hau,HR comparablewiththe effect of a highly
conoCTaBHMOC BnHRHHeMCHnbHO turbidatmosphere. Upper-levelclouds
3aMyTHeHHORaTMOCCI:)epI=I.O6naKa sepxHero significantlyaffect the diffuse radiation
_pyca npHBO,O,flT K cyuJ,eCTBeHHOMy spectrum,whereas the relativespectrumof
H3MeHeHHIO@OpMblcneKTpapacceRHHOR total radiationchanges insignificantly.
pa,o,HaU,HH,OTHOCHT, CneKTpCyMMapHo_
paD,Hau,HHH3MeHReTCflcna6o.

I

I't4Konaeea C.H., POMaHOBH.FLO6naHHble Nickolayeva, S. I., and N. N. Romanova.
CHCTeMbl B 3OHaXMaKCHManbHblX 1986, Cloud systemsin maximum wind
BeTpos."Tp.Cpe,o.Hea3.per'HoH.HHH zones. Proc. Cen. Asian Sci. Res. Inst.
I-OCKOMr'H,I:tpOMeTa",1986.N 122/203, Goskomgidromet122(203):37-38.
C. 37-38.

Resultsof analyzingcloud system
H3naraK_TCRpe3ynbTaTbl aHanH3a distributionsin maximumwind zones with
pacnpe_.eneHH_o6na4HblXCHCTeM B 30He differently oriented jet streams are given.
MaKC.BeTpOB npH pa3nHHHblX opHeHTaU, HRX The possibility of using satellite information
CTpy_HblXTeHeHHI;t.Ou,eHeHaBO3MO)KHOCTb for locatingthe jet stream axis is
Hcnonb3OBaHHRCnyTHHKOBORHH(:_opMau,HH estimated.
,o,nRonpeg,eneHHRMecTonono>KeHHROCH
CTpyRHOI'OTeHeHHR.
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Hocal_ C.B., 6yRKoBM.B. AHanHz ,O,aHHblX Nosar, S. V., and M. V. Buikov 1989
o6 o6naKax c nOMOLU,bIO nar'paH>KeBoR Cloud data analysis usingthe Lagrangian
MO,O,enH o6naKa // MaT. MO/J,enHp.aTMOC_, model of cloud MathematicalModellingof
KOHBeKU,HHH HCKyCCTBeH.BO3,0,eRCTBHRHa AtmosphericConvectionand Modification
KOHBeKTHB. o6naKa: Tp. 2 Bcec. CHMn., of ConvectiveClouds. Proc. Second All-
,[],onronpy_HbiR,26-29 Ma_ 1986.M., 1989. UnionSyrup Dolgoprudny,26-29 May
C. 83-91. 1986, Moscow. pp 83-91

,[],aHHble06 o6naKax H oca,o.KaxHa 3Mn Cloud and precipitation data, obtained at
YKpHHI"MHaHanH3HpyioTCAC u,enb_o the experimentalsite of the Ukrainian
npoaepKHHa 3MnHpHHeCKOMMaTepHane ScientificResearch Hydrometeorological
TeopeTHHeCKHXBblBO,D,OBH CBRZHMe_,l:ly Institute,are analyzed with a view toward
KOnHHeCTBOMo6naKoe H napaMeTpaMH testingthe empiricalmaterial, theoretical
o6naKa H aTMOC_epba,nony4eHHbIMHHa conclusions,and relationshipbetween
OCHOBenpe,o,cTaBneHHRo COpTHpOBKe cloudamountand cloudand atmosphere
rH,o,poMeTeopoea 3a,D,aHHOMnone D,BHN<eHHR parameters drawn on the basis of ideas
a o6naKe. _n_ packeTs napaMeTpoa about sortingout hydrometeorsin a given
KOHBeKI._HHHcnonb3yeTC_narpaH)Keaa_ motionfield in the cloud.The Lagrangian
MO,O,enb o6naKa. ,Qn_ aHanH_a6blnH cloud model is used for computing
ebl6paHbl112o6naKoe.Hcnonb_oeanHcb convectionparameters. One hundred
,O,aHHblepa_HO3OH,O,HpOeaHHgnyHKTOB I'. twelve cloudswere usedfor analysis.
KpHBO_Pot H C. )KOBTHeBOe.AHanH3 Radiosonderesultsfor two sites (Krivoy
,D,aHHblXno,o,Tsep>K,o.aeTTeOpeT,eblBO_O Rog and Zhovtnevoye)were used. Data
TOM, HTO npH 3HaHeHHHO_HOI'OH3 analysisconfirms(1) the theoretical
6e3pa3MepHbaXnapaMeTpos,MeHbUJHXHyn_, conclusionsthat if the value of one of the
oca,O,KHHeeblnaD,alOT,a TaK_e 0 dimensionlessparameters is less than a
CylL_eCTBOBaHHHCBR3HMe_,o,y3THM zero, there is no precipitationand (2) the
napaMeTpoMH KOnH4eCTeOMoca,o,KOB. existenceof a relationshipbetweenthe

parameter and precipitationamount.

I I III IIIII

naenoBa J'LH.PacnpocTpaHeHHeKOpOTKHX Pavlova, L. N. 1989. Propagationof short
CBeTOBblX HMnynbcose o6rlaKax//Tp, light pulses in clouds Proc. Inst. Exper
HH-Ta _KcnepHM.MeTeopon. / Meteorol. Goskomgidromet.49:82-92.
I'OCKOMr'H,[].pOMeT.1989.N 49. C. 82-92.

A short review is givenof theoreticaland
npHse,o,eH KpaTKHRO63OpTeopeTHqeCKHXH experimental resultsof studyingthe
3KcnepHMeHTanbHbaXpe3ynbTaTOe passage and reflectionof short light pulses
HccneD,OBaHHRnpoxo,_,O,eHHRH oTpa>KeHHR in media (cloudsof large opticaldepth).
KOpOTKHX CBeTOBblX HMnyrlbCOB B cpe,o.ee The main effects observedwhen short light
oGnaKax6onbuJo_OnTHHeCKORTonuJ,HHbh pulses propagate in clouds, apart from
OCHOBHblMH _3C_C_:)eKTaMH,Ha6nK),o.aeMbIMH their decreasing energy, is their space,
npH pacnpoCTpaHeHHHKOpOTKHX CBeTOBblX angle, and time broadening,which in turn
HMnynbcosBo6naKax nOMHMOyMeHbUJeHHR results in space and time disturbanceof
HX OHepr'HHRBnRIOTCRnpOCTpaHCTBeHHOe, irradiationcoherence. Studyingthe effect
yr'noBoeH BpeMeHHOeyuJHpeHHR,4TO, a of mediumcharacteristicson these
caolo o4epe,o.b,npHBO,QHT K processes is of practicalvalue for the
npOCTpaHCTBeHHOMyH epeMeHHOMy developmentof opticalsystemsfor
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signalling, location, and communicationHapyweHH_OKorepeHTHOCTH w_ny,_eHvm.
H3y4eHHe BnHRHHflHa 3TH 3C_CI:)eKTbl systems.
xapaKTepHCTHKcpe_baHMeeT npaKTHHeCKOe
3HaHeHHe,o,ng pa3pa6OTKH OnTHHeCKHX
CHCTeM CHI'HarlH3a_HH, rlOKalJ,HH B CBR3H.

I[I]l I I] ¸

I'lone_KaeaA.A. HyBCTBHTenbHOCTbMO_,enH Polezhayev, A. A. 1988. Sensitivity of a
KOHBeKTHBHb!Xo6rlaKOB H oCa,D,KOBK convective cloud and precipitation model to
cnoco6aM napaMeTpH3aU,HH microphysical processes parameterization

MHKpOCI:)H3HHeCKHXnpou,eccoa/c/cTcPI_ methods. Proc. Hydrometcent. U.S.S.R.rH,O,pOMeTeoporl. H.-H. U,eHTpa . 1988. 298:85-97.
N 298. C. 85-97.

A brief description is given of different
Co_ep)KHTCg c_caToe onHcaHHe pa3nH4HbaX microphysics parameterization procedures
npou,e_,yp napaMeTpH3aU,HH MHKpOCI:)H3HKH, combined into four independent models of
O6_e,D, HHeHHblX B 4 CaMOOTORTenbHble cloud and precipitation formation to be
Mo_enH 06naKo- H OCa_,KOO6pa3oBaHHg_lnR used for local weather forecasting. Ice-
HcnOrlb3OBaHHRB 3a_.a_le noKanbHOl'O formation processes in the atmosphere are
nporHo3a noro_bl. I'lpH ::)TOMC pa3nH4HOR taken into account with a different degree
cTeneHblO nonHOTbl yHHTblBalOTCflnpou,eccb_ of completeness. Numerical experiments
nb,o,oo6pa30aaHH_ B aTMOCc_epe, are analyzed using five sets of World
npOH3BO_HTCRaHanH3 HHCneHHblX Meteorological Organization-recommended
OKcnepHMeHTOBno 5 KOMnrteKTaMpeanbHblX real, original data sets containing
HaHarlbHblX,QaHHblX,peKOMeH_OBaHHblXBMO, information on mesoscale convective

a KOTOpblX CO,Clep)KHTCgHH_OpMau,HFIO processes over the US, Canada, and the
KOHBeKTHBHblXMe3OMaCUJTa6HblXnpou,eccax Tropical Atlantic. The calculation results
Ha,QCUJA, KaHa,o,oR H TponH_eCKOR3OHOR
ATnaHTHKH. Pe3ynbTaT_,l pac4eToe are compared with aircraft and radar

observation data. Conclusions are drawn
cpaBHHBa_OTCAC ,0,aHHblMHCaMOneTHb=XH
pa_HonoKau,HOHHbaXHa6nIo,o,eHHR. ,0,enaloTcg on the quality of various cloud and
abIBO,QbaO Ka_ecTae pa3nHHHblXanropHTMOa precipitation parameterization algorithms.
napaMeTpH3aU,HH o6naKoB H oca,o,KOB.O,O,HH One of the versions (Model L)is
H3 sapHaHTOB (MO,o,enb J'l) npe,o,naraeTc_ suggested for incorporation in the local
_lnR BKnK)HeHHRB MO,l:lenbnoKanbHOr'o forecasting model.
npor'Ho3a.
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rlonoaaFLn., UJ,yKHHI'.r'. Onpe,o,eneHHe Popova, N. D., and G. G. Shchukin.
BO,QHOCTH KOHBeKTHBHblX o6naKOBno 1987. Determiningwater cont_.ntof
,QaHHblMnaCCHBHO-aKTHBHO_paD,HOnOKaU,HH. convectivecloudson the basis of
"Tp. I'n. reo@H3, oScepa,", 1987.N 508, primary/secondaryradiolocation.Proc
C. 91-96. Main Geophys. Obs 508:91-96.

_nR OI.t,eHKH BO,D,HOCTH KOHBeKTHBHblX To evaluate convective cloud water

oerlaKOBHCnOnb3yeTcRKopperlRU,HOHHOe content,the correlationz-Aw" is used
COOTHO_eHHez-Aw=, B KOTOpOMnapaMeTpbl where the parameters A and a are
A H a onpe_en_loTc_ H3 pe_ynbTaTOS determinedfrom the resultsof
naCCHBHO-aKTHBHOI'O pa,o,HOnOKaU,HOHHOr'O primary/secondary radar sounding.
3OH,D.HpOBaHHR.

L__ II III II I IIIIIIII

I'lpoKon_eaaH.rL, ToKapea B.r'. Prokopyeva, I. P., and V. G. Tokarev.
ABTOMaTH3HpOBaHHbIRcnoco6 nporHo3a 1989. A computerizedmethod of
nepeMeuJ,eHHABO3,O,yWHblXMacCH forecastingair mass and frontalcloud
_pOHTanbHblXoena_HblXCHCTeM//Te3. systemmotion.Abstractsof Reportsof the
_,OKn.3 Bcec. KOHCI:). no CTaTHCT. ThirdAll-UnionConference on the
HHTepnpeTaU,HHr'H,O,pO_HHaM,npor'HO3OB. StatisticalInterpretationof Hydrodynamical
Hanb_lHK,25-30 CeHT.,1989.M., 1989.C. 22. Forecasts. Nalchik,25-30 September.

1989. Moscow. p. 22.
npe,o,no>KeHaBTOMaTH3HpoBaHHblR cnocoe,
nO3BOrlRIOUJ,HRno ,I:IaHHblMI'H,o,po,I:]HHaMH- A computerizedmethodwas suggested
_ecKor'onpor'Ho3apaCC4HTaTb that makes it possibleto use hydrodynamic
nepeMeu_eHHeBO3,O.yWHblXMacc, _pOHTOB forecastdata to calculate air mass and
(¢_) H CBR3aHHblX C HHMH oenaHHblX CHCTeM front motion as well as cloud systems
(OC) Ha24-48 4. Ha,o,rUOeblMperHOHOM.B connected with them for 24-48 h over any
OCHOByMeTO,O,HKHnono_KeHarv,noTe3a o area. The techniqueis based on the
coxpaHeHHHOCHOBHblX npH3HaKOB hypothesis of the conservation of all major
CHHOnTHHeCKORCHTyai4HH 4epe_ 24 ,_.np, characteristicsof synoptic situation during
MaTeMaTH4eCKORoepaeOTKe 24 h. Image recognitiontheorywas used
Hcnonb3osanacbTeopHRpacno3HaBaHHR in mathematicalprocessing.The method
oepa3os. MeTorl 6bin anpoeHpOBaHHa was tested on actual data (18 cases for 18
_aKTH'4eCKOMMaTepHarle_o 18cnyHaeBno areas of Siberia). Synopticmap data were
18 paROHaMTeppHTOpHHCHeHpH. usedto calculate frontalmotions,and
nepeMeuJ,anHcb¢, CHRTbleC CHHOBTHHeCKHX satellite data were used to calculate cloud
KapT,a TaK_e OC no ,O,aHHbiMHC3. systemmotions.The reliabilityof
Onpas_bIBaeMocTbnpor'Ho3anepeMeuJ,eHHR forecastingsynopticfront movement was
CHHOnTHHeCKHX(I) COCTaBHna95%, a 95%, whereas the reliability of forecasting
nporHo3anepeMeu.l,eHH_OC 86, 8%. cloud systemmovement was 86.8%.
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PeMeHCONB.A., U.lycTepi'Ll'. K sonpocyo Remenson, V. A., and L. G. Shuster.
npocTpaHCTBeHHOMO606uJ,eHHH 1989. On space summarizationof climatic
KnHMaTH4eCKHXJQaHH6aXO KonH4eCTBe data on cloudamountfor solvingproblems
oena4HOCTH,o,n_peLUeHH_3a,o,a,4 of remote soundingof the natural
,QHCTaHIJ,HOHHOr'O3OH,O.HpOBaHHRnpHpO,O,HOR environment. Interinst. Coll. Res. Pap.
cpe_61//Me>KBy3. C6. Hay4. Tp. /J'IeHHHI'p. LeningradHydrometeorol.Inst.
rHgpoMeTeopon. HH-T. 1989.N 102. 102:123-130.
C. 123-130.

Environmentalremotesoundingsystems
CHCTeM61 ,QHCTaHU,HOHHOr'O 3OH_HpOBaHHR require the availability of data on clouds.
oKpy>KalouJ,e_ cpe,o.61Tpe6yIOT3HaHHR Constructingdifferentclouddistribution
,QaHHblX 06 oenaHHOCTH, nocTpOeHHe modelsfor the USSR area is performedon
pa3nH4H61XMO,o,eneR pacnpe,qeneHHR the basisof climatologicaldata
OerlaHHOCTH no TeppHTOpHH CCCP summarization. Statistical characteristicsof
OCyLU,eCTBnReTCRHa OCHOBaHHH 0606UJ,eHHR clouds and USSR r_gionalizationas far as
KrlHMaTHHeCKI, IX ,O,aHHblX.B CTaTbe cloudpattern is concernedare given inthe
CTaTHCTHHeCKHe xapaKTepHCTHKH paper based on the Manual on the USSR.
O6rlaHHOCTH H paROHHpOBaHHe TeppHTOpHH Climate and results of 6-h observationsof
CCCP no pe>KHMyo6na4HOCTHnpHBO_HTC_ the reference stationnetwork. Besides
no ,O,aHHblM Cnpaao4HHKano KnHMaTyCCCP cloudvariability,characteristicsdata on the
COBMeCTHOC pe3ynbTaTaMH4-cpO4HblX average and continuousdurationof
Ha6nlo,g,eHH_onopHoglCeTHCTaHU,H_. KpoMe variousgradationclouds as well as on the
TOr'O, ,o,nR O£tHOpO,D,HblX o6na4HblX pa_oHOa probabilityof transitionof one gradation
nony4eH61 xapaKTepHCTHKH H3MeHHHBOCTH cloud to another in differenttime intervals
oenaHHOCTH,,l:laHHbteO cpe,o,HegtH
Henpep61BHO_npo,o,on;_HTen6HOCTH were obtainedfor uniformcloud regions.
pa3nH4HbtXr'pa,o,au,HRo6na4HOCTH,a TaK)Ke
BepoflTHOCTHnepexo_,aO,qHORr'pa,o,au,HH
o6na4HOCTHS p,pyryK) 4epe3 pa3nH4Hble
npoMe:>KyTKHBpeMeHH.

CapKHC_U.IB.O. 0 pac4eTe HHTeHCHBHOCTH Sarkisyan, V. O. 1986. On calculating rain
_,o_:_,_,o,nR TeppHTOpHHEpeBaHa. intensityfor the Yerevan area.
"l"H,o,poMeTeopon.Hccne_. B ApMeHHH.B6in. Hydrometeorol.Res. Armenia. Moscow.
2." M., 1986.C. 52-57. 2:52-57.

Ha OCHOBecneu,HanbHOl,Tlo6pa6OTKH3anHceR A formula of computedrain intensitywas
CaMOnHUJyU.I,HX _O_K,0,eMepOBBnepB6te firstdeveloped, and the _,aluesof its
BblBe,O,eHa _-na paCHeTHOR HHTeHCHBHOCTH parameters for different durationsfor the
,qO>K_RH nony4eH613Ha4eHH_ee napaMeTpos Yerevan area were obtainedon the basis
npH pa3HblXnepHo_taxnpo_,on_HTenbHOCTH of speciallyprocessedreadingsof an
_,n_ TeppHTopHHEpeaaHa. automaticrain gauge.
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[UarBBeK)c C.C., gecKaycKac P.B. Shalaveyus, S. S. and R. V. Leskauskas.
HCCneD,OBaHHeKOHBeKTHBHblXo6naKoB npH 1984. Studying convective clouds using
nOMOUJ,H XHMH4eCKHXTpaccepos. "(_H3. chemical tracers. Phys. Atmos. Vilnius
aTMOC(:_."BHnbHIOC,1984. N9, C. 15-35. 9:15-35

063op pa6oT, BblnOrlHeHH61XC 1961 no 1980 This is a review of research papers
rr. 3a 3TOT nepHo,q npoae_.eHo OK. 140 published over the period 1961-1980.
3KcnepHMeHTOB, BOBpeMR KOTOpblX B During this period about 140 experiments
Ka4ecTse TpaccepoB Hcnor163OSaHO18 were staged in which over 18 different
pa3nH4HblX XHMHHeCKHXorleMeHTOB, chemical elements were used. The list of

npHBO,O,HTCR nepe4eH6 ony6rlHKOBaHHblXr._ published experiments is given, along with
ne4aTH 3KcnepHMeHTOB,_aHHble O data on tracers, ground rain gauge sites,
Tpaccepax, Ha3eMHblXnrlIOBHOMeTpH4eCKHX and engineering support of the
norlHroHax, a TaK>KeTeXHH4eCKOM experiments. Definitions of parameters that
06ecne4eHHH OnblTOB,o6cy>K_.aK)TCA characterized the experiments, and the
onpeJ;lerleHHRnapaMeTpoB, goals and results obtained are also
xapaKTepH3yIouJ,HX :)KcnepHMeHT61,u,erlH H discussed. Shortcomings in the technique
pe3yn6TaT6i, nony4eHH61eB xo,o,e pa6oT61, and the interpretation of results are shown.
rloKa3aH61He,qoCTaTKHS MeTO,EIHKeH
HHTepnpeTalJ,HH pe3yrlbTaTOB
3KCnepHMeHTOB.E)H6rl. 10.

IllepcTIOKOBE,.I"., Pe_TeH6ax P.I-. Sherstyukov, B. G., and R. H.
BepTHKarl6H61enpo_HnH TeMnepaTyp61 H Reitenbach. 1990. Vertical profiles of
Bna_HOCTH aTMOCC_ep61npH pa3nHHHblX atmospheric temperature and humidity
yCrlOBHRXO6rlaHHOCTHH U,HpKyrlRU,HH. under different cloudiness and circulation
TpyD,61BHHHI-MH-MLI, J_, 1990. B61n.153, conditions. Proc. All-Union Res. Inst.

C. 70-82. Hydrometeorol. Inf. World Data Cent.
153:70-82.

nonyqeH61 KnHMaTHHeCKHeBepTHKanbHble

npo_HnH TeMnepaTyp61 H Bna>KHOCTH Vertical climatic air temperature and
BO3D,yxa B cnoe 0-30 KM npH pa3rlH4HblX humidity profiles for the surface to 30-km
yCnOBHRXKOrlH4eCTBa o6u.t,eR o6na4HOCTH layer under different total cloud amount
no CTaHU,HRM CCCP c y4eTOM CyTO4HOr'OH conditions were obtained for several USSR
FO_IOBOFOxo_,a MeTeoporlor'H4eCKHX stations, taking into account diurna and
BerlH4HH.BblnOrlHeH ,O,HcnepCHOHHblRaHanH3 annual variations of meteorological
H norly4eHbl oU,eHKH BKrla_],aO6rlaHHOCTHB parameters. Variance analysis was
06uJ,yio _IHCnepcHK)TeMnepaTyp6i BO3_yxa performed and the cloudiness contribution
Ha pa3rlH4HblX ypOBHgXOT 3eMrlH. B6msneH61 to the total air temperature variance at
yCnOBHg,npH KOTOp61x06rla4HOCT6 different levels above the earth was
OKa3blBaeTCyu.I,eCTBeHHOeBrlHRHHeHa

estimated. Conditions were specified under
TeMnepaTypy BO3,qyxa. which air temperature is significantly

Ha npHMepe CT. MOCKBanpoBe,o,eH affected by clouds.

KoMnneKCHblRcpaBHHTenbHblR aHarlH3 ponH An integrated comparative analysis of theKOrlHHeCTBaO6UJ,eR H HH_HeI_ O6rlaHHOCTHH

CHHOnTHHeCKHXyCrlOBHRB (:I:)OpMHpOBaHHH role of the total and lower cloud amounts
BepTHKanbHblXnpoc_Hrle_;tMeTeoporlor'H- and synoptic conditions in the formation of

vertical profiles of meteorological
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HeCKHXsenH4HH B Tponoc_epe H B HH)KHeR parameters in the troposphere and lower
cTpaToc_epe, noKa3aHo, 4TO o6naqHOCTb stratosphere was carried out for the
OKa3blaaeT cyuJ,eCTBeHHOeanHgHHeHa Moscow station. It is shown that clouds
sepTHKanbHble npo_HnH TeMnepaTypbl have a pronounced effect on temperature
(aKna/:l S 06_yIo ,o,HcnepcHto 10%) a profiles (10% contribution to total variance)
npw3eMHOMH norpaHH_HOM cnoRx in the surface and boundary layer
aTMOC_epbl 3HMORS nK_60e BpeMg CyTOK H atmosphere at any time of the day in
neTOM S ,O,HeeHoe apeMg, npH 3TOM rlonR winter and in the daytime in summer. This
,O.HcnepcHHnpH3eMHORTeMnepaTypbl, being the case, the contribution of
caR3aHHa_ C yCnOBHRMHo6na_IHOCTH,no cloudiness conditions to the surface
6OrlbUJHHCTByCTaHU,HR CCCP 3HMOR temperature variance for most of the
COCTaBnReT20-50%, a neTOM B ,D,HeBHOI;I USSR stations amounts to 20-50% in
CpOK10-30%. BbluJeB.rlHRHHRyCnOBH_ winter and 10-30% in the daytime in
o6na_HocTH yMeHbuJaeTcR, summer. The effect of clouds decreases

with height.
KOnHHeCTBOO6rlaHHOCTHCBR3aHOC

CHHOnTHHeCKORCHTyau,HeR, O,D,HaKO Cloud amount is connected with the

U,HpKyn_LLHOHHbleycnoBH_ H pa,o,Hau,HOHHble synoptic situation; however, the circulation
npou,eccbl, per'ynHpyeMbm O6rla'-IHOCTblO, pattern and radiative processes controlled
no-pa3HoMy BnHRK)THa TepMH'4eCKH_ by clouds affect thermal conditions
pe)KHM. CMeHa IJ,HKrlOHHHeCKHXH differently. Alternating cyclonic and
aHTHIJ,HKnOHHHeCKHXycnoBvt_tO61=RCHReT10- anticyclonic conditions account for 10-16%
16% /:IHcnepcHH TeMnepaTypbl BO3_yxa B of the air temperature variance in Moscow
MOCKBeB CrlOe 1-8 KM H 12-14 KM, B TO in the 1-8 km and 12-14 km layers,
BpeMR KaK H3MeHeHHe KonHHeCTBa whereas variations in th,e cloud amount

o6rlaHHOCTHBnHReT Ha TeMnepaTypy affect only the subcloud ;_yer temperature,
BO3,0,yxaTOrlbKOB no/3,o6naHHOMcnoe c with a maximum effect at the earth's
MaKCHManbHblM3C_CI:)eKTOMy 3eMrlH. surface. Low cloudiness conditions in
YCnOBHRO6rlaHHOCTHHH_HeI'O Rpyca 3HMOI;t
B MOCKBeonpe,qenRK_T35% ,O,HCnepCHH wintertime in Moscow account for 35% of
TeMnepaTypbl H 37% ,QHcnepCHHBrla)KHOCTH the temperature variance and 37% of the
BO3,O,yxa y 3eMrlH, a ycrloBHR o6u.l,eR air humidity variance at the surface,whereas total cloudiness conditions
o6naHHOCTH-23% _HcnepcHH TeMnepaTypbl
H 21% ,0,HCnepcHHBna_HOCTH BO3,0,yxa. account for 23% of the temperature

variance and 21% of the humidity variance.
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Shishkin, N S. 1981 On water _."intent
U.IHmKHXH.C. K pac4eTy so,Qo3anaca " '
KOHBeKTHBHblX o6naKOB Ha,O,6OnbLUHMH calculation in convective clouds over large

areas. Proc. Main Geophys. Obs.
TeppHTOpH_MH. "Tp. I'n. r'eo_H3. 06cepB.", 439:11-16.
1981. N 439, C. 11-16.

no _aHHblM O 3anacax KOHBeKTHBHOI_I Water content of convective clouds over
_HeprHH aTMOCC_epbl,nony_aeMbiM c large areas with unstable stratification of
nOMOUJ,blO MeTO,O,acnoR, MO)KHOonpe_en_Tb the atmosphere can be determined from
anaro3anac KOHBeKTHBHblXo6naKoa Ha,Q the convective energy potential of the
60nbmHMH nnom,a,o,_MHnpH HeycToI;t4HBOI_ atmosphere, which is obtained by the slice
cTpaTH_HKaU, HH aTMOC_epbl, npHBe_.eHbl method.
npHMepbl pacHeTa Bo,qo3anaca.

IIIHagl.qMaHB.A., XOMeHKO r'.B.,Tepeu_eHKo Shneidman, V. A., G. V. Khomenko, and
I/I.3. MO,o,erlHpOBaHHeKpynHOMaCUJTa6HblX I.E. Tereshchenko. 1989. Modelling
honer BepTHKanbHblX ,D,BH_eHHR H large-scale fields of vertical motion and
o6na4HOCTH no ,O,aHHblMnl-3n//MaT, clouds from FGGE data. Mathematical

MorlenHp. aTMOCCI3.KOHBeKU,HH H HCKyCCTB. Modelling of Atmospheric Convection and
BO3,D,eRTBHI;IHa KOHBeKT.o6naKa: Tp. 2 Modification of Convective Clouds: Proc.

Bcec. CHMn., ,[],orlr'onpy_Hbl_, 26-29 MaR Second All-Union Symposium.
1986. M., 1989. C. 92-98. Dolgoprudny, 26-29 May 1986. Moscow,

pp. 92-98.
MaTeMaTH_iecKag MO,l:lerlb_OpMHpOBaHHg

KpynHOMaCLUTa6HblXnorle_;tBepTHKarlbHblX A mathematical model of large-scale
£IBH;_eHHI;InocTpoeHa Ha OCHOBe3aMKHyTOR vertical motion fields was constructed on
CHCTeMbl ypaBHeHHRr'H,O,poTepMo,I:IHHaMHKH, the basis of a closed set of

BKrlK_HaK:)LU,eR yp-HHe 3aBHXpeHHOCTH, hydrodynamical equations, including the
_HBepr'eHU,HH H npHTOKa Tenrla. Oc060e vorticity, divergence, and heat influx
BHHMaHHey_,eneHo MeTO,O.HKe equations. Special emphasis is placed on
napaMeTpH3au,HH o_eKTa nnc,Ha OCHOBe the heat influx parameterization technique,
KOTOpO_c_opMyrlHpOBaH arlr'OpHTM H on which basis an algorithm was
pa3pa60TaHa npor'paMMa pacHeTa
CI:)pHK_HOHHblXBepTHKarlbHblX ,I_BH)KeHHR. formulated and a program for calculating

vertical friction motions was developed.
r]poBe_eH aHariH3 npOCTpaHCTBeHHOr'O
pacnpe_erleHHR o_HaHHOCTHB 3aBHCHMOCTH The spatial distribution of clouds as a
OT CHHOnTHHeCKHXCHTyaU,HR H function of synoptic situations anddistribution of vertical motion fields was
pacnpe_,eneHH_ none_ sepTHKanbxblX
,[IBH_eHHR. BbinOrlHeHOconocTaBneHHe analyzed. Calculated and actual cloud

paCCHHTaHHblXH CI:)aKTHHeCKHXnone_ fields were compared, and guidance was
O6rlaHHOCTHH C_OpMyrlHpOeaHb! developed for estimating cloud amount.
peKOMeH,O,alJ,i,._lno KonHHeCTBeHHORoU,eHKe
6anrla O6rla_.IHOCTH.
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IllycTep J'L['. OU,eHKa BepORTHOCTH Shuster, L. G. 1985. Assessing the
nOKpbtTHgcnnouJH61Mo6na4HbiM noneM probability of continuous cloud fields
npoT_l_eHHblX y4aCTKOB 3eMHOR completely covering long stretches of land
noBepXHOCTH."MeTeopon. nporHo361",J'l., surface. Meteorological Forecasts
1985. C. 90-97. Leningrad. pp. 90-97.

Ha OCHOBeKpyFoBORannpOKCHMaU,HH The probability that frontal cloud fields and
o0na4HblX noneR H OT,o,enbHblX individual convective clouds cover
KOHBeKTHBHblXo6rlaKOB, H3BeCTHOR rectilinear stretches of Earth's surface in
nOBTOp_eMOCTH(OMnHpH4eCKOR different areas of the Northern Hemisphere
BepORTHOCTH)xapaKTepHblX pa3MepoB 3OH is estimated on the basis of spherical
CnOHCTOO6pa3HORH Ky4eBoo6pa3HOR approximation of cloud fields and individual
o6naHHOCTH oU,eHHBaeTcR BepORTHOCT6 convective clouds and the known
nOKpblTHRoTpe3KOB3eMHORnoBepXHOCTH, frequency of occurrence (empirical
HMelOUJ,HX _opMy npRMOrlHHeRHORnorloc61, probability) of characteristic sizes of strata
(:J:)pOHTanbHblMHo6naHHblMH nOnRMHH and nimbus zones.
OT,D,enbHblMH KOHBeKTHBHblMHO6rlaKaMH B

pa3nH4Hi_X perHoHax ceB.nonyLuapHg.

IllycTep Jl.r. B616op3aKOHa pacnpe_eneHHR Shuster, L. G. 1983. The choice of
,o,rlg annpOKCHMa_HHo6uJ,ero KOnHNeCTBa distribution law for approximating the total
O6rlaKOB."Me>KBy3.C6. Hay4. Tp..l'leHHHrp. cloud amount. Interinst. Collect. Res. Pap.
rH_,poMeTeopon. HH-T, 1983. N 82, C. 119-126. Leningrad Hydrometeorol. Inst.

82:119-126.

PacCMaTpHBaeTCR BO3MO_HOCT6
npHMeHeHHR6eTa-pacnpe_eneHHR nepBoro The possibility of using the first-type beta-
po_,a, ceMeRCTBa pacnpe_eneHHR SA H SB distribution, the Johnson distribution family
_:>KOHCOHa,pacnpe_eneHH_i nHpcoHa THna 1 SAand SBand the first-type Pearson
,o,n_lannpOKCHMaU,HH o6uJ,ero KOn-Ba distribution for approximating the total
o6naKOB. H3no_eHa o6uj,aR MeTO,O,HKa cloud amount is considered. The general
B616opa3aKOHapacnpe_eneHHR n_o6oR approach to choosing the distribution law
cny4aRHo_ BenHHHH61,,D,aH61peKOMeH,o,aU,HH for any random value is described, and
no ee HCROrlb3OBaHHIOnpHMeHHTerlbHOK recommendations are given for its use with
O6rlaHHOCTH.noKa3aHa BO3MO_HOCT6 reference to clouds. The possibility of
npeo6pa3oBaHHR U - o6pa3Horo using a simple function to transform a U-
pacnpe,o,eneHHR KOn-Ba o6naKOB C nOMOLU,610 type cloud amount distribution to a
HeCrlO_HOI;t(:I_-I.I,HH B pacnpe_,eneHHe, distribution close to normal is shown.
6nH3Koe K HOpManbHOMy.
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CxHipTrla_3e r.H. 06 H3MeHHHBOCTH Skhirtladze, G. I. 1986. C,n the variability
napaMeTpoB MHKpOCTpyKTypbaB none of microstructure parameters in the
KyqeBORo6naHHOCTH. "Bonp.(_H3. o0naKOB", cumulus cloud field Problems of Cloud
J'l., 1986. C. 225-228. Physics Leningrad. pp 225-228

no ,O,aHHblMH3MepeHHRcneKTpOa o6naHHblX Estimates of the variability of various
Kanenb, npose,o,eHHb=xc nOMOLU,bIO cumulus microstructure parameters (water
caMoneTHoro _OTO3neKTpH4eCKOrO content, mean droplet radius and
CHeTHHKa,c,o,enaHbl oU,eHKH H3MeHqHBOCTH concentration, droplet size spectrum, and
napaMeTpoB MHKpOCTpyKTypbl Ky4esblx spectrum relative variance) were made on
o6naKoa - BO,QHOCTH, cpe_Her'o pa_Hyca the basis of cloud droplet spectrum
Kanenb, HX KOHU,eHTpau,HH, cneKTpa measurement data made by an on-board
pa3Mepos Kanenb H OTHOCHTenbHO_ aircraft photoelectric counter.
_,HcnepcHH cneKTpa. H3MepeHHg cneKTpOB Measurements were made discretely,
o6na4HblX Kanenb ocyu.I,ecTBnRnHcb every second in the range 0.6 < r < 15 pm,
_HCKpeTHO, O,._HH pa_ s ceKyH_y, B with the sample space averaging scale of
,o.Hana3oHe0,6 < r < 15 MKM C about 30 m. Variability of parameters for
npocTpaHCTBeHHbIMMaCUJTa6OMocpe_HeHHR different cloud types were estimated for
npo60KOnO 30 M. OU,eHKH H3MeHqHBOCTH three cases: samples with maximum
napaMeTpoB no pa3HbIM o6naKaM npoBeg.eHba recorded water content of the cloud, those
£1nRTpex cny4aeB: no npo6aM, B KOTOpblx averaged over the cloud updraft region,
6blna 3aperHcTpHpoBaHa MaKCHManbHaR and those averaged over the whole cloud.
BOD,HOCTbB o6naKe, no npo6aM, Water content and concentration averaged
ocpe,o,HeHHblMno o6nacTH BOCXOD,RLu,ero over the whole of the horizontal extent of

noTo':a a o6naKe, H no npo6aM, the cloud are most variable (32 and 24%,
ocpeD,HeHHblMno eceMy o6naKy, respectively). The variability of parameters
HaH6onbuJy_OH3MeHHHBOCTbno nonE)
o6naKoB HMelOT BOD.HOCTbH KOHLLeHTpalJ, HR, averaged over the updraft in the cloud is
ocpe,o,HeHHbleno Bce_ ropH3OHTanbHOR essentially lower (23 and 6%,
npOTg;_eHHOCTHo6naKa (32 H 24% respectively), whereas the parameter
COOTBeTCTBeHHO).H3MeHHHBOCTb values are close to maxima. This is an

indication of similar conditions of cloud
napaMeTpos, ocpeD.HeHHblXno BOCXO_UJ,eMy
nOTOKy B o6naKe, Cyl.u,eCTBeHHOMeHbuJe(23 droplet formation within updrafts of
H 6% COOTBeTCTBeHHO),a 3HaqeHHe different clouds.
napaMeTpoB 6nH3KH K MaKCHManbHblM._TO
yKa3blBaeT Ha OD,HHaKOBOCTbyCnOBHI;I
_OpMHpOBaHHRcneKTpa o6naqHblX Kanenb
BHyTpH BOCXO.QRU.I,HX nOTOKOBpa3HblX
o6naKOB.
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CM_pHOaB.14.MVIKpOCTpyKTypa08naKoB14 Smirnov, V. I. 1987. Microstructure of
oCa_KOB.-"VITOr14HayKH 14TeXH.BIAHIATH. cloudsand precipitation.Resultsof
MeTeopon. 14KnL4MaTOn.",1987. 1.5,C. 1-193 Science and Technology.VINITI. Meteorol.

Climatol. 15:1-193.
VI3naraK:)TC_pe3ynbTaTbl HaTypHblX14
na6opaTopHbaXH3MepeHH_,aHanL4T14,4ecKoR Results of field and laboratory
TeopL4i414414cneHHoroMo_en_4posaHvl_, measurements,the analyticaltheory, and
ony6n14KOaaHHbleS OCHOBHOMa 1983-1985rr. numericalmodellingof the microstructure
no M14KpOCTpyKTypeo6naKoa 14oca,D.KOB: of cloudsand precipitationpublishedover
CB_3E,cneKTpOBpa3MeposoSna_HblXKanenb the period 1983-1985 are given, including:
14Kpl4cTannosc napaMeTpaMvl_,qep, the relationshipbetween cloud droplet and
_OpMWpOBaH14ecneKTpOBKanenb L4ne/_l_HbiX crystal size spectra and nucleus
L.laCT14U,,pa3MHO)KeHt4enocne/:lHHX,nepeHoc parameters;spectrumformationof droplet
4aCTVlU,B Typ6yneHTHOI;1 o6na_lHOgl cpe_,e, and ice particles and the multiplication of
C_,enaHanonbITKaynopRD,O_L4TbnpoSneMbl the latter; and particle transfer in turbulent
MVlKpOCI:)14314K14o6naKOB14oca,o,KOB. rlocne cloud medium. An attempt is made to
pe_epaT14BHOrO143no;_eHHR/],OBOnbHO systematize the problems relating to
6OnbLUOrO4Hcna paSoT no TeMe c/:lenaHbl microphysicsof clouds and precipitation.
BblBO,Qbl O COCTOFIH14H H nepcneKTHBax After abstracting a large number of papers
peLUeH14_OCHOBHblX npo6neM, rlony_eHbl on the topic, conclusions are drawn on the
3HaHHTenbHble HOBble /3,aHHble O cneKTpax
Kanenb.Bbl_eneH HOgbl_THrlcneKTpOB status of and prospectsfor solvingmajor
ne,o,_HbiX_aCTVlU,,annpoKCi4MvlpyeMblR problems. Quite significant new data on
,O,ByM_I ::)KCnOHeHTaMH. B OS'bFICHeHHH droplet spectra are obtained. A new-type
Ha6nK_aeMblX cneKTpOBoSna_HblXKanenb spectrum of ice particles was identified,
HaHHHalOT HcnOnb3OBaTbCfa KHHeTHHecKHe which was approximated by two
yp-HH_, onHCbIBaK_LU,14epacnpe_eneHHg g_,ep exponents. Kinetic equations describing
KOH,D,eHCaLI,IAH no aKTHBHOCTH I/I O6MeH condensation droplet distribution with

oSnaKOBC oKpy)KeHHeM.YTO_HeHaTeop[4g respect to activity and cloud exchange with
O6BO.O, HeHHFI R_,epB no/:lo6na_.lHblXcnogx, the environment were used to explain the

observedcloud dropletspectra. The theoryH,[3,eHT14_IAU,HpOBaHbl 6H-cTeneHHble cneKTpbl.
Ha 6OnbLUO_CTaTHCTHKenpoaHanH3HpoBaHa of nucleus wetting in the subcloud layer is
CBFI3b cTeneHHblX cneKTpOB_,ep v_ made more specific, and the bipower
o6naHHblX Kanenb 14c yHeTOM : spectra are identified. The relationship
TeopeT14HeCKHX ,O,aHHblXc_enaH BI_IBO_ O between nucleus power spectra and cloud
rnaBHO_lpon_4KOH,D,eHCaM,HHB /3,1Aana3oHe droplets is analyzed on the basis of
,I_eCgTKOB MKM.C_enaHb_3HaHHTenbHble statistics, and the conclusion about the
Luar_4B pa3pa60TKe TeopHHcTeneHHblX main role of condensation in the range of
CneKTpOB.rlo_Bn_eTcg Ha_e_.o,a tens of micrometers is discussed.
pacLut4BpOBaTb_KCnOHeHU,_4anbHb_cneKTp Significant steps were made in developing
oCa,D,KOBHa nyT_4yHeTa pa3n_4_ Bo3paCTOB the theory of power spectra. There
_aCTI4U,.3aMeTeHnporpecc B Hccnep,oBaH14H appears to be hope of deciphering a
Mop_onor_4 ne/3,FIHblX HaCTHU, H CKOpOCTH precipitation exponential spectrum by
_4xpocTa nyTeM KOH/],eHcau,vlVlIA taking into account the differences in
Koaryngu,HH.no/3,TBep;_/],eHb_ BblBO,D,I:)IO particle ages. Progress has been made in
,I:iel;ICTB141AMeXaHVi3Ma MynbTHnnHKaU, HIA investigating the morphology of ice
ne_,_Hb_X_aCTIAU,no Xannemy - Moccon,y np_4 particles and their growth rate by
-4 + -8 °C. rip146onee HH3KHXT-pax _o>KeT condensation and coagulation. The
npo[4cxo_mb o6naMbIBaH_eKOHHHKOB conclusions of Hullet-Mossop were
_eH_pIATOB.3aMe,-leHblnoKanbHble confirmed with respect to the effect of an
cKonneH_4_MOnO,O,b_Xne_aHb_X'-IaCTVtU,y ice-particle multiplication mechanism at
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BepXHHXrpaHHU, oOnaKOB.B TeOpHH temperatures from -4 to -8°0. At lower
KoarynP,u,HH s o6naKax pacwvtp_K)TCRpaMKH temperatures, tips of dendrites can be
TeopHH CMonyKOBCKOrO,H OTOserleT, no broken off. Accumulation of young ice
BH,D,HMOMy, K Hcqe3HOBeHHIOnapa,o,oKca particles at cloud tops was observed. The
HeCOXpaHeHH9MaCCbI_H3BeCTHOI'OH3 00nee boundaries of the Smolukovsky theory are
paHHHXpa6oT, a TaK_e, BO3MO)KHO,K expanded in terms of coagulation theory of
OTpHU,aHHK_sbIao_,a 0 _OpMHpOBaHHH clouds; this approach will probably result in
_paKU,HH cynep4acTHU,. ECTb yKa3aHH_ Ha doing away with the paradox of mass
cyuJ,eCTBeHHO60nbwy_o HHTeHCHBHOCTb nonconservation known from earlier papers
Typ6yneHTHO_ Koaryn_u,HH, 4eM and negate the conclusion about the
npe_,cKa3biaaeT TeopH_. Pa3BHTa TeopHg formation of superparticle fractions. There
nepeHoca NaCTHU,oca,QKOB,BblRBHBLUaR are indications of a significantly higher
KBa3HO_HOMepHble,HHC_HHHTHbleH intensity of turbulent coagulation than
U,HKnHNeCKHeTpaeKTOpHH. rlo,o,sepranacb predicted by theory. The theory of
nepecMoTpy TeOpHH_iKOHBeKTHBHOI_ precipitation particle transfer was
,QHCI3_y3HHC yqeTOM npOH3BOnbHoro developed that revealed quasi-one-
OTHOUJeHHRperynRpHbaX CKOpOCTeRU K dimensional infinite and cyclic trajectories.
nynbcaU,HOHHblMV. Ko:)_. _HCI:)(_y3HU,HH The theory of convective diffusion was
3aBHCHTOT perynRpHbiX CKOpOCTe_H reviewed, taking into account the arbitrary
Mo;_eT MeHRTb 3HaK. BO3MO_Hbl RBneHHR relation of regular velocities u to pulsation
aKKyMynRIJ,HH qaCTHI4 (npH L=V). Peu.leHbi velocities v. The diffusion coefficient

NHCneHHblMHMeTO,EIaMHCrlO_Hble depends on regular velocities and can
KHHeTHHeCKHeyp-HH_! KOH,D,eHcaU,HH H change the sign. With u = v, the
KoarynRu,HH. nocTpOeHbl HOBble4HCneHHble accumulation of particles is possible.
Mo_enH 00naKoB c y_leTOM Complicated kinetic equations of
MHKpOCI:)H3HHeCKHXnpou,eccob, condensation and coagulation are solved
O6Cy)K,o,aIOTCRnpo6neMbi CBR3H
MHKpOCI3H3HHeCKHXnpou,eccoB c by numerical methods. New numerical
_HHaMHHeCKHMH,a TaK)Ke CBR3HTHna cloud models are constructed taking into
cneKTpa oCa_KOBC THnOM account the microphysical processes.
oca_.Koo6pa3yK)uJ,ero npou,ecca. Problems of relationship between
PaCCMaTpHBaeTCRponb aHanHTH_IeCKHXH microphysical and dynamic processes are
qHcneHHblXMeTO,O,OB B peuJeHVlHnpo6neM discussed as well as the relationship of the
MHKpOC_H3HKH06naKos. C,[lenaHbi precipitation spectrum type and the
HeKOTOpbleSblBO,O,bl O cospeMeHHOM CTHne precipitation forming process type. The
nybnHKaU,HR. role of analytical and numerical methods in

answering questions about the
microphysics of clouds is considered.
Conclusions are drawn about the style of
publications nowadays.
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CTenaHe_o B._., _oBr'anloKIO.A., Stepanenko,V. D., Yu. A. Dovgalyuk,
OpeH6yprcKa_ E.B., PoxKoa E.B., Ye. V. Orenburgskaya, Ye. V. Rozhkova,
XaRpynnHHa B.R. K Hcnonb3OBaHHIO,QaHHblX and V. Ya. Khairullina. 1987. On the use
pa,QHOnOKaU,HOHHblXHa6nlO,QeHHgl,ling of radar observation data for estimating
OIJ,eHKHo6na4HblX pecypcoB (Ha npHMepe cloud resources (on the example of the
paRoHa J'leHHHrpa,o,a)//Pa_HonoaKau,. Leningrad area). Radar Meteorology:
MeTeopon.: MaTep. MeTO,O,.U,eHTpa no Materials of Methodological Center of
pa,QHOnoKau,.MeTeopon. COU,.CTpaH.n., 1987. Socialist Countries. On Radar Meteorol.
C. 121-129. 1:121-129.

OnHcbIaaeTcR MeTO,CIHKaaHanH3a ,QaHHblX A technique is described for using
Ha3eMHblXH pa,QHOnOKaU,HOHHblX convective cloud surface and radar
Ha6nlo,OeHHgl3a KOHBeKTHBHblMHo6naKaMH observation data to evaluate cloud and

,QnROIJ,eHKH pe_HMa o6naHHOCTH H oca,QKOB precipitation conditions over the expected
Ha,O,pai_OHOMnpe_nonaraeMblX weather modification area. Quantitative
BO3,QeI71CTBHI_I.npHBO,QRTCRKOnH4eCTBeHHble indices of cloud resources (water storage,
oU,eHKH noKa3aTenel_ o6na4HblX pecypcoB number of days with convective clouds,
(Bo,qo3anac, ,.iHcno ,O,Hel_lC KOHBeKTHBHblMH averages of radioecho top height, and
o6naKaMH, cpe_,HHe 3Ha4eHHRBblCOTbl cloud thickness) are given for the
aepxHe_l rpaHHU,bl pa_,Ho3xa, BepTHKanbHa_l Leningrad area.
MOUJ,HOCTb(_rlR pa_oHa FleHHHrpa_a).

TapaM I/LB. Pac4eT KOnH_IeCTBaoca_,KOB, Taran, h V. 1987. The calculation of
CI:)OpMHpylou.I.HXCRB noFpaHH4HOMcnoe precipitation amount formed in the
aTMOCCI:)epI:,IB xono,clHbl_ nepHo,q ro/:la. "Tp. boundary layer in cold season. Proc.
FH,QpOMeTeopon. H.-H. U,eHTpa CCCP", 1987. Hydrometeorol. Cen. U.S.S.R.
N 288, C. 101-105. 288:101-105

rlpoBe£teHa cpaBHHTeni:,HaRoU,eHKa pac4eTa Three methods of computing vertical
KOnH_IeCTBanO,O,blHBepCHOHHblXoca,o,KOBC motions were used to compare the
Hcnonb3OBaHHeMTpex cnoco6oB pac4eTa accuracy of forecasting subinversion
BepTHKanbHblX,QBH)KeHHI,;I.,[],riR precipitation amount. The most accurate
Hccne_.yeMblX cny4aeB HaH6onbuJaR forecast of precipitation amount (81%
onpaB,QbIBaeMocTbpac4eTa KOn-Baoca,o,KOB accuracy) for the cases under
(81%) nony4eHa npH Hcnonb3OBaHHH,QnR consideration was obtained with a method

pac4eTa BepTHKanbHblXCKOpOCTeRcnoco6a, specially developed for the atmospheric
cneu,HanbHo pa3pa6oTaHHOrO _n_! boundary layer. This method's accuracy
norpaHH,-iHoro cnoR aTMoccl:)epbl. B :3TOM was 4-6% higher than that achieved with
cny,_ae onpaB,QblBaeMOCTbnporHo3a KOn-Ba the other two methods of vertical motion
oCa,QKOBHa 4-6% 6onbuJe, _leM npH calculation.
Hcnonb3OBaHHH,QByX_,pyrHx cnoco6oB
pac,-leTa BepTHKanbHblX _BH_eHHIT'I.
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TepeuJ,eHKo14.3.,U.IHaR_MaHB.A. Tereshchenko, I. E. ,and V. A.
',,lcnonb3oBaHHenoneR o6naHHOCTH ,O.nR Shneidman. 1989. The use of cloud fields
OI._eHKHnporHOCTHHeCKHXBepTHKarlbHblX in evaluating and forecasting vertical
,QBH_eHHI_IB HH)KHeRTponoc_epe//Te3. motions in the lower troposphere.
,O,OKn. 3 Bcec. KOH(:I:).no CTaTHCT. Abstracts of Reports of the Third All-Union
HHTepnpeTaU,HH rH_pO_HHaM, nporHo3oB, Conference on Statistical Interpretation of
Hanb'4HK,25-30 CeHT., 1989.M., 1989. Hydrodynamics of Forecasts. Nalchik,
C. 16-17. 25-30 September 1989. pp. 16-17.

npe_no)KeHa MeTOrlHKa pacqeTa A technique for calculating friction and
(:_pHKU,HOHHblXH ynopg_O4eHHblX ordered vertical motions (VM)in the lower
sepTHKanbHblX _BH_eHHR (B,I_) e HH_HeR troposphere is offered that uses the
Tponoc_epe, Hcnonb3y_uJ,aR parameterization of boundary-layer effects.
napaMeTpH3aU,HK:>3@C_eKTOBnorpaHH4Horo Analytical expressions have been obtained
cnoR. I'iony4eHbl aHanHTHHecKHeablpa_eHHR, relating space distribution of tangent;al
CBR3blBalOU.I,He npocTpaHCTBeHHOe turbulent stress components and
pacnpe,D.eneHHeCOCTaBnRIOLIJ,HX geostrophic wind, stratification parameters,
TaHreU,HanbHblX Typ6yneHTHblX HanpR;,KeHHR and baroclinicity and roughness
c pacnpe_,eneHHeM reocTpoc_HHecKoro distribution. Results of computing VM in
BeTpa napaMeTpoB CTpaTHCI::)HKaU,HH, the lower troposphere are given for four
6apOKnHHHOCTHH U.lepOXOBaTOCTH. natural synoptic periods on the basis of
npHBe,O.eHbipe3ynbTaTbi pac4eTOa B,0, B diagnostic and prognostic information. VM
HH_Hel;I Tponocc_epe _,nR 4 eCTeCTBeHHblX fields are compared with cloud fields from
CHHOnTHHeCKHXnepHo,O,OB no surface-based observations and satellite

,o,HarHOCTHHeCKORH nporHOCTHHeCKOR cloud fields. Good agreement is noted
HH_OpMau,HH. BblnonHeHOconocTaBneHHe between areas of ascending frictionnoneR B,0, c nonflMH o6naHHOCTH no ,O,aHHblM
Ha3eMHblXHa6nlO,QeHHRH CHHMKaMC HC3. motions and low-level cloud areas.

OTMe4eHO xopowee coBna,l:leHHeo6nacTeR
BOCXO,I_RIJJ,HX C_3pHKIJ,HOHHblX B.D,c
o6naHHOCTblO HH;_HeI'O _pyca.

I IIII IIII

THTOB I-.A., )Kypaeneea T.6. Titov, G. A., and T. B. Zhuravlyova.
BOCCTaHOBneHHeanb6e_to pa3opBaHHOR 1988. Recovery of broken cloud albedo
o6naHHOCTH rio pe3ynbTaTaM CnyTHHKOBblX from satellite observation data. Earth Res.
Ha6rlIO,O.eHHR //Hccne_. 3eMnH H3 KOCMOCa. Space 6:20-26.
1988. N 6, C. 20-26.

The possibility of reconstructing average
PaccMaTpHBaeTcR BO3MO_HOCTb albedo for broken clouds on the basis of
BOCTaHOBneHHRno pe3ynbTaTaM satellite observation data is considered.
cnyTHHKOBblXHa6nlo,0,eHHI;1cpe,o.Hero The effects of optical and geometrical
anl=,6e_o npH HanHNHHpa3opBaHHOI;I parameters of clouds (cumulus, strata, and
o6naHHOCTH. Hccne,o,yeTcR BnHRHHe those reflecting according to the Lambert
OnTHKO-reOMeTpHHeCKHXnapaMeTpOB Law) on the accuracy of determining
o6naHHOCTH, THna o6naKOB (KyHeBble, average albedo are analyzed.
CROHCTble,oTpa_aiouj, He 11o3aKOHy
J'laM6epTa) Ha TOHHOCTbonpe,o,eneHH_
cpe,o.Her'oanb6e_o.
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TO_HU':KHHaT.A. HK-pa,qHOMeTpH4eCKHe Tochilkina, T. A. 1989. IR-radiometer data
Hccne_OBaHHflnepHCTORo6naHHOCTH// based research of cirrus clouds. Radiation
Pa_Hau,.CBORCTBanepHCTblX06naKOB,M., Propertiesof CirrusClouds. Moscow.
1989.C. 108-112. pp. 108-112

I'lpoee_.eHoOOOOUJ,eHHenonyHeHHb=XB Mae IR-radiometermeasurementsof cirrus
1986 H 1987 r'r'.pesynbTaTOBHsMepeHHRC emissivityfor May 1986-87 are
nOMOUJ,bIOHK-pa_HOMeTpaHsny4aTenbHoR sumr,larized. The highestpercentage of
cnoco6HOCTH nepHcTORo6naHHOCTH, clouds are those with a emissivityof
HaH6onbuJHRnpou,eHTCOCTaBnRK)To6naKac 0.1-0.2, which agrees with the resultsof
HSnyHaTerlbHORcnoco6HOCTbK)0, 1-0,2, HTO other papers No water fractionwas found
cornacyeTcR c ,D,aHHblMH,o,pyr'HXpa6oT, incirruscloudsin whichice storage
BO,O,Ha_I@paKu,HRB nepHCTblXo6naKax He rangesfrom 5-100 g/m2
61:,maO6Hapy)KeHa,ne,o,osanacCOCTaBnReT
OT 5 ,0,O100 r/M'.

Topo_14I-.P., XBOIX)CTbP, HOB B.14. Toroyan, G. R., and V. I. Khvorostyanov.
Mo_enHpOBaHHeoporpacI:)HHeCKHXoSnaKOB 1987. Modellingof orographicclouds
c y4eTOMMHKpOCTpyKTypblKanenbHoRH takinginto accountdropletand crystal
KpHcTanrlHHeCKOR_as. -"Tp. U,eHTp.a3pon, phase microstructure.Proc. Cent. Aerol.
o6ceps.", 1987.N 163, C. 71-92. Obs. 163:71-92.

nocTpoeHa,o,eyMepHaAHecTaU,HOHapHaR A two-dimensional, nonstationarymodel of
MO,O,enb OpoFpacI:)H_teCKHXo6naKOB,B orographiccloudswas developed that
KOTOpORHX MHKpOCTpyKTypa calculates microstructure by solving k!netic
paCCHHTblBaeTcRnyTeM peuJeHHR equationsfor droplet-and crystal-size
KHHeTHHeCKHXyp-HHR ,D,nR cneKTpOB spectra jointly, with equations describing
pasMepOBKanenb H KpHCTannoBCOBMeCTHO flow over a mountain. Two-dimensional
c yp-HHRMH, onHCblBalOU.I,HMH 06TeKaHHe fields of the stream function and vertical
ropHoro penbe(:l:)a.Pacc_HTaHbl,[:tByMepHbae and horizontalvelocitiesof flow over a
non_l_-u,HRTOKa,BepTHKanbHblX H mountain obstacle are calculated.Various
ropH3OHTanbHblX CKOpOCTeRnpH O6TeKaHHH parameterizationsof the obstacle, fieldsof
ropHoro npenRTCTBHR.Hccne_OBaHbl evolutionof water and ice content, crystal
OBORtOU,HRnoneR BO,D,HOCTH, ne,QHOCTH, and droplet concentration are used to
KOHU,eHTpaU,HHKanenb H KpHcTannoB npH investigate initial temperature and
pa3nH_Hb=XnapaMeTpaxnpenRTCTBHR, humidity.It is shownthat the
HaHanbHblXT-pe H Bna_HOCTH.I'loKa3aHO, mesostructureand microstructureof clouds
HTOSOnHOO6pasHbmRxapaKTep O6TeKaHHR a largely depend on the wave-type character
3HaHHTenbHORMepe onpe,o,en_eT Me30- H of flow around an obstacle.
MHKpOCTpyKTypyo6naKOB.
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Topo_t4r.P. o BrlVI_II-II4Hpa3Mepa Toroyan, G. R. 1986. On the effect of
npent_TCTSH_,TeMnepaTypblH Bna)KHOCTHHa obstaclesize, temperature and humidityon
Me30- H MHKpOCTpyKTypyoporpa(:I:)H_eCKHX meso- and microstructureof orographic
o6naKoa//H3B. AH ApMCCP. HayKH0 clouds. Proc,Acad. Sci. Armenia Earth
3eMne. 1986. 39, N4. C. 69.74. Sci. 39(4):69-74

B 6onee paHHHXpa6oTax asTopaH B.H. A numericalmodel of cloud formation in
XBOpOCTbRHOBa(Tp. U,AO, eb=n.169, C. the courseof its flowingover a mountain
105-116HSbm,164, C. 78-86) npe,o,no)KeHa ridgewas suggested inearlier papers by
4HcneHHal;IMo_enb o6naKoo6pa3oaaHHflnpH the authorco-authoredby V. I.
O6TeKaHHHropHoro xpe6Ta. 3,0.eCb3Ta Khvorostyanov(Proc. Cent. Aerol. Obs.
MO_enb Hcnonb3yeTc_l/_nRaHanH3a 169'105-116 and 164:78-86). The model
3aBHCHMOCTHnapaMeTpoaO6.qaHHOCTHOT is used here for analyzingthe dependence
pa3Mepoanpen_ITCTBHRH HeKOTOpbtX of cloud parameters on the obstaclesize
MeTeonapaMeTpoB,B OCHOBHOM aapHaHTe and some meteorologicalparameters. In
T-pa H Bna_HOCTbHa nOBepXHOCTH 3eMnH the basic version, the temperature and
npHHRTbl paaHblMH 230K H 0.65, pa,o,Hyc humidityat the earth surface are assumed
nonyu,HnHH_pa,MO,o,enHpyK)uJ,ero xpe6eT 0.8 to be 23°K and 0.65%, respectively,and
KM. npHBe_eHblnonR CI:)-14HHTOKaH the radius of the semicylindersimulating
sepTHKanbHblXCKOpOCTeR.BO3MyuJ,eHHR the ridge is assumedto be 0.8 km. The
CKOpOCTH HMelOTxapaKTepaOnH.MaKC. stream functionand vertical velocity fieldsaepTVlKanbHaRCKOpOCTbpasHa2.3 M/C Ha
SblCOTe1 KM B2 KM 3a U,eHTpOMropbl. 3a 2 are given.Velocitydisturbanceshave a
H. OBOnlOI.I,HH o6pa3yeTcRcnO)KHa_o6naHHa_ wave-like character. The maximum verticalvelocity at an altitudeof 1 km at a distance
CHCTeMa:cnnowHbieo6naKa nepe_ of 2 km from the mountaincenter is
xpe6TOM, uJanKa Ha,o, HHM_ Barlbl c

2.3 m s_. Over a 2-h period,a complicatednpoMe;_yTKaMH-3a HHM. B 3aBHCHMOCTH OT

HCXO_HOI'O npocl:)Hn_Bna_HOCTHo6pa3yeTc_i cloud system is evolves: continuous clouds
O,O,HoCnO_HaRHnH MHOrOCnORHaR before they flow over the ridge, a cap over
o6na_HOCTb,rlpHseg,eHbl,o,nR 5 aapHaHTOS the ridge, and rollingcloudswith gaps
3a,0,aHHRnapaMeTpoBxapaKTepHble3HaHeHHR between them beyondthe ridge. Single-
cne,o,. BerlHHHH: MaKC.H MHHHM. layeredor multilayeredclouds are formed,
BepTHKanbHbieCKOpOCTH(nop_l_KaM/C), dependingon the initialhumidityprofile.
BpeMRHa4ana KOH.I::IeHcaU,HH (5-105C), Characteristic values for maximum and
KOHU,eHTpau,HH KanenbH KpHcTannoa, minimumverticalvelocities(on the order of
BO,I_HOCTH H ne_HOCTH S o6naKax Sc-Ac c meters per second);condensation
HaBeTpeHHOI;,ICTOpOHbl,B o6na_Hol_wanKe H beginningtime (5 to 105 s); droplet and
no/_seTpeHHblXBanax H B o6naKax cpe,o.Hero crystalconcentration;and water and ice
_lpyca.BocnpoH3se,o,eH cny,.laR3aceBa content in Sc-Ac on the windward side, in
KpHcTannaMHo6naKOBcpe_Hero Rpyca H the cloud cap, in the lee rollingclouds, and
o6naKoB BepxHero. in midlevelcloudsare given for five

versionsof mountainparameterization,A
case of seedingmidlevel and r_igh-level
clouds with crystals is cited.
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I._NKoaa-HnKoea,O,.C.HHcneHH6ae Tsankova-Ilkova, D. S. 1989. Numerical
3KcnepHMeHT6=no nporHo3ynon_ experimentson forecastingcloud field
06na4HOCTH C Hcnon63oaaHHeM using models. Interinst Coil. Res. Pap.
TenecKOnH3HpOBaHHORMO,O,enH//Me)Kay3. LeningradHydrometeorol.Inst. 102:58-63.
06. Hay4. Tp. /J'leHHHrp.i'H,o,poMeTeopon,
HH-T. 1989.N 102. C. 58-63. Resultsare presentedof numerical

experimentson backgroundand
npe,o,cTaaneHblpesyn6TaT6e4HcneHHblX mesoscaleforecastingof cloudfieldsin
_KcnepHMeHTOBno ¢I:)OHOBOMyH which a model based on a set of
MeaoMacU.ITa6HOMynpor'Ho3ynoneR hydrodynamicequationswritten in the P-
o6na4HOCTHC nOMOLLI,610Mo,QenH (M), system of polar stereographic coordinates
OCHOBaHHORHa CHCTeMeyp-HHR is used. Finite-differenceapproximationof
FHg,po,o.HHaMHKH_3anHCaHHORa p-CHCTeMe equationson a gridwith a 300-km
Koop,QHHaT,l::lnRcTepeorpa_H4ecKoR horizontalresolutionand six vertical levels
nonRpHORnpoeKLtHH.,0,nR4HcneHHOR (1000-200 hPa) for initializationof the
peanH3aU,HHM _OHOBOr'OnporHo3a backgroundforecastmodel was usedfor
npHMeHRnac6KOHe4Ho-pa3HOCTHaR initializingthe numericalmodel. The
annpOKCHMaLLHRyp-HHRHa WaXMaTHOR numericalmodel had a 30-kin horizontal
CeTKe,HMelOU.t,eR war"no r'opH3OHTanH300 resolutionand nine vertical levels. The
KM H 6 yposHeRno eepTHKanH(1000-200 systemof time integrationis explicit.The
rna), TenecKonH3HpOBaHHaRM HMenaLuar time stepfor the backgroundforecastwas
30 KM,qOropH3OHTanH H 9 ypoBHeRno 12 rain and for the mesoscale forecast, 1
sepTHKanH(1000-200 rna). CHCTeMa rain. Central differenceswere used for
HHTeI'pHpOBaHHR no epeMeHH RBHaR. UJal" no space discretization.First GARP Global
SpeMeHH_qnR¢I_OHOBOFOnporHo3aCOCTaBnRn
12 MHH.,a _nR Me3OMaCUJTa6Horo- 1 MHH. Experimentdata for May 14, 1979, were
npH ,O,HCKpeTH3aU,HHno npocTpaHCTBy used as initialdata. Numericalexperiments
npHMeHRnHC6U,eHTp.pa3HOCTH.B Ka4ecTae showedthat the numericalcloud
HCXO,QHblX Hcnonb3oaaH61,o,aHHblenJ-3n 3a forecastingscheme makes it possibleto
14.05.79r. 4HCneHHbleOKCnepHMeHT61 more accuratelyforecast space
noKa3anH,4TOnpHMeHeHHe characteristicsof cloudfields (extent,
TenecKonH3HpOBaHHORCXeM61nporHo3a lamination,and amount).
o6naHHOCTHnO3BOnReT6onee TOHHO
nporHO3HpOBaT6npOCTpaHCTBeHHble
xapaKTepHCTHKHo6na4HblXnoneR
(npoT_:eHHOCT6,cnOHCTOCT6,5ann).
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Ty,o.p_ B.,D,.,KlaKHl_ea ¢,H. 0 Tudry, V. D., and F. I. Shakirova 1989.
OTaTHCTHNeCKHX xapaKTepHCTHKaX BblCOTbl On the statistical characteristicsof cloud
sepxHeRrpaHHU,6t06naKos s paznH4HblX top heightsin differentsynopticsystems.
CHHOnTHqeCKHX o66eKTaX //LI, HpKynfllJ,Hfl Circulationof the Atmosphereand Climate
aTMOC_.H KoneeaHHRKnHMaTa.Ka3aH6, Fluctuations.Kazan. pp. 111-116.
1989.C. 111-116.

Statisticalcharacteristicsof cloud top
J_nRpaRoHaCpe,qHeronoaon>_6g height (H=) in different synoptic systems
pacc4HTaH61CTaTHCTH4eCKHe are computedfor the area Sredneye
xapaKTepHCTHKHeblCOTblBepxHeRr'paHH_bl Povolzhye(the Middle Reaches of the
06rlaKoe (H=ro)e pa3H61XCHHOnTHHeCKHX Volga). Two basicgroups of systemsand
oe_eKTaX. Y,o,anoc6 abl,l:lenHT6,o,se their pars were identified,each of whichis
OCHOeHblerpynn_ Oe'beKTOe H HX 4acTe_ characterizedby about the same features
Ka_,o,afl H3 KOTOpblxxapaKTepH3yeTcR of the distributiondensityof Hct.
npHMepHoO_HHaKOBblMHOCO6eHHOCTRMH
nnOTHOCTHpacnpe_eneHH_(H.ro).

IIIIIII ii ii I I i ]

Ty,qpHv'_B.,Q.,CeuJI,eHKOA.A., BenoycoBa Tudry, V. D., A. A. Feshchenko, T. Ya.
T.R., B_e A.H., R=4uKB.C. Beloueova, A. N. Blinov, and
CTaTHCTH4eCKHe xapaKTepHCTHKH V.S. Yatsik. 1989. Statistical
Mop_OMeTpH4eCKHXnapaMeTpoa characteristicsof morphometricparameters
o6na'.IHOCTHe pa3HblXMe3OCTpyKTypHblX of cloudsin variousmeso-structure
06pa3OBaHHRXH OnTHKaaTMOC_. 1989.2, N formations.Opt. Atmos. 2(5):521-526.
5. C. 521-526.

Satellite(METEOR) VIS cloud imagery
rio CHHMKaMO6rlaHHOCTH(O) COcnyTHHKOB was used to calculate the morphometric
CHCTeMbl"MeTeop" e BH,O,HMOM,o,Hana3oHe parameters of varioustypesof
_)neKTpOMar'HHTHOrOcneKTpa pacC4HTaH61 mesostructurecloudsfor differentseasons.
Mopc_OMeTpH4eCKHenapaMeTp61O pa3H61X A one-thresholdidentificationtestwas
THnoBMe3OCTpyKTyp61e pa3rlHt,IHbleCe3OHbl. used to identifyclouds.Three classesof
_/1R H_eHTHC_HKalJ,HH O npHMeHRrlCR clouds with different mesostructureswere
O,qHonoporoBblRKpHTepHRono3HoBaHHR.C identified,taking intoaccount the
y4eTOMB3aHMOCBR3Hpa3MepoaO H relationshipof cloud and clearance
npoCBeTOB(n) B6w.eneH613 Krlacca O c dimensions.Small cloud banks, chains,
pa3HO_Me3ocTpyKTypoR.K nepBOMyKnaccy grains,domes,and open cellswere
OTHeCeHaO THnaMenKHXr'p_,o,,u,eno4eK, classifiedas the first class.Clearance
3epeH,KynonoB,OTKpbIT61XR4eeK.,[],Hana30H change range in thisclass is essentially
H3MeHeHHI_Ipa3Meposn, _)TOMKnacce larger than that of cloud change. In the
Cy_eCTBeHHO 6on6uJe_,Hana30HaH3MeHeHHR secondclass,which includeswide banks
pa3MepoaO. and clustersof cumulonimbusclouds,the

Bo BTOpOMKnacce, COCTORUJ,eM H3KpynHblX areas of cloudcovered portionsaresomewhatsmallerthan those of
uJHpOTrp_p,, cKonneHH_Ky4eBO-_O;_,l:leBO_l clearances. In the third, classwhich
O, pa3Mepbl06na4HblX yHaCTKOB HeCKOrlbKO includes closedcells of cumulonimbus
MeHbuJen.B TpeTbeM Knacce, BKrlK:>HaK)LU,eM

cloudsand fragments of cloudmacrostrips,3aKpblTbleRHeRKHCrlOHCTOKyHeBoRO H
_par'MeHT61MaKpononocO, pa3Mepbl cloud coveredareas are much larger thanclearances. In the latter case there is a
Oerla¢;HblX yHaCTKOB HaMHOrO npeBbU.UaK:)T linear dependence of clearance size on the
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pasMep6a17.B OTOMcny,4ae cloudsize. It is shownthat the distribution
npocne)KHBaeTcRnp_lMa_nHHe_Ha_l of cloudand clearance sizes in various
3aBHCHMOCT6 pasMepa n OT pasMepa O. typesof mesostructureformationis close
ROKaSaHO,4TOpacnpe_eneHHepasMepOaO to an i-type distribution(whichcorresponds
H n s pasH6aXTHnax MeSocTpyKTypH61X to gamma distributionwith the variation
06pasoeaHH_6nHSKOK /-o6paSHOMy coefficienthigher than 1).
pacnpe_,eneHHtO(COOTBeTCTByeT
raMMa-pacnpe,o,eneHHtOnpH KO3CI:),BapHaU,HH
6on6uJe1).

Alll I II -- /I

Ty,l:lpHRB.,0,.O KnHMaTH4eCKORMo,o,enH Tudry, V. D. 1988. On the regionalclimatic
o6na4HOCTHpeFHOHOBnpHMeHHTenbHOK model of cloudsas applied to problemsof
sa/_a4aM:)KCnnyaTaU,HHOrlTHKO- operatingopto-electronicsystems.Atmos.
OneKTpOHHblX CHCTeM. //OnTHKa aTMOCCI:). Opt. 1(9):87-89.
1988.1, N 9, C. 87-89.

The structureof a synoptic-climaticmodel
npHee,o,eHa CTpyKTypaCHHOnTHKO- of cloudsis given. It is a comprehensive
KnHMaTHHeCKORMO,O,enH o6naHHOCTH, cloud model created from data on synoptic
OCHOBHOiT'I npHHU,Hn COCTOHT B CO3,1::IaHHH objectsat differentstages of their
nonHo_MO,O,erlH o6naHHOCTH CHHOnTHHeCKHX development in a region.
o66eKTOBB ,O,aHHOMperHoHeB pa3nHHHblX
CTa,QHRXpa3BHTHR.

IIIII I I II

BacHr_es, B.A., IO.J'l.MaTaeee. 0 BpeMeHHOR Vasiliev, V. A., and Yu. L. Matveyev.
cTpyKType soHan6Horonon_lo6naHHOCTH. 1984. On the time structure of the zonal
Tpy_,611"l-O, 1984.s6in. 485, C. 135-145. cloudinessfield. Proc. Main Geophys. Obs.

485:135-145.

PacCMaTpHBalOTCR Bonpoc61 CTaTHCTH-
4eCKORCTpyKTyp61KpynHOMaCUJTa6HblX The statisticalstructureof large-scale
o6rla4HblXnoneR.MaTepHanaMH,o,nR cloud fields is considered. Satellite data of
HCCne,o,OBaHHRnocny)KHnH _aHHble 06 the METEOR serieswere used as a basis
06na_lHOMnOKpOee,nony4eHH61eco for the cloudcover study. Correlation
cnyTHHKOB CepHH "MeTeop". B KaHeCTBe functions and two-dimensional diagramsof
OCHOBHblX xapaKTepHCTHKBpeMeHHO_ cloudfieldsas a functionof time are used
CTaTHCTH4eCKORcTpyKTyp6iHcnonb3ylOTCR as basiccharacteristicsof statisticaltime
Koppengu,HOHH61eCI:)yHKU,HH H ,o,ayMepHble structure. The specificfeatures of
nepHo.o.orpaMM60o6na4H6aXnoneR.B pa60Te cloudinesstime structureas a functionof
Hccne,o,osaH6iOco6eHHOCTH xapaKTepHCTHK latitude are also studied.The contribution
speMeHHORCTpyKTyp6=o6na4HOCTHe of time variationsof variousscalesto the
3aBHCHMOCTHOT reorpacl:)H4eCKORUJHpOTbl. total variance of the cloud field is
Onpe,l:lenReTCRBKna_ BpeMeHHblX determined.
Kone6aHHRpa3nH4HOrOMaCLUTaeaB O6UJ,ylo
,O,HcnepcHIOnonRo6na4HOCTH.
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BO/'IKOBI41.LKI4171O.A., i'laBrlOBa J'LH., FieTpytuHH Volkovitsky, O. A., L. N. Pavlova, and A.
A.F. ORTHHeCKHe CBORCTBa G. Petrushin. 1984. Optical propertiesof
KpHCTanrlH4eCKHX o6rlaKOB, ice crystal clouds. Gidrometeoizdat. 198 p.
F'H,D,pOMeTeOH3,O,aT 1984. 198 C. (illustrated).

KHHraCO,o.ep>KHTcne,o.yK)Lu,He rnaBbl: 1. The book contains the following chapters:
KpHcTannH4ecKHeH CMeUJaHHbleo6naKa; (1) Ice crystal and mixed clouds;(2) Light
2. Paccei_HHeCBeTa4aCTHU,aMH diffusionby non-sphericalparticles; (3)
Hec_epH4eCKOR_OpMbl; 3. OnTH4ecKHe Opticalcharacteristicsof elementary
xapaKTepHCTHKH_neMeHTapHoroo6_,eMa;4. volume;and (4) Radiation propagationin
PacnpocTpaHeHHeH3ny4eHHRB an ice crystal cloud.
KpHCTannH4eCKOMo6rlaKe.

BonocK)KA.H., 3HH4eHKOA.B. npHMeHeHHe Volosyuk, A. I., and A. V. Zinchenko.
MeTOD.OBnrlaHHpOBaHHR 4HCrleHHblX 1989. Applicationof numerical experiment
3KcnepHMeHTOBnpHnOCTpOeHHH design methodsto constructingthe
3aBHCHMOCTH HHTeHCHBHOCTH O6rlON(HblX dependence of widespread precipitationon
oca,o,KOBOT napaMeTpOBo6na4HOCTH//Tp. cloud parameters. Proc. Main Geophys.
I-rl. reo(:l:)H3,o6cepB. 1989.525. C. 97-103. Obs. 525:97-103.

Ha OCHOBe 4HcneHHblX OKcnepHMeHTOB C The quasi-empirical dependencies
MO_,enbK)oca_,KOO6pa3OBaHHRnOCTpOeHbl between precipitationintensityand
KBa3H3MnHpHHeCKHe 3aBHCHMOCTHMe>K,O,y cloudinesscharacteristicsare constructed
HHTeHCHBHOCTblO oca,D,KOBH on the basis of numerical experimentswith
xapaKTepHCTHKaMH O6rlaHHOCTH. the cloud formation model. An optimum
3KcnepHMeHTblnpoBo_HnHCbno scheme compiledin accordance with the
OnTHMarlbHOR cxeMe, COCTaBneHHOR B experiment design theory was used to
COOTBeTCTBHH C TeopHeRnnaHHpOBaHH_I stage the experiments.The dependencies
8KcnepHMeHTa.3aBHCHMOCTHHMelOTc_opMy have the form of polynomialsof powersof
nOrlHHOMOB OT cTeneHeR BerlHHHH,

Bbl6paHHblXB Ka4ecTBeonpe_,en_ouJ,HX values chosenas determiningfactors.A
_aKTOpOB.B pacCMaTpHBaeMOMnpHMepeB minimumset of parameters of a cloudy
Ka4eCTBe_aKTOpOBHcnonb3oBancfl atmosphere (surface temperature, average
MHHHManbHblRHa6op napaMeTpoBo6na4HoR water content of the cloud, and vertical

cloudthickness)were used as such factorsaTMOC_epbl:T-pa y 3eMHORnoBepXHOCTH,
cpeg.HggBO,Q.HOCTbo6naKa, aepTHKanbHa_ inthe example under consideration.
MOUJ.HOCTbo6rlaKa.
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Bonow,yK B.M.,Ce.[lyHoeIO.C.O HeKOTOpblx Voloshchuk, V. M., and Yu. S. Sedunov.
npo6neMax MHKpO(:I:)H3HKHaTMOC_epHbaX 1986. On some problems of microphysics
o6naKOB. "Bonp._H3. o6naKOB". J'l., 1986. of atmospheric clouds. Problems of Cloud
C. 16-25. Physics. Leningrad. pp. 16-25.

npHBe_eH KpaTKH_ o63oppe3ynbTaTOB Results of atmospheric cloud mJcrophysics
MHKpOCI:)H3HHeCKHXHccne£1OBaHH_ research organized by L. M. Levin and
aTMOC_epHblX o6naKOB, nocTasneHHblX B carried with his active participation at the
HH-Te _)KcnepHMeHTanbHORMeTeoponorHH Institute of Experimental Meteorology are
J'I.M.neBHHblMH npoBe,l:leHHblXnpH ero briefly reviewed. Basic points of stochastic
Henocpe_,CTBeHHOMy_IaCTHH,no/:lpo6HO condensation theory in turbulent
aHanH3HpylOTCROCHOBHblenono_eHHR atmosphere are analyzed in detail.
TeOpHH CTOXaCTHHeCKORKOH_,eHCalJ,HH B
Typ6yneHTHOI;I aTMOCCl:)epe.

Bopo6bea B.H.Ou,eHKa BKna_a CnOHCTOR Vorobyov, V. I. 1989. Estimating the
o6na4HOCTVlB cpe_Hee KOnH4eCTBOO6uJ,eR contribution of stratus clouds to the
o6naqHOCTH Ha/_ ceBepHblM nonyuJapHeM// average total cloud amount over the
Me)KBy3. C6. HayLIH.Tp. / J'IeHHHFp. Northern Hemisphere. Interinst. Coll. Res,
rH_poMeTeopon. HH-T. 1989.N 102. Pap. Leningrad Hydrometeorol. Inst.
C. 131-140. 102:131-140.

H3yHaeTcR BKna_ (B npou,eHTaX) CnOHCTOgl The contribution (in percent) of stratus (St)
o6naHHOCTH (CO) B cpe,o,Hee KOnHHeCTBO to the average total cloud amount (ATCA)
o6uJ.eRo6naHHOCTH (CKOO) no ce3OHaM, by seasons is studied. The research is
HccneD,oBaHHe npoBe,o,eHo no ,QaHHblMKapT carried out based on the Northern

He(:l:)aHanH3aceB. nonyLuapHA (0-700 C.UJ.)3a Hemisphere (0-70°N) nephanalysis maps
1967-1971 rr. I"1o,o.CO nOHHMalOTCRo6naKa, for 1967-71. Clouds basically occurring as
BO3HHKalOLU,He npeHMyUJ,eCTBeHHOB a result of vertical turbulent water vapor
pe3ynbTaTe BepTHKanbHoro Typ6yneHTHOrO transfer and its condensation are referred

nepeHoca SO,O._HOrOnapa Hero to as St. On nephanalysis maps, such
KOH,O,eHcaiJ,HH. Ha KapTax Hecl:)aHanH3aTaKHe clouds are commonly defined as stratiform
o6naKa onpe_ten_lK)TCRKaK or cirriform, which also covers their
cnovlCTOO6pa3HbleHnH nepHcToo6pa3Hbae, B combination with cumuliform. Two
T.H. cOHeTaHHe3THX o6naKOB C branches of interseasonal increase in the

KyHeBoo6pa3HblMH.B I'O,QOBOMXO,l:teHa,l::l percentage of St in ATCA and two
OKeaHOMBblRBneHbl2 BeTBH Me:>KCe3OHHble branches of decrease were revealed in the
yBenH4eHHRH 2 BeTKH yMeHbUJeHHi_BKnag,a annual variations over the ocean. The area
CO s CKOO. nnouJ,a_,b o6nacTH yBerlHqeHHfl of St contribution increase is maximum
BKna_a CO MaKCHManbHa 3HMOI_I(30% BceR (30% of the area) in winter and minimum
nnouJ,a_,H) H MHHHManbHa B nepexo/:lHbae (8-9%) in transitional seasons. The
ce3oHba (8-9%). Ce3OHHble nonR sKna_a CO

seasonal fields of St contribution to ATCA

B CKOO HMelOT _OBOnbHOBblCOKylOcTeneHb have rather a high degree of similarity.aHanOrHHHOCTH.HaH6onee CXO)KHMHno
Transitional period fields are most similar

cTpyKType RBnRIOTCRnonR nepexo_,Ht,lx
ce3OHOB, with respect to their structure.
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Bopo6bea B.H. Me)Kce3OHHa_!H3MeHqHBOCTb Vorobyov, V. I. 1985. Interseasonal
3oHanbHblXxapaKTepHCTHKo6uJ,eR variabilityof the NorthernHemisphere total
o6na4HOCTHcesepHoro nonywapH_no cloud amountzonal characteristics(from
,O,aHHblMMe1eoponorH4ecKHxHC3). satellitemeteorologicaldata). Interinst.
"Me)Kay3.C6. Hay4. Tp. J'leHVIHrp. Coll. Res. Pap. Leningrad Hydrometeorol.
rH_poMeTeopon. HH-T", 1985.N 90, Inst,90:18-24.
C. 18-24.

The interseasonalvariabilityof the
Ha OCHOSeaHanH3aocpe_HeHHblX no Northern Hemispherecloud cover is
,o,ec_THrpa,l::lyCHbIMuJHpOTHbIM3OHaM analyzed on the basisof analyzing mean
_aHHblXOcpe_HeM KOrI-Beo6uJ,eR total cloud amount data averaged over 10°
oena'.IHOCTHH nOBTOp_ieMOCTHTpex ee latitudezones and the frequencyof
paaHosenHKHXrpa_,au,HRaHanH3HpyeTc_l occurrenceof cloudtypes. Data are given
Me_ce3OHHa_ H3MeHHHBOCTb oena_Horo on the areas occupied by positive
noKpOBacee.nonywapHR,npHBe,O,eHbi_aHHble interseasonalvariationsof the mean total
o pa3Mepax nnoLu,a,o,e_t,3aHRTblX cloud amount in differentlatitudinalzones.
norlO_HTerlbHblMH Me_ce3OHHblMH

H3MeHeHHRMH cpe,o,Her'o KOn-Ba O61.LI,eR
O6rlaHHOCTH B pa3rlHqHblX WHpOTHblX 3OHaX.

Bopo6belB B.I/L Ce3OHHble Oco6eHHOCTH Vorobyov, V. I. 1985. Seasonal
pacnpe,o,eneHHRo6naKos pa3nH'4HblX_OpM B characteristicsof cloudtype distributionin
ceBepHOMnorlywapHHno cnyTHHKOBbIM the Northern Hemisphereon the basis of
.O,aHHblM.Hccne,o..B3aHMO,I::Iel;ICTBHRMe30- H satellitedata. Investigationof Meso- and
MaKpOMaCWTa6.npou,eccoBa aTMOC_. H MacroscaleProcesses inthe Atmosphere
npHMeHeHHeCTaT. MeTO,O,OBBMeTpOrl.Tp. and Applicationof StatisticalMethods in
Bcec. CHMn.,AnMa-ATa, 20-23 OKT.1981r'. Meteorology.Proc. of the All-Union Syrup.,
M., 1985. 95-103. Alma-Ata, 20-23 October 1981. Moscow.

pp.95-103.
PacCMaTpHBalOTCfl Ce3OHHble

xapaKTepHCTHKHpacnpe,o,eneHHR Seasonal characteristicsof the convective
KOHBeKTHBHblXH HeKOHBeKTHBHblXoenaKOB and nonconvectivecloud distributionin
3HMO_H neTOMS ceaepHOMnonywapHH, summerand winter in the Northern
npHBO_IRTCRpe3ynbTaTbiCpaBHeHHR Hemisphereare considered.The resultsof
cpe,o,Hero no LUHpOTHblM 3OHaMKonHHeCTBa comparingzonallyaveraged cloud amount
o6naKOB no CnyTHHKOBblMH Ha3eMHblM over differentlatitudinalzones on the basis
,O.aHHblM,a TaK_e pe3ynbTaTbl3OHanbHOrO of space-basedand surface-baseddata
rapMoHH,4ecKoroaHanH3ace3OHHblX are given, as well as resultsof zonal
pacnpe_eneHHRcpe,o,Hero KonH4eCTBa
06uJ,e_ o6rlaHHOCTH H nOBTOpReMOCTH harmonic analysisof seasonal distributions
KOHBeKTHBHblXH HeKOHBeKTHBHblXo6naKOB, of the average total cloud amountand the

frequency of occurrence of convectiveand
nonconvectiveclouds.
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K. Bopobbee B.H., (ba,o,eee B.C. Vorobyov, V. I., and V. S. Fadeyev. 1981.
XapaKTepHCTHKH o6na4Hor'o noKpOBa Characteristics of the Northern
cesepHor'o nonyLuapHRno ,D,3HHblM Hemisphere cloud cover from
MeTeoponoFHHeCKHX cnyTHHKOB., meteorological satellite data. Leningrad.
FH,o,pOMeTeoH3_aT, 1981. 172 C. Gidrometeoizdat. 172 pp.

B MOHOFpa_HH npe,o,CTaBneHblpe3ynbTaTbl Results of studying the cloud pattern over
Hccne,o,OBaHHRpe_HMa o6naHHOCTH Had CeB. the Northern Hemisphere (with the
nonyLuapHeM (3a HCKniO4eHHeMnpHnon_pHoR exception of subpolar region) obtained on
o6nacTH) Ha OCHOSeHcnonb3OBaHH'_KapT the basis of nephanalysis maps for 5 years
He_aHanH3a 3a 5-neTHHR nepHo_, are presented in the monograph. Results
PacCMOTpeHbl pacnpe_,eneHHR cpe_lHero include: the distribution of average cloud
Kon-Ba H nOBTOpReMOCTHo6uJ,eR amount; the frequency of occurrence of
o6naHHOCTH,nOBTOpfleMOCTHTpex three gradations of the total cloud amount,
rpa_,au,HR O6Lu,ero KOfl-Ba o6naKOB, and average amount and recurrence of
cpe_Hero KOn-Ba H nOBTOpReMOCTH5 rpynn five groups of different cloud genera and
(:I:)OpMO6flaKOB H RCHOFOHe6a npH OCHOBHblX clear sky. Results are presented in relation
THnax U,HpKynRU,HH aTMOCC_epblCeB. to the main types of the Northern
nonywapHR no BaHreHreRMy-r'Hpcy. Bce Hemisphere atmospheric circulation
pe3ynbTaTbl npep,cTaBneHbl S BH,D,eKapT H according to Vangengeim-Girs. All the
Ta6nHLI,. Pa6oTa CO,o,ep;_HT 063op results are represented in the form of
CoBpeMeHHOrOCOCTORHHRHCCfle_OBaHHI;t maps and tables. The book contains a
npocTpaHCTBeHHOrOpacnpe/_,eneHHR review of the state of the art of research in
o6naHHOCTH. Ha OCHOBenony_eHHblX HOBblX cloud distribution. On the basis of new
_aHHblX pacCMaTpHBalOTCRHeKOTOpble data obtained some applied problems are
npHKna,o,Hble BOnpOCbl,TaKHe KaK considered, such as the possibility of joint
BO3MO)KHOCTbCOBMeCTHOFOHcnonb3OBaHHR use of satellite and land-based
cnyTHHKOBblXH Ha3eMHblX,O,aHHblX06 observations and approximation of cloud
o6naHHOCTH, annpoKCHMaU,HH amount distribution.
pacnpe,o,eneHHR 6anna o6naKoB H .o,pyroe.

Bynbcl_cOHA.H. O ,D,OCTaTOHHblXyCnOBHRX Woolfson, A. N. 1988. On the sufficiency
yCTO_HHBOCTHCnOHCTORo6naHHOCTHno conditions of strata stability with respect to
OTHOUJeHHIOK BO3MyuJ,eHHRMKOHeHHOR finite amplitude disturbances. Proc.
aMnnHTy_bl //Tp. r'H_poMeTeopon. H.-H. Hydrometeorol. Sci. Res. Cent. U.S.S.R.
U,eHTpa COOP. 1988. N 298. C. 97-110. 298:97-110.

Ha OCHOBeMeTO_OB HenHHel;1HO_ Conditions for convective cloud formation

FH/3,po,o,HHaMHHeCKOI_ITeopHH yCTOI_HHBOCTH within stratiform clouds are considered on
pacCMaTpHBaeTcR sonpoc 06 yCnOBHRX the basis of methods used in the nonlinear
BO3riHKHOBeHHRKOHBeKTHBHOI;to6naHHOCTH hydrodynamical stability theory. The
BHyTpH o6naKoe cnOHCTblX (:l:)OpM. mathematical solution of the problem is
MaTeMaTHHeCKOe peuJeHHe 3a,o,aHH based on the analogy between the
6a3HpyeTcR Ha aHanorHH Me;_y RBneHHeM phenomenon of "sunk" convection and the
3aTonngHHOi;Io6naHHOR KOHBeKIJ,HH H classical convection in the fluid layer that
KnaccHHeCKORKOHBeKU, Hel;1 B cnoe is heated from below. Necessary and
)KH,D,KOCTH,no,o,orpesaeMo_ CHH3y. B sufficient conditions for sunk convection

TepMHHaX KpHTH_ecKoro HHcna P_)ne_ occurrence and of convective cloud system
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c(:l:)OpMynHpOBaHbiHeO6XO,O,HMble H dissipation are formulated in terms of the
,O,OCTaTOHHbleycnoaH_ BO3HHKHOBeHHR critical Rayleigh number. It is shown that
3aTonneHHOR KOHBeKIJ.HH, a TaK)Ke strata of small vertical thickness (to 1000
npHBe,O,eHbl ,ClOCTaTO4HbIeyCnOBHR m) are globally stable with respect to
BO3HHKHOBeHHR 3aTonneHHOl;l KOHBeKU, HH, a arbitrary fiJ ite-amplitude disturbances.
TaK)Ke npHBe,O,eHbi _OCTaTO_Hble yCnOBH_ Hence, sunk convection in them is not
,O,HCCHnalJ,HH CHCTeMbl KOHBeKTHBHblX possible in principle. It is to be expected
o6naKOB, rloKa3aHo, 4TO CnOHCTbleo6naKa that strata modification will not be highly
Manor BepTHKanbHO_ MOUJ,HOCTH(,D,O 1000M) efficient under conditions of global stability.
rno6anbHO yCTOI,TINHBblno OTHOUJeHHIOK
npOH3BOrlbHblM,KOHeNHblMaMnnHTy,D.HblM
BO3MyuJ,eHHRM,Hpcne,o,OBaTenbHo_
3aTonneHHaA KOHBeKLI,HR B HHXB npHHU,Hne
HeBO3MO_Ha. Cne,o.yeT O_H,Q,aTb TaK)Ke, NTO
B yCnOBHRXrno6anbHOl;l yCTO_NHBOCTH
HCKyCCTBeHHOeBO3,1::Iel;ICTBHeHa CnOHCTble
06naKa OKa_eTCR Mano 3(:_"_eKTHBHblM.

Byr_(_,OH A.ELHHcneHHaR MO,o,enl=, Woolfson, A. N. 1982. A numerical model
pa3BHTI4R6e3,1::lo_,o,eBoro KOHBeKTHBHOr'O of non-precipitating convective cloud
o6naKa. "Tp. I-H,o,poMeoTeopon. H.-H. U,eHTpa development. Proc. Hydrometeorol. Sci.
CCCP", 1982. N 249, 50-61. Res. Cent. U.S.S.R. 249:50-61.

KpaTKO H3no)KeH anropHTM HHcneHHOrO An algorithm is briefly described for the
peweHH_ nnocKHx yp-HHR rny6oKo_ numerical solution of the deep-convection
KOHBeKIJ,HH, BKnlOHalOUJ,HX (:l)a3OBble one-dimensional equation involving water
nepexo_bl SoRblt C nOMOLU,blO ,O,HBepreHTHOR phase transitions using the Lacks-Bendroff
KOHeNHo-pa3HOCTHOIT,I CXeMbl divergence finite-difference scheme. A
J'laKca-E)eH_po_c_a. rlpHBe,O,eHO onHcaHHe numerical experiment is described that
NHcneHHOr'O {)KcnepHMeHTa_ models the development, mature, and
Mo_enHpyK)uJ,ero pa3BHTHe, 3penyto _a3y H decay stages of a nonprecipitating
pacna,o, 6es,qO,)K,CleBoroKOHBeKTHBHOrO convective cloud. It is shown that, even
06naKa. noKa3aHo, H ,-ITOBOBpeMR _a3bl during the cloud development stage, the
pa3BHTHRo6naKa ero BepTHKanbHbi_ vertical impulse remained positive,
HMnynbc ocTaeanc_l nonO>KHTenbHbiM, condensation energy monotonically
_)HeprHRKOH,D,eHcaU,HH MOHOTOHHOy6biBana, decreased, and the relationship of the
a OTHOUJeHHennoLu,a,o.Ho6naKa K nnouJ,a_H cloud area to the area of dry downgoing
HHCXO,DRLu,ero cyxoro BO3,O.yxaMOHOTOHHO
Bo3pacTano. Bo BpeMR (:l:)a3blpacna_a air monotonically decreased. During the

cloud decay phase, its net vertical impulse
o6naKa ero cpe,o,HHl_BepTHKanbHl:,i_ remained negative, the condensation
HMnynbc OCTaBancR OTpHU,aTenbHe,i,,4, energy monotonically increased and the
3HeprHR KOH,QeHCalJ,HH MOHOTOHHO
Bo3pacTana, a OTHOUJeHHennouj,aAH 06naKa relation of the cloud area to the area of
K nnoLu,a_,H HHCXOAgLu,ero cyxoro BO3,Qyxa downgoing dry air monotonically
MOHOTOHHOy6bIBano. @a3a 3penoro decreased. The mature cloud phase rather
pa3BHTHR06naKa c /3,OCTaTO_IHOR accurately corresponds to the cloud zero

net vertical impulse, to the minimum ofTONHOCTbtOCOOTBeTCTByeTHyneBoMy
cpe,o,HeMy BepTHKanI:,HOMyHMnynbcy condensation energy, and to the maximum

76



o6naKa, MHHHMyMy :)HeprHH KOH_eHcaU,HH H of the relation of the cloud area to the area
MaKcHMyMy OTHOMJeHHRnnou.l,a,i::lHo6naKa K of descending dry air.
nnouJ,a,o.HHHCXO_RUJ,ero cyxoro so3.o,yxa.

II IIII II III

Byr__N A.H. 3HepreTH4eCKHR MeTO_ H Woolfson, A. N. 1981. Energy method
ero npHMeHeHHe K yCrlOBHRMpa3BHTHR and its application to the conditions of the
KOHBeKTHBHO_O6rtaHHOCTH."Tp. development of convective clouds. Proc.
r'H_pOMeTeopon. H. -H. u,eHTpa CCCP", 1981. Hydrometeorol. Sci. Res. Cent. U.S.S.R.
N 238, C. 49-63. 238:49-63

Hcnonb3OBaH MO,B.HCI::)HU,HpOBaHHbI_ The modified energy method is used
3HepreTH4eCKHR MeTO_, pa3BHTblRB (developed by Richardson, Prandtl, and
pa6oTax PH4ap_,coHa, npaH_Tn_l H Taylor), in which turbulent heat and
TeRnopa,B KOTOpOMTyp6yneHTHbae nOTOKH momentum fluxes are expressed with the
Tenna H HMnynbca ebtpa)KatOTC_C nOMOLU,blO help of the semi-empirical turbulence
nony3MnHpH4eCKORTeOpHH theory. When convective clouds develop in
Typ6yneHTHOCTH. B cny4ae, KorD,a a motionless saturated layer of ideal
KOHBeKTHBHaRo6rlaHHOCTbpa3BHBaeTCRB atmosphere enclosed in hard walls, pulse
Heno,Q,BH_HOM, HaCblUJ,eHHOMcnoe motion kinetic energy increases only when
H_eanbHOR aTMOCCl:)epb6 orpaHH4eHHOM the cloud air temperature is higher than
TBep_blMH CTeHKaMH, KHHeTHHeCKaR that of the surrounding air. For the problem
:)HeprH_ nynbcau,HOHHOrO,O,BH)KeHHR under consideration, the energy method is
Bo3pacTaeT Torg,a H TOnbKOTorg,a, Korg.a shown to be equivalent to the slice
T-pa o6na4Horo BO3_yxa BblLUe,4eM T-pa
ero OKpy)KeHH_I.TeM CaMblM ,O.nR,D.aHHOI_I method. The energy method, unlike theslice method, leads one to conclude that
3a/::::la4HnoKa3aHa :)KBHBaneHTHOCTb
3HepreTHHecKoro MeTO,l:].aH MeTOg.a cnoR. B energy dissipation, permanent wind shear,

and large-scale divergence inhibit the
OTnHHHe OT MeTO.O,acnoR 3HepreTHHeCKHR
MeTO,I::InO3BOrlReT3aKrliOHHTb,4TO development of convective clouds.

,D.HccHnaUiHR{)HepFHH,nOCTORHHblRC,O,BHr
BeTpa H KpynHOMaCUJTa6HaR_HBepFeHU,HR
OKa3blBalOTno_aBnRK)uJ,ee BO3,0.eRCTBHeHa
pa3BHTHe KOHBeKTHBHOI;Io6naHHOCTH.
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Eropos 6.H., 14BaHoaa14.H.Hccne_oaaHHe Yegorov, B. N., and I. I. Ivanova. 1986.
CTaTHCTHHeCKHXxapaKTepHCTHK Investigating statistical characteristics of
O6rlaHHOCTHno ,O,aHHblMcy,13,0Bnoro,o,bl e clouds from the North Atlantic Ocean
CesepHo_ ATnaHTHKe. "Tp. rn. r'eocl:)H3. Weather Station data. Proc. Main
o6cepB." 1986. N 488, C. 51-58. Geophys. Obs. 488:51-58.

rio ,O,aHHbaM5 ¢TaU,HOHapHblXcy_oB noro_bl Monthly averages of the total and low
e CeB.ATnaHTHKe 3a nepHo_ c 1953 no 1982 cloud amounts were obtained on the basis
r. nony_eHbl cpe_,HHe MecR'-IHble3Ha4eHHR of data for five North Atlantic Ocean
o6uJ,ero Kon-aa o6naKoB H o6naKOB HH)KHero weather stations for the period 1953-1982.
_lpyca. PaCCMOTpeHaHX BpeMeHHa_I, Their time, space, and interannual
npoCTpaHCTBeHHaRH Me)K/:Iyro,QoBaR variability is considered. The relationship
H3MeHNHBOCTb.Hccne_oBaHo COOTHOUJeHHe between the total cloud amount and the
Me)K,D,yO6UJ,HM KorI-BOMO6rlaKOBH KOrI-BOM lOWcloud amount is considered. An
o6naKoB HH;_HeFORpyca. ,[],aHa estimate of the space autocorrelation
npH6nH)KeHHaRou,eHKa npoCTpaHCTBeHHO_ function of monthly mean cloud amount
aeTOKOppen_lU, HOHHOl_ CI::)-I.LHHcpe,o,HHX over the North Atlantic is given.
MeCRNHblX3HaNeHHI,TIKOrI-Bao6rlaKOB Ha,13.

aKsaTopHel;I CeB.ATnaHTHKH.

_ I I __ I I

3adonou_a_l T J-L, Kpo,4aK C.A., Py.o,bKO Zabolotskaya, T. N., S. A. Krochak, and
IO.C. BO,QHOCTbH _a3oBo(.' COCTORHHe Yu. S. Rudko. 1987. Water content and
o6naKoB pa3nH_lHblX(:I:)OpM.- "Tp. YKp. phase state of different cloud types. Proc.
perHOH.HHHr'OCKOMrH,QpoMe;'a", 1987. Ukrainian Region. Sci. Res. Inst.
N 221 C. 50-58. Goskomgidromet. 221:50-58

Ha OCHOBaHHHcaMoneTHoro 3OH,I_HpOBaHHR Data from clouds of differing water content
O6rla4HOCTHHa ceTeBblX nyHKTaX YKpaHHbl and phase states were obtained from
3a 1950-1964 rr. H Hccne,QOBaTerlbCKHX aircraft soundings over the Ukrainian

noneTOB 3Mrl YKpHHH 3'_ 1960-1982 rr. station network over the period 1950-64
nony4eHbl ,ElaHHbleO BO,O,HOCTHH CI:)a3OBOM and over the Experimental Meteorological
COCTORHHH 06naKOB pa3nHHHbaX_OpM. Site of the Ukrainian Hydrometeorological
Pe3ynl:,TaTbl npe_cTaBneHbl s 3aBHCHMOCTH Scientific Research Institute from 1960-82
OT T-pbl, TonUJ,HHbl 06naKa, ce30Ha ro_,a. The results are presented for various

temperatures, cloud thicknesses, and
seasons.
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)KenHHH A.A. O ,qeTepMHHHpOBaHHOCTH Zhelnin, A. A. 1989. On the determination
rny6oKoQ KOHBeKU,HH B aTMoccl:)epe// of deep convection in the atmosphere.
AKTHB. Bo3_e_CTBHe Ha aTMOC(:I:),npou,eccbl Modification of Atmospheric Processes in
B Mon.O,aBHH. - KHUJHHeB,1989. C. 87-95. Moldavia. Kishinev. pp. 87-95.

O6Hapy)KeHO, _TO pa3nH,4HbmBt4_i=,l It was found that different types of
KOHBeKU,HH B aTMoc_epe: XaOTH'_ecKa_ H convection in the atmosphere, such as
peryn_pHaR, MenKaR H rny6oKa_ - _TO chaotic and regular and shallow and deep,
O6bl4HOnpo_BneHH_ peryn_pHo_ are usually a manifestation of regular
Me3oMacU.ITa6HOI;tR_eI_KOBOI_IKOHBeK_HH, mesoscale cellular convection that is
Ha6nK_.o,aeMo_ B HHCTOMBH,D,eB none observed in the cloud field over the ocean.

o6naHHOCTHHa,O,oKeaHaMH. FIOCKOnbKy Because cumulonimbus clouds, as a
KyHeBO-,O,O;_,eBbleo6naKa, KaK npoi_BneHHe manifestation of deep convection, are
r'ny6oKoR KOHBeKLI,HH, o6pa3yK)TCg e 3OHaX formed in areas of mesoscale open-cell
BOCXO,EI,RUJ,HX ,D,BH)KeHHI;10TKpblTblX ascending motions, there is a possibility of
Me3oMaCUJTa6HblX RHeeK, MO_HO rOBOpHTb O deterministic forecasting of Cb location
npHHu,HnHarlbHOI;IBO3MO;_HOCTH several hours in advance, the limit of Cb
_eTepMHHHpOBaHHOrOnporHo3a predictability being the lifetime of a
MecTonono_eHHR Cb Ha HecKOnbKOLlaCOB, mesoscale cell.
T.e. npe,o,enoM npe_cKa3yeMOCTH Cb
cny)KHT BpeMR )KH3HHMe3oMaCUJTa6HO_
RHei;IKH.

)KypaBneBa B.A. Ha3eMHble H3MepeHHR Zhuravlyova, V. A. 1989. Surface
H3ny_laTenbHOl_lcnoco6HOCTH H HeKOTOpblX measurements of radiating power and
_pyrHx CBOI;1CTBnepHcTbiX o6naKOB // some other parameters of cirrus. Radiation
Pa_Hau,. CBO_CTBanepHCTbaXo6naKoB. M., Properties of Cirrus. Moscow.
1989. C. 112-130. pp. 112-130.

B CeHTR6pe 1981 r. nH_apHo- Lidar and radiometer methods were used
pa_HOMeTpH_eCKHM MeTO,i_OMnpoBe_,eHo to study optical, radiative, and some
Hccne,l::loBaHHeOnTH'-ieCKHX,pa,D,HaLIHOHHblX physical properties of cirrus clouds in
H HeKOTOpblXCl3H3HHeCKHXCBOI;1CTB September 1981. The emissivity was
nepHcTo_ o6naNHOCTH. VI3MepeHa measured. It ranged from 0.1-0.75, the
H3ny_aTenbHaR cnoco6HOCTb - OHa average being 0.3. Power spectra of space
BapbHpoBana OT 0,1do 0,75co cpe_HHM inhomogeneities for cirrus brightness were
3HaNeHHeM0,3. rlonyHeHE,i ::)HepreTH,_ecKHe obtained. The average value of ice storage
cneKTpbl npocTpaHCTBeHHblX was determined to be 5-30 g/m 2 and ice
HeO_HOpO,O,HOCTel;1,O,nR RpKOCTH nepHcTO_ content to be 0.005-0.03 g/m 3 on the basis
o6na_HOCTH. Ha OCHOBaHHHCBR3Hne_HOCTH of cloud ice content relationship with its
06naKa c H3ny_aTenbHo_ cnoco6HOCT_O radiating power for a high-mountain area in
_nFI BblCOKOrOpHOI;IMeCTHOCTHKHprH3HH Kirghizia. The temperature dependence of
onpe_leneHo cpe_Hee 3HaNeHHene,o,03anaca: ice storage on the cloud temperature was
5-30 r/M 2, ne_HOCTH: 0.005-0,03 r/M 3. found, and vertical profiles of ice content
HaS,eRa TeMnepaTypHa_l 3aBHCHMOCTb within the cloud were plotted. The results
ne,o,03anaca OT T-pb_ 06naKa, nocTpOeHb_ were compared with those of other studies.
BepTHKanbHble npo_HnH ne,D,HOCTH BHyTpH
o6naKa. ['lpol_e_eHo CpaBHeHHepe3ynbTaTOB
C ,EiaHHblMH _pyr'HX Hccne,D, OBaHHR.
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3v_4eHKOA.B. CpaeHeHHe pac4eTOS no Zinchenko, A. V. 1988. Comparison of
MO_erl_M KOHBeKTHBHblXo6naKoa Me:)K_y calculations of convective cloud models
co6oR H C _aHHblMH Ha6nlo,o,eHHi;t//Tp. Fn. and with observed data from Global
reocl:)H3, o6ceps. 1988. Bban. 517. C. 55-63. Atmospheric Tropical Experiment 261st

day. Mathematical Modelling of
npOBO,QHTCflcpaBHHTerlbHblR aHanH3 Atmospheric Convection and Modification
pe3ynbTaTOS pacHeTOS no /_SyM 4HcneHHb=M of Convective Clouds. Proc. Main
Mo_enRM KOHBeKTHBHblXo6naKOB: MO/:lenH, Geophys. Obs. 517:55-63.
npHMeHRBU.le_CRKaHa_CKHMH
Hccne_oBaTerlRMH, H Mo_,enH A comparative analysis of computation
pa3pa6OTaHHORe rro. ,0,fir cpaBHeHHRC results using two numerical models of
TeopeTHHeCKHMHpe3ynbTaTaMH convective clouds (a model used by
Hcnonb3yK)TCi_peKOMeH/_OBaHHbaeBMO Canadian researchers and one developed
,QaHHbleHa6nlO,I:ieHHR3a KOHBeKTHBHOR in MGO) was undertaken. WMO
o6naqHOCTblO,rioKa3aHo convective cloud observation data were

y,O.oBneTBOpHTenbHoecorrlacoBaHHe used for comparison with theoretical
pe3ynbTaTOB paCHeTOBno MO,o,en_M Me)K_y results. Satisfactory agreement between
co6oR H C _aHHblMH Ha6nlO,QeHH_. model results and observed data is shown.
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