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Table 1. Some examples of forest monitoring remote sensing platforms with multi-
multispectral data; hyper-hyperspectral data; Pan — Panchromatic data (black and

white)
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Vegetation
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Fig. 2.1. Variation of pressure depending on the kp geo-magnetic index for Mta-Sabueti
in 2014
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Fig. 2.2. Variation of pressure depending on the kp geo-magnetic index for Mta-Sabueti
in 2015
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Fig. 2.3. Variation of pressure depending on the kp geo-magnetic index for Mta-Sabueti
in 2015
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Fig. 2.4. Variation of pressure depending on the kp geo-magnetic index for Mta-Sabueti
in 2016

56



01939 ImYy3560¢05 o0l LoBJs®ol EsTMI0IOEGdS 39mM-060gJLgdbY.

Mta-Sabueti
2015 (07-12)
14
12 R
10 ¢
?3 2 & ta X
° mx” A YN[ TRA ]
2 4
o (]

G2G1G1G2G1G2G1 G2G1R2G1G1G1G2G1G1G1G1G1G1

Geo-Index

Bob.2.5.  Jo@olb  LoBdomob (3399d5MdS  kp  ggm-0sgbodmeo  0bwgdug
©59M 300090190000 Jmo-bodmgomobomgols 2015§

Fig. 2.5. Variation of wind speed depending on the kp geo-magnetic index for Mta-
Sabueti in 2015
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Fig. 2.6. Variation of wind speed and pressure depending on kp geo-magnetic index for
Mta-Sabueti 2015
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Fig. 2.7. Variation of wind speed and pressure depending on kp geo-magnetic index for
Mta-Sabueti 2018
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3b6. 2.1 335030l 06gJLgdoL S0
Table 2.1 Description of drought indices

0bgdbol boowy NQALS Lobdotmy (§§.)
>2 2399mOBgams bm@Gom 1 gmgga 50§. 56 bs3emgd
1.6 bis 1.99 9LAH®YFMo© brn@Gom 1-2 - 40§.
1.3 bis 1.59 doge ben@Gom 1-2 -x 20§;.
0.8 bis 1.29 bmdogMs badom 1-2- 10§.
0.5 bis 0.79 83069 bo@om 12-5§.
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0.49 bis -0.49 BMogrMo

-0.5 bis -0.79 930Mg dIMseo 1-2-5§.
-0.8 bis -1.29 bmBogMo 3353 1-2 - 10§.
-1.3 bis -1.59 IE0gMO 3350035 1-2 - 20§.
-1.6 bis -1.99 9JLGHGYIo YOO 235035 1-2-40§.
<-2 399OBg0 23530 1-50§. 56 bs3cmgddo

330935 Podods  ©gmBwolfgeOml,  bsdmeMol,  mdowobol,  LbaBbgMol,
BoLEGHOIBMOOL, Foen3zol, FMMOL s MgWs30L FGBHINOMEMAO0MMHO  BoYIMHJdOL
90b5(399900b godmygbgdoo 2000-2020§. 39Gom@oliogols (bsb. 2.8-2.9)

3 y = -0.0037x + 0.4042
2 /- R*=0.0705

v
I

I\ M

— SPI — SPEI — Linear (SPI)
— Linear (SPEI) —— Linear (SPEI)

Bob. 2.8 a35¢30L 120030060 0bgdugdo SPI, SPEI gomawmobfystmbomgols 2000-
2020§. 396H0m©olmzol
Fig. 2.8.-month drought indices SPI, SPEI for Dedoplistskaro for the 2000-2020 period
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y =-0.0035x + 0.4183
R*=0.0577
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y =-0.0007x + 0.148

R*=0.0023

0 A
3=
= S
o
b
_2 ‘,1‘\/‘\\‘
-3

— Linear (SPEI) —— Linear (SPEI)

60b..2,9. 93530l 12 m30560 0bgdugdo SPI, SPEI ogersgologols 2000-2020F.

3960olm30U.

Fig.2.9. 12-month drought indices SPI, SPEI for Telavi for the 2000-2020 period.
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3930060 L5305m@© Jowser0s, RMSE (SPI-SPEI) ©sdseo0s 956Ls3mo®mgd0m bsdwm®o

Q5 09oz30bmgzol [19];

PCC SPI-SPEI-bo>30lb 8s0owos. R? @odseros 43zges Boaydobomgol. RMSE (SPI-

SPEI) 50500, M53 608bs3l bOmeymaowm 0sbbggo®al, (5b6.2.2).

3bOowo 2.2 56BgMwo LsAYMHYBOL LEAIGHOLEGH0ZMNOO 3565dgEHMgdo (SPI-SPEI)-UL

dobgzom

Table 2.2 Statistical parameters of selected stations according to (SPI-SPEI).

LoaYOMO correll covar kurt pearson r2-spi r2-spei rmse
bglGogmbo 0.942305 | 0.857534 | -0.49676 | 0.942305 0.0027 0.0188 0.025909
fow3s 0.942305 | 0.857534 | -0.49676 | 0.942305 0.0695 0.0695 0.009268
09530 0.942305 | 0.857534 | -0.49676 | 0.942305 0.0013 0.0263 0.015006
0dowolo 0.942305 | 0.857534 | -0.49676 | 0.942305 0.0058 0.0347 0.017471
LaBbgg 0.942305 | 0.857534 | -0.49676 | 0.942305 0.0241 0.0016 0.021206
bsdr®o 0.942305 | 0.857534 | -0.49676 | 0.942305 0.0064 0.0918 0.009364
3060 0.942305 | 0.857534 | -0.49676 | 0.942305 0.0034 0.0315 0.000938
©EOgwolfgste 0.942305 | 0.857534 | -0.49676 | 0.942305 0.0233 0.0785 0.016065
dmbolio 0.942305 | 0.857534 | -0.49676 | 0.942305 0.0006 0.0102 0.010778
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QO05¢05. 9996  209m3Eobsty  LobyMzgaros  3obgmol  Mgyombols  d0sb
50mbgddo,  359M0L  $H9d3gMsGMMOlL  xs0900L  (210°C)  3mbs,  H@Iol
3000090303 Iglodergdgeo 0dbgds s3MHMBIMIGOHME s bbgs 39Mdm LydBmOol
dofomdmgddgms 89mbgmdgddo, bgsslbgs Lolmgam-Lsdgm@bym 3w EMMob
DM-356300560905 [2, 3]. bsbsBBY 4.1.1 dmyzsb0wos B13989G30™ 39MH0Mm©To
(0039900l dobg30m) 35960l Lo 3gd3gMoEMMYdO.

T*C Lagafoam
25
222 218
- 19.2
- 176
155
15
120
106

10 I

3

" v W V V X 4

T°C mgemnaeobfysfio

25.0

222 216
0.0 189
171
15.1
15.0
100 110

10.0 I

-

W v W V W X 4
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T°C BB

228 225
138
20 185
16.2
15 129
116
1: I I
" ' W W W v X X

Bob. 3.1.1 35960L LodrsEm 3H9339M5EIMYd0

[}

Fig. 3.1.1 Average air temperatures

153929G°G0™ 3900Mm©To MM INMYO 306MdJOOL  FgrolgdoLIMZ0L  Fodmoygbads
5dBHoMOm0 3983960l xsdgd0 (=10°C). gl 35653690 39E39Me Hergddo
0MLgd0mOE Foblibgzs3gds LT oM FMSZ5eHeromEmO X 5Tolosb (300-400°C-om
©>  Jg@om). 0ol EsLLEYPPsm,  FmEgdMee  Msombdo  LOMdIM™MO
MHOHMD39WYMROWos 099 M5 LobMBEM-bsdgMMHbgm  3MWEHMOYd0  SBHOME
39939M5GH MMM X 599000, F903960w05 MJAMILOOL 256EHMEgd9d0:

LogOMgxR ™ >T=-9.7n+3904

©9OMRBobfystem > T=-8.9n+3648

93990 2obGHMgdgddo YT - LadOHMybmBMm  9d39Gmod ol xsdos 3s9Mob
LodMOEm EEIVSFMOO FH9gd3gMoE OOl 10°C-0l Bg300 goolizgerols MMM,
n - EEIms M®ogbgzo 1 BoOmGH0EB 3s9MH0L  FH9d3gMo@meol 10°C-ol bgz0m
23903L3WOL MM (35960l Bsdosem  3H9d3gms@mol  10°C-ob  bgz0m
239005L30L  MIMOPOL  sJbol  fglo ob.  Igbgoms-dmosbgmol  Mgyombols
LOMBIMMO MHBOHMB3GEYMBOL J3915380).

dm399M9o  29bGHMEgdgdom,  dgodergds  d9nobogl  dodobstg  Hgarb
39939605GHE0OL X500  DOOHMBIggmgs.  Boddw000®,  La3OMABMbM
3993965GH GOl X530, 0v) 50dmBbos 300-400°C-000 3930, Groombol Lodwmswm
967535 Fe0om® 933900« xsdbg (60ssol #Hgbol LszdsMolo Gom©gbmdols
9900mbgz93580), Lo 306MHMdJdT0 MBS 39EXMEM® bsmoLbOSL, dowse TmLsgswl
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5 3000dom. Mbs 500b0dbML, GMI 35Bol Loglz09bm xodo - GJsHoomgwo,
dmombmgl bevyero Lodfoxol MHEMB3gEymaoL GHgddgmodweol xsdlb 3400°C o
J9AL. 998m0M33s, MM  LosgoMgxmdo s©0bodbmeo  35%Bol Lo Lodhogy
MBOHMD39wymRowos 90%-0m gmgzgge so s 9@ fgwdo. gMmaeolfys®mdo
9399990 x0dob LOEo bLodfogg MBOYblgwymBowos 60% [4, 5].

6930mb6d0  LBobMmgErm-bsdgMEbgm  3MWEHMMGIOL  FoMTMgdols s FoWowo
36O GH0MXMI0LINZOL, LOMdML MBOHWB39wYmRlmsb QTN
3600369 m3560 HMEo 9boFqds 5EGHIMLGBIOHIo Boergdgdol MHom©gbmdsl s dob
239650 gdsl (bobsbo 3.1.2).

P (08) Lagafgoe e
140
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120
106
100
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- 75
80 70
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" W W W W x X
P (88) yeagmobfgsfn
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100
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&0 51
I I 45 47
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" W W W W x X
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P (8a) sBEYGHD
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115
100
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= 58 70
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57
| I I I I
) I

Bob. 3.1.2 5@3mbggHyero boengdqdo (90)
Fig. 3.1.2 Atmospheric precipitation (mm)

3H50s5,  bogngdgdols  gdi300M90s  Med9bodg  s0Lsbgds,  4obLsgMmGgdOm
960fierosbo Lobmgenm-Lsdgm@bgm 30 GOH9d0L Bn®HdogomE
36OHMOIGH0MMdSHY, B0 MBOM M) 43503900 500b60dbs. sdoG™I, 5gdEH0IMO

3939395300L  3900m©To 930 gd9w0s  I396s6Mggdo0ol  bosogol  GHgbom
MBOHMD39wymRs (60500l BYI30MHOL 3w E03530-30BRBZ0YMGdS, BMMFY3s).
296L5BO3OM05, G™A 600 39 boergdgdol xs39d0 Bo39RYGHIE0M 39MHOMPUT0 356MYS©
BOHMB39wyngxzl 39bgmol dmosbo Moombgdol ghmficrosbo s IMsgswfarosbo
390GHMOGIOL  BOHO-2b30mMgdL O 3OMEJBHOwMdSL. 600 39
5GIMbBgMmwo Boengdgdoom Bogo®mgxml Qo sbdg@ob 50mbgd0
0vOUbggwygmgoo  ogbgds  3-x96,  gmggrr  s»  fawofodo,  bowe
©IOMBEOLHYgsOM  ghmbgw.  bMowdo 3.1.1  dmEgdmwos  5GHIMbEBIOHIWO
65094900l MHebagargma3s (93) 10% s 90%-00.

3HOowo 3.1.1 5@IMbggOmeo bswrgdgdol (33) 10% s 90%-00 MHBEOHWb39wymas

Table 3.1.1 10% and 90% provision of atmospheric precipitation (mm)

®»399%0
39%9™-3164EHo 10%-00

v A% VI VII VIII | IX X

B52GYR 152 | 208|200 | 144 [98 [124 | 149

©yOMRwofystm | 104 178 | 167 113 98 92 99
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b3 ®> 152 [119]200 [128 [115 |108 | 132

90%-0m

BRGYR 35 |60 [49 |24 [11 [20 |26

©IOMRWOofyse™ | 21 48 | 39 15 11 11 12

sbdg@o 35 55 | 49 20 16 16 20

34300 39393°300L  3900m©To - Bo@bmdo, goblozMm®mgdom  03wolL-
0230LGML 399030  bdoMmos  Fgdmbzg3zgdo,  MMEs  Lobmgerm-bsdgObgm
390GHM9d0  2obo3osb 6050l FHgbol 6530gdMdL. 98mIobstg 59J9wb,
30GHMOIOOL 2030 39IgdoLs o IMLOgEoL  MEsbs3MYM©  B0MgdOLSM30L,
39MHIGMHGdTs 99300 GOO®© B A50MZ5¢0LHOBMB, Foblozmm®mgdom od@HowMo
393935300 3960m©do (083¢0L-5330L3H™M), 50bodbmwo Bocngdqdols
MBHOHWD39wYmRqd0. MHOLm30LYE LoFoMms  s3MMmEH9J603mMo  mbolidogdgdol
23000myg9gbgds [6]. Jobgmol dm0sbo  M50mbrdOL  saMM3I0ToGHMO  MYLELGdOL
39535L900LsmM30L gbcowdo 3.1.2 dmyzsbowos  mdow  3gMmomEdo
3MHM3E0doG M0 JobsL0sMYOEGOO.

3HO0wo 3.1.2 JoH0m50 53MM30To@ M0 Jobolosmgdergdo mdowr 39MHom©do

Table 3.1.2 Main agroclimatic characteristics in the warm period

(IV-X)
59BHoMMo 5GHIMbBOHWY- | 3596H0L
3 A993965@ - RMOIO0NO 3
30(23(0_ 6ol xodo <o A96056mds 23
obJoo (>10°C) boendgpo | (%)
(89)
Lo 9MgX ™ 3420 550 68 1.6
QIQOBLOL-
Dygotrm 3230 490 72 1.5
obdgBo 3660 560 68 1.5
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3HOOwol  965¢0BoEb  2odmBobstg,  Imyzsbowro  sMHM3I0doEIMHO
3sboliosmgdgdo JogdlodoerMEs® s 9BIIGHNIMS®© Mbs 0dbsl 25dmygbgd o
39b900b 30560 G50Mmbgdol FHYMHOEHMM0sDY LObMBEM-IsdgMMHbgm 31w EHMMIdOL
bs6obbosbo s bgzo  dmbogwol dolowgds. s0bodbmwo  dsbsbosmgdargdo
doM0mOO©  bgbog®gwos  Lmgwol  dgMObgmdol  bgsslbbgs  @atyol
2496300056900Lsm300.

38003¢005¢91%0  Bbo98s.  Leagwolb  gmbgmdol  Lbgoolbgs Mol
53065000 2obasggdsl o T 2ob30mMgdL MO J9BLIBPZMH3L
MM 30dsGH MM MHgLOLYdO. Mo0MbYdTdo, gMMBYMdGOOL M9bESdIMDdOLIMZOL
Lo FoMms Lobmgerm-bsdgm@bgm 3 GHIMYd0 23963 90mo 09651
9MMI0TGHMM0  Bo5JBHMEOO0L  dmmbmgboergdol  dobgz0m,  doMHOMOO©
LomdE M9700bg om0  IMI0EIOMEGOOL  FgLodsTOBOE.  SZMHMIW0TSEVIMHO
0obsli050gdWYd0H 258030bsMy, 35960l Lodmom QQOI0sdNMHO
3993965¢e0oL  (210°C) s 5GHIMLRIOMWo  Boangdgdol xsdgdol  dobgzom,
2399mgmxzowos  3dbgmol  Mgaombol  dmosbo  GHIMHOGHMOMmO0L 5™ 3I0ToEMo
bmbgdo [7, 8].

I - Bmbs dmo3s3L 99sMgdom 3306y GHIMOGHMMOsL. 39dsMgMdl b®.combowsb
500-¢56 900 8 Lods®EgdY. 5JBHOMO 3HYB3IOSGMBIMS K sd0 Fgogbl 2000°C-by
39AL. 5GIMLGIOHME0 bogrgdgdol xsdo 89opqbl 650-750 33, mdogr 3gMomedo -
550-650 83. dmm fogobzgdo dm399me Bmbsdo 033060390 Lodwswm 6.IV-
17.1V, 3o6ggwo  {ogobzgdo ©s0330603905 Lodmserme  23.X-30.X.  vgobgm
39600l bobyMdogmds  99o9bl 222 ©Egl. Bmbol  s3H™3w0do@OHo
30000900 bguliagMgeros 3995033¢gmdoL (BsdgdmEmam bmMmdowo, J9co, 33530,
93605)  993965bgmdol  (bsoMgm  x0dgd0),  dgborgmdol,  dgdmLEBbgMdOL,
393H™3909Md0L 11533980 JoMb396900L, LEMOd-L5IMZMIOOL FobgzoMsMgdOLIMZOL.

IT - Bmbs 9mo393L 30093 MBOM 33009 BHINOGHMMOL. Dby 3EYdMYMOL
b. ©Mbosd 1000 8 LOsgdy. 59BHO0MO GHJI3gMHsEHIOsMS Xsdo 1000°C-by
3930d. 5GIMLBIOMo bowrgdgdol farom@o xsdo 99opqbl 750-950 99, bmerm
00 39MH0om©do 650-700 33. dmerm {ogyobzgdo s03306M390s 9.IV-20.1V, 3o06H39wo
0oyobzgdo 21.X-29.X. ¢94obzm 3960m©ob boba®dwogzmds 99509bL 221-183 wqU.
9399990 DBMbol saMM3e0dsEe 306MHMdYOT0, 5B 3H9JI3IMOGVIMSMS K sTobL
Lod30MOL  2odm, dglodergdgeros FBMEME  IgHogmdOL  (LysEMgm  x089d0),
390mLE6gMd0L,  FoM(33e0M3569000b  I3M00L,  JgMol  [oMmBmgds.  saMmm3Y
d9L5dEgdg0s Fgmoddogdmgmdol, dgEbmagegmdols 11533900 doMb3969d0L, Ly0Y0d-
L5dM36MH9d0L 256300569 ds.

I - Bmbs 8mo3s3l  99sMgdom ©o©  GHIMoGMMosL. oo 2000 3
L0BoEd®Ey (PO. ©MBoB). 9JBHOMO  BHgd3gPOGHGMs  xsdo  1000°C-by
653009005, 5GHIMLBIOMwo bogrgdgdol faerom®o xsdo 800-1000 83 Fgoagbl.
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bmboll mdow 3gMomdo bowrgdgdol xsdo 700 99-0gs  (mTserm), bmenm
g35Mm9wol s Wogm©9gbol BMowmgmo 800 93 s dg@o. dmem fogyobzgdo
©50330603905 14.V  (m3sm), 3oM3geo  fogobzgdo 5X  (mBsgwm). mgobgm
39600l bsbamdwogmds Fgoagbl 143 ©@al (mdsenm). dmEgdwer bBmbsdo
5dBH0MO 39339M5GIMoms Kool 5B39690egd0 593500 30695, B350 Lobob
LobmgErm-BsdgM@bgm 3OOl [o®mdmgdolsmzol. a3y, 98 Bmbsdo
d9L5dEg09g0s dBMLEHDYME0 3 EHMOGOOL B3ToME FoHEO 3BIMPMIGHOEMDY,
o939 T9EbM3z9EgMdol  Bs33900 doMbzgbs  3MWEMMHGOOL, Lsm0d-LodmzMgdol
2396300069d0.

d3bgms-8005bgmols Ggaombo

boodmmo s H9boor #bG639¢9ms. d3bgme-0m05bgmols dmosbo Mgaombo
boboosmgds 15305MmE OO MJ0JBNOHO 30MMIJO0m. 030 IEJOIMIMOL B.
©Mb0sb 2000 9 s 393 LT gdEY. o §oMTMYd9b FsME3wgMEL, 35DL (800-
1000 38 LoBsE9d®g), bgbom3zsbadL, BdLEBIME  FMEEHWGIBL s  Lbgs.
6930mbdo Lemxgwol dgMHbgmdol 99damdo 49630m5M9gd0Lsmz0L d936096HIEs©
Q©3BOdGIMO 53O M3I0ToEMM0 MYLYOLYdOL TgisLgds S FomO 9JBYIGHIMS©

23900mg9gbgds,  399Mo3wgbl  Bgdmblinbgdmo  3MWEHMMHgdOL  Imbogerol I
d9L5dEgdMBL. FBOOTdo 3.1.3 dm399E0s 3596M0L LydMsem 3H9A3GMSGHYIMJIO

0d0 3gHhomdo [2].

3bO0wo 3.1.3 35960 LydMsEm 3H9339M9EYIMYO0
Table 3.1.3 Average air temperatures

39 900,°C
99090-376J00

IV \% VI VII VIII | IX X
4obd9a0 4.4 9.1 110 | 146 |144 |11.0 |62
3000 2.7 8.1 116 |138 139 |98 5.2
BP0 0.9 5.9 9.4 125 125 |85 3.9
d3999mo0 59 114 |146 |176 |174 |132 |83
Hobbo 3.1 8.3 11.8 | 142 |150 |11.2 |62
BLObsEO 7.9 115 | 156 |186 |182 |144 |92
390 9.5 139 (173 |203 |202 |164 |109
0056900 7.5 124 157 |186 |[182 |143 |91
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Lbombo 6.9 120 |152 | 183 |185 |[144 |93

3b®owol dobgoz0m, BsxbMwdo, 5JGH0MM0 393939300L 3gMomdo (VI-VIII)
35960l Lodmowm  3gd3gMoGmeol  Tobobosmgdergdo 1000 3  Lodsmergdog
0505305950939 BobMREMm-b5dgObgm 3MEEMHgdOL (35%0, bgbowmgsbo,
05033090, dmbEBbymwo s bbgs) 296m9bGH0M9dMwo dmbogerol Jobomgds.
dm39999o  Lodseerol bgzom (2200 3 s gm@S 39Bo) 359MoL  Lodwsem
39939653900 59GH0IM0 3929GS300L 3900MEA0 FYIMIIOM IOSW0S. M3,
090 53054mMx0qdL JoMmE3wgwo, bow3bimmgsbo, dmbEbymwo, 3sOEHMEBowol
390GHMO0L  DBOEO-29630m560930L  306MHMdBL.  Asligzg,  GgLodwgdgEos
993b™M3909Mmd0L 1533900 doMb3z969d0L s LoMOBd-LoAM3MGIOL Qob30MsMgds [55,
56].

1539393930  39MomEdo  I3bgms-000sbgmol  Mgaombol  dmosbo
650mbgd0Lsm30L 35900l 3H9d39Ms@ Mol 10°C-ol Bgz30m 3H9339MoGIMms X sTob
239BLsBEZMOLIM30L Fggboos MgaMaLOOL ASBEHMEGdGdO:

©omdgomo  YT=-11.9n+3692
mosbgmo  YT=-14.8n+2942
gobdgyo  >T=-12.6n+2110

390¢Mmwgdgddo YT - 39d39MsGH Mol xsdos  10°C-ol  Bgz0m  »sMOEOL
©53M30sB, n - UM Mogbzo 1 - FoMFGH0B MIgol s Mosbgmob
6500b900Lsm30U, 1 - 50L0EID YsBHdIAOL MO0MbOLIMZ30L, 3gddgesdycol 10°-ols
©9300 490830l MMOWSIVY.

05500m0oLOM30L,  gobgzLoBP3OM™M  FmbowmEbywo  3Hga3gMo@MMsms X530
©93900L 800560 M50MbOLLEMZ0L. ©sd35m, 359601  HHgd3geo@wemol 10°C-ob
993000 ©3©RMIOL MO0 5006086 10 53GOWDL. 58 F98b3935d0 WIS MOH30
1 95606 10 536M0wsdg 0g690s - 41 g, M®Igeol Bsbdoo dglsdsdol
396@™@9d5d0 dogz00gdm:

>T=-11.9x41+3692

9.0. 1539393°30M 39M0MEOLIM30L  3Hga3geMsdEoms xsdos 3204°C. dmEgdme
990mbgz935d0, 800gdMo  3Hgd3gMoG ol X580 ©Mdgmol Msombols Lsdsswm
399396M5GH 0L x50056 dgsmgdoom 200°C-8g 99@0s. 9d9sb 98mdobsty,
LolmBEM-BsdgMObgm  3NMWGHMOGOOL  DBOHI-2ob30maMgds 13939 BOGOM
39600030 139009L5 0gbgds LoMdMMO YBOMBlgWYmBoEO.

6930mb60L  BHgmoGM®05Hg 1000 3 Lodsrwgbg s Bg300  5GHIMLBIOHWO
65e09d900, 15393939300 3900MmEdo BmyxIm 396 MHBOMBIGLYMRL LolimEwm-
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b539Obgm  3MEGHOIOOL BMEOTsO 263006 gdsl. 2000 3 s Bgzom 0y0
©5053054MmxBogdgmos  dsM33wgMwo,  dmbEbgmwo s bowr-396360m3560
3M90GHYYOJIoLomM30L. 00 BHIO0GHMM05DY, Vool 39393930 39M0Mm©do
5GIMLRIOMo Boergdqgdol xodo o6 509do@gds 400-500 30 @O 9M5MbIOOSWIS
239bsforgdmao, goblszmm®mgdom FoME3wgmwo, dmbGbgmmo s dsmBgmwo
30GHMOGB0  A5MBEH0MGIMmo  Imbogerol  dgbs®Bbgdolsmzol  LsFommgdgb
Bosoaol  BHgboom  MBOWD39wyYmesl.  bGowdo 3.1.4  dm3gdMeos  dmosbo
650mb7d0L 5EHIMLGBIOHYo Boergdqdols xsdgdo (30).

3bM0wo 3.1.4 5@IMLggOHMEo bsergdgdol xsdgdo (99)
Table 3.1.4 Sums of atmospheric precipitation (mm)

®39 900
9909m-3363H0

v \Y% VI VII Vil | IX X
g4oHd9A0 73 105 99 87 85 68 51
300 101 139 135 122 98 91 77
235O0 142 192 171 139 118 106 105
939890 117 158 141 114 97 87 86
fobboow 118 158 141 114 97 88 86
939L5BsMO 94 136 128 97 79 73 64
939000 71 114 98 59 49 47 53
0056900 80 127 113 79 62 66 58
Lombo 71 112 99 69 55 58 51

©39m0L Msombo 600 33 5@IMLGRYOHIo bowrgdgdom MBOWlgwymBowos 2-
XIO ym39w s Fgwdo, ysHdgaol s 0056gmol Moombgdo 5-x96. sdo@md,
LobMgEm-B5dgMObgm 3 EVIMHGIOL QoM6EH0MGIMO TmbgzErol Jowgdolomzgol
gobd9gado o 05bgmdo  Loliym39wos  bossyol dmOfiyzs 1-2-x96, bmerm
939080 s 3-4-x96.

33999000 M9g30mbol 300560 EgHoGmOmoobsmzol, Moombydols Jobgwgom
903997905 Md0 39M0MmEdo  SEGIMLBIOo  bowrgdgdol 10% s 90%-om
MBHOHMD639WYMRqd0. B3, SbEbIgL  BHIMOEHMM0sDg ol  2s6ds3wrmdsdo o
LybMbMMO©, M) MsdIbo JoodgBHM0mss boergdgdo MBOHMb3zgerymgoo sds
0] 00 Hom©abmdom (bGowo 3.1.5).
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3b®oo 3.1.5 5@ImbggMmeo bsergdgdol (33) 10% s 90%-00 BOHMb3gmymg3s
Table 3.1.5 10% and 90% provision of atmospheric precipitation (mm)

®3990%0
39®9™-399643H0 10%-00

v vV | VI Vil | VIII |IX X
©)39m0 112 | 203 | 168 | 108 |98 101 | 112
4obdgR0 122 | 161 | 150 | 134 |[150 | 122 | 107
005690 121 | 200 | 192 |138 | 126 |122 | 108

90%-o0m
©)39m0 33 44 |38 16 4 18 10
4ovb0dgR0 33 52 |50 43 29 26 10
005690 38 52 |40 30 15 20 13

3HOOOL  565¢0DB0oED BBL, MHMI sEIMLGIMMEo Boergdgdom  Ls39R9GSGOM
3960m©Io J9sM9gd0m 3900 5OOL MHOHW639WYMB0w0 gobdgaol s M0sbgmob
506900, ©dgmol Goombo - 850l-0360Ld0. sd@oMEO 393939300L 3gMom©To
Boangdqdo yzgams Moombdo 9306 gds. sdo@md boswspado GHgbo smwygbowo mbs
0g65b ImGfg300 (2-3-x96), Hobssmdgy 999dmbggzsdo Tglodegdgeos dmbisgerols
9903069d0. d3bgmo-0m05bgmol  Ggaomboll domosbo  Msombgdolsmgzol
23900m300w0s [2] dOMHOMIO  953MMI0doEH M0 FobolosmMYdEgdo  (FbEOHOWO
3.1.6).

3b®0wo 3.1.6 d0MHOMIEO 5MMI0To@IMH0 Fobol0sMYOEGO0 MdOE 39MH0MET0
(IV-X)
Table 3.1.6 Main agroclimatic characteristics in the warm period (IV-X)

59BHoMMo 5GHIMbROW- | 3596H0b

&993965@ - RMOIO0NO
28(23@ Gob  xsdo | SO »96056md> 303
0
%30 (10°C) bsendgdo | (%)
(00)
93900 3050 500 70 1.6
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Hobbon 1570 800 - 5.0
J399900 2280 800 73 3.5
Robobom®o | 2570 670 73 2.6
aoMo | 1140 970 75 8.5
g4oHd9R0 1520 570 71 3.7
3™d0 1370 760 72 55
005690 2560 580 76 2.2
Lombo 2490 520 77 2.1

3b®0wdo 8mEg8wo  s3MM3IWodsEmo dobslosmgdwgdol 3oMmdgddo 1000 3
LooMWgHY O 3MAGHS BYg0m, TGbodEgdgE0s o3G0, drmbEGHBYMEOl s
bgbowmgsbqd0l 1s305m@ Fowowo dmbsgwrols dowgds. 2000 3 Lodsmergdwy ©s
993000  LObLMREM-L5dgMMHbgM  3MWEHMMJdOL  Homdmgdobomzol (39630:m356900,
d93b™M3909MmdoL 11533900 doMbz9gb9gd0) boswsyo Lo3dsm MHEOMBlgEYMmBoEos
Lo FoOm [yerol doEsblbom s 3m3 d95009bL 3.5-5.5 s TgHL. 59 396513690y
3930 3m3-ob 353969390 Jgodergds sM9bgLYMGE0 508mBbEIl d39bstggdol
36O G0MXMI0LIMZOL.

3803e005¢9)H0  Babo®9ds.  I3bgmo-00005690lL  Mgy0mbolsmgol 35960l
Lodmom OISO 3gddgeedemol  10°C-ob Bgz000 ©s  5GHIMLBGOHWO
Boggdgdol xsdol  (wdogr  39OH0m©To)  Loxmdzgwby,  2odmYmBoEr0s
33MM3w0doE Mo Bmbgdo [7].

I - Bmbsdo #9d39Gmsdmeol xsdo 4000°-sb 3000°C-0gs. 030 dgdsMgmdL
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9995539Mbgdgeo.

Lo93bY-X9396gMOl 8056 @O FoOETM0E  Mv0MbBYdTo  LogggBO3O™
39600m©olL LoMdIMMO MBOHMB3gWYMBOL FgBsLYdOLLMZ0L, OMIgEog BoFoMmms
Lobm@erm-BsdgMObgm  3MWEHMMHJIOL  DBOEO-2963050Mgd0Ls s FMBsgrol

78



R0OI0OHYIO0LOMZ0L,  IMm(39dMo  MJMILooL  F9BEGHMEdgd0m  A9BOLIBLIMGDS
1539393°30M 396H0MEOLOMZ0L La3MHMYPbMBM 3H939MoEMOL XST0.

500960 > T=-12.4n+3010,
sbognz0by > T=-10.7n+3244,
505L09dsbo >T=-9.8n+2582,
sbogndoemodo Y T=-11.7n+1984,
bobmfdobs  YT=-8.6n+1372,

396¢™mgdgddo YT - LadOHMAbMBM  FH9gd3geMe@E Mol X305, 35960L LsTMsEM
©OIV3YOH0 3gd3gMo@ ol 10°C-ob 9300 goolizerol MsM0L0B, n - M
6oabzo 1 5360H0osd 359006  F9gd3gemsGeol  10°C-ol Bgz00m  AosLZol
560053 00 ©50MmbBIdOLIMZOL, OHMIWgdoz JIOsMHYMdID Br.combowsb 800-
1300 3@ LodsgdEg, bmem 1 Fsobosd 2000 9-0g s B30 TEYOMY
650mbgd0LsmM30L (359MH0L Ly MsEm 3H9d39MmsdMEmol 10°C-ob Bgz0m AosLZEoL
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Table 3.1.8 Sums of atmospheric precipitation (mm)

™39 900
3909m-3bddo

IV \Y% VI VI VIl | IX X
205L0ydsbo 6.0 11.0 | 141 172 | 171 131 | 7.7
500960 7.6 125 | 158 |187 |190 |[150 |98
sban3oby 9.2 13.8 | 170 |203 |20.1 16.0 |99
ab3obds 9.2 13.7 |169 |200 |198 [157 |99
dmOxmdo 8.7 135 |169 |200 |199 |[157 |10.0
0539960560 4.1 8.9 120 |147 |145 |10.7 |58
sbogndsansdo 5.0 9.8 127 | 157 | 158 |120 |6.7
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Boangdqdol 10% s 90%-0s60 BGOHNMB3gymRs.

3bO0wo 3.1.9 5@IMLggHEo bogmgdgdol (83) 10% s 90%-0s60 bBOHMB3gegmes

Table 3.1.9 10% and 90% provision of atmospheric precipitation (mm)

®399%0
39®9™-399643H0 10%-00m

v vV | VI Vil | VIII |IX X
505L0¥)dsbo 82 140 | 155 | 124 |95 91 98
500960 67 109 | 127 | 108 |95 76 81
sborgoby 82 109 | 127 |93 95 76 98
sb30bds 67 124 | 127 | 108 |95 76 81
dmbxmdo 98 124 | 142 | 108 |95 91 114
05379600560 144 | 184 | 183 | 140 |123 |106 | 130
Sbordsasdo 98 176 | 142 | 124 |95 91 81
9536M99mM335 113 | 140 | 176 | 140 | 112 |137 |98

90%-o0m
5051093560 19 42 | 48 25 13 16 13
500960 15 32 | 36 20 13 12 9
sbaanzoby 19 32 |36 16 13 12 13
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sL30bds 15 37 |36 20 13 12 9
dbx™do 23 37 |42 20 13 16 17
353900560 27 59 |59 29 22 20 22
sbogndoamsdo 23 42 | 42 25 13 12 9
9536M99m335 28 42 |53 29 18 16 13
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3b®0wo 3.1.10 0G0 5MM3E0do@ 0 Fobsliosmgdwgdo mdogr 39H0m©Tdo
(IV-X)
Table 3.1.10 Main agroclimatic characteristics in the warm period (IV-X)

5dBHomco 5GHIMLRBIOW- | 35960L
YL e SIS oo ol B

(210°C) Boargdqoo (%)

(99)

sbawgoby 3030 360 66 1.2
500960 2640 360 66 1.3
obsgrdoesdo | 1980 400 71 2.0
0537960560 1400 570 77 4.0
3dsboydsbo | 2130 440 74 2.0
sb30bds 3000 350 64 1.1
dmOxR I 2670 420 76 1.5
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Bob. 3.1.4 5@3mbggHwemo bogngdqdol xsdqdo (30)

Fig. 3.1.4 Sums of atmospheric precipitation (mm)

230Doxbbg  5GHIMLBIOMwo  Boergdgdo  FoGMeEmdl,  bomem  Bsgbyol
3900m©do dgsmgdom dzoMgds 1000 8 Lodsmwgdwyg. bowgdgdol 9030 gdsd
Dogbmeol 5JBHommo 3939393008 39M0Mm©Ado, 890dgds 49633990 43w 9bs
9mobobml  LobmBEm-sTgMObgm  3MWEHMOYIOL 3OMPOIEOEMdSDY,
2396L53MNOIBom  9HM(iEr0sbgdby  (FoM3ego, dmbGHByMwo, dobgmwo).
5d0@Mmd 50b0odbme 39M0mEdo 3MWwEHMMd0 Mbs 0dbsl BOHMB3gymBowo
605050l Lomobsm @gbom (B0ssa0l 3w E035305 2oxb3096M9ds, dmMfygzs 1-2-
X90). bGowdo 3.1.11 9dmEgdmwos Ggaombol dmosbo  Gsombgdol mdogn
396030 5GHIMbGBIOHYo Boergdqdols 10% s 90%-0s60 MBEHMb3garymas.

gb®owo  3.1.11  5@InbggOmwo  boargdgdol  (3d)  10% s  90%-0sbo

UG el
Table 3.1.11 10% and 90% provision of atmospheric precipitation (mm)

®3990%0
393 9™-399643H0 10%-00
v vV | VI Vil | VIII |IX X
©3dsbolo 118 | 208 | 182 |125 | 124 |107 | 102
R TIOTel INCIV] 144 | 184|170 | 108 |95 106 | 130
Doamn3os 113 | 199 | 170 | 124 |112 |121 |98
90%-00
©3dsbolo 33 46 | 60 22 12 29 14
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39600m©do, GmEs 359008 39d3gcedmes  dsmoos. o3 dggbgds  90%-om
5GIMbRIMMwo bsergdgdom MO MB3gEYgmasl 30Mmgds, goblszmmmgdoom VII-
VIII ©399080. 250md@0bstg 599wsb, 190M096OHwme ©s 39Mdm dofosmdmddgooms
990B9gMd9080 LabMREM-LsdgObgm 3MEGHWOYO0 Mbs 0gmb Bossaol GHgboom
MBOHMD39WYMROWO, Moms 9gbsmRMbgdmwo 0gbsl dmbsogswo.  gbGowdo 3.1.12
0my356005  d0MHOMOIEO  9MMI0ToBH Mo Foh3969dgdo  J39dm  JoGoerol
9000560 ©50Mbgd0LEM30b.

3500 3.1.12 doHoms©O 53M™3e0d5@MM0 Tobolosmgdwgdo Mdow 39MH0m©Io
(IV-X)

Table 3.1.12 Main agroclimatic characteristics in the warm period (IV-X)

59BHoMMo 5GHIMbBOHWY- | 3596H0L
A993965@y- SNOTtelelole;

28(28(0_ 6ol xsdo <o A96056mds 303
0560 (>10°C) boegdgdo | (%)

(99)
©0dsbolo 2470 550 74 2.2
0gocofigocrm | 3230 560 69 1.7
Poangs 1920 560 74 2.9

3bOowdo ImEg8wo sMm3wods@ )Mo dobolinsmgdwgdo, Be.combosb 1000 9
oo gdEg M5dEYbsTg 353059MBOEGdGE0s BYMIGOME  F9MbgmddTo
bbgoolibgs  Lobmyerm-bsdg®mbgm 3w EHMMH9dol  Fo@dmgdolomgol. dbmerme
35B0b 3Gl (Loag06m  x0do)  FoMBmgdss  FgbwMwo, LoFoMm
3993905GH MM X5ToL  B53egdMdoL  250M  (099MOfYsm™M, ©Isbobo, Foanzs).
00b0dbmer Lodswgdy 3m3 3960 MHBOHWYB39WYMRL 3MEEHWIOHIOOL BMEOTsH
BM-356300560905L.  5d0GH™MT, 04dbgds bosogol  GHgbom  MbBOMBlgymaol
Lo F0MHMYds 50360, BoMbgreols s drareboliol Gsombgddo.

380022¢2005¢9 150 Db06985. 1 - 8000560 Bmbs Br.combosb 1000 3 Lodswegdy
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bmbsdo 399396M5GH Mol xsdo 2000°C s dg@0s. 365350 Her0MM0o 5GIMLERYOHMEO
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184 gs. Bmbsdo sOLYdIMEO 3H9B3gMHOGNMOMOL xsdo o6 0dg3s BMAOIHMO
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9. dmEgdme Bmbsdo Jgbodergdgeos BoM33greol  (LodgIMEAMIM o
Logobogbmm  bmMdoswo,  JgMo,  F3930, 836005), DMYogeHmo  LooMgM
bgbowmgs6700l s 8gdmLEBBgMdOL Fobdmgds. 39ML3gdEowmwos dgbmazgurgmdol
1533900  doMBZ3gbM3sbo  JMWEGHWMOIOOL  FoMmTmgds s Lom0d-BadmzM9gdOL
396300056900.

IV - Bmbs Bw.combosb dgds®mgmdl 1500-2000 3 s d9¢@ Losmwgdwy.
3993965GHMEOL  xs80 593505 d30Mgs, 1000°C-Bg bogargdo. 5GHIMLBIOHWIO
Boegdgdol faromGo xsdo goagbl 800-850 93 (dsbolLo), bmm Fowr 3ol
500600 3HgB0GH™MMH00l3906 d30MH©Ids s F9509gbL 600-700 33. Mdo 3gMom©Io
500-700 33 s0f93L. dmem og0ob3900 0330603905 3.V-13.V, 306390 oyobzgdo -
3.X-12.X. mygobgm 39MH0om©ob @egms Mobgzos 160-137 ©eg. Bmbsdo s6LgdMmo
39939O0GHMEOms  xs5ob  LodEoMmoL  qsdm  ggMI e IgEbgmdgdTo
6035 ferosbo  bgbomgsbo 3w EMOMHgdol  FoMdmgds  5M5M9BE0GMM0S.
50bodbme  bmbsdo  39ML3gdGHomwos  bBmaoghmo  dmbEGHBgMwo 3w GO
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do6b396900L Fodmgds s BLomM0d-LodMZMGOOL Qo630 509ds.
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boodmomo s 3gboor 9bGb39¢ym3s. 80 JoOmeol  Mgyombols dmosbo
A9O0GHMEO05 3YdMgMAL HB.combosb 2000 8 s 9@ Lodowrgdy. ImEgdwye
6930680  Legeols  3gMMbgmdol  3OMmEdBHgdol  FoMdmgdol  89dymdo
5050gd0Ly @O 9MMEBgMHIgOH o dgMHbgmdgdol  MgbEsdgEXMIOLIMZOL,
LoFodOms  993bogemws  ilvdMMYOMEo  5MM3wodo@GMo  MHglmMLYdOL
d9x35Lg0s o TFomo  9BYIBHMOSE  3STMYgbgds, M3  9OLYOOMOIE  JSBOOL
0503390,  bgbowmgzsbo,  dmLEbgMwo s BobgMmo 3 EHMGMYOOL
0o0mgdsl  [2, 11]. @bGowdo 3.1.13  9m3gdneros  35960L  Lodwmognm
399396M53Mm900 Mdow 39M-0MEJO.

3500 3.1.13 35960l bydMowm 39396M5EHIMJO0
Table 3.1.13 Average air temperatures

39 99%0,°C
9900-30bdd0

v A% VI VII VIII | IX X
SbOWRMOO 9.5 142 | 176 |205 [202 |164 |10.8
963560 1.0 5.9 9.3 125 | 121 |83 3.5
OTORN 2.0 7.7 11.0 |138 |13.7 |10.0 |57
3gbobgswo 8.7 139 173 |123 [205 |[163 |11.1
X930 7.8 123 | 154 |184 |183 |144 |9.0

35960l B3 m 3H9a39M9GHMOS 4oBogbrbg Bo@emdl 1000 8 Lodswwgdy.
5  60o@ogol  Lomsbom  3H9bosbmdolsl, dglodwgdgos  39MEGHMBOEIOL
396360m3560 3Mmw@GMHgdol Homdmgds, d9Ebmzgugmdol Bs33900 doMb3969d0L o
L5000-15dM3MYOOL 496300056905,  LElMBEM-BsTGMBMbgMm  3MEEGHMOYdo - 35O,
39946039600 gmgeHgmm3zsbo s b3S, 3939@9305L 0§9g9gdgb 35960l Lsdswem
QOI0sdNMH0 9gd3gemo@Ecmol 10°C-ob Bg300 Mool IEYMI0E6. s0bodbrye
3993965GHMEsDg  Ggbodwrgdgeos  BmYoghmo  dmLEAbgwo 3G
Bo®09d0l 55635 05 3MbETo. Jos JoMmeol dm0sbo MHs0mbgdolsm30L,
3615gd3H0399w0 259mygbgdols JoBbom, gagb0wos MgaMgliools gobdmamgdgdo:

SboEameo Y T=-12.4n+3682
90dsbo Y T=-8.9n+1359
3bobgswo >T=-12.4n+3682
X539 >T=-14.9n+2945
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396¢™mgdgddo YT - LBad3OHMABMBM  FH9gd3gMs@G Mol X505, 359M0L  LsdMsEM
QOI0FNMO 3H9339Mo¢MolL 10°C-ob D300 gosligerols MsM0M0sb, n - Egmos
Mogbgzo 1 8sOHGH0b  35900L  3Hgd3gcmo@eol  10°C-ob  bggom  gosbigerols
05600597, 09 MH50MbYdOLIMZ0L, HMIYd03 HB.c0MmboEs 1000 8 Lodswergdwyo,
1 83Goosb 2000 3 Lodswwgdwg, bmerm 1 dsobosb - 2400 9-dg (3s960L
bodom $H9a396M0GwMol 10°C-0l B30 FooLZWOL MIGOMOL sEybol fglio
ob. 93bgm9-000056gmol  M9ga0mboll  LoMdmmo  MHBEOWMB39WyMmaoL  J39005380).
9mi3g0o Herol 1b39a9G9E0™M  39M0MmEATo, 39d39MsGMMOL xs8ds T9odewrgds
Lodmoerm  LOEOEOEID  Foosobo®mml  +400-500°C-0m s TYBHO®. OIPIJOONO
9b6m8oeoolisl  (LsdMowMBY FgBHo HJd39MoEIMs), 839bscggdo M3900 04690056
BOHMB39wYmzowo LoMdMMO, M3 JIHBOOL Tom 3OMEYYJEBHOMEMD, 35960l
5 6050530L $9b0sbmdol dgLsdsdolo Momgbmdol dgdmbggzsdo. sMYymuomo
9b6mBo M0 300HMdYOOLLL 5RO 946935 LadoMmol3doGmm Jgdmbgzgzsl. gbMHowdo
3.1.14 9myz3560¢05 G0 JoOMNE0ol 3056 G50Mmbgddo sEHIMbBgMEo bognrgdqdols
239bsfoagds mdow 3gMomedo [12].

3bOowo 3.1.14 5@3mbggHKIeo bogngdgdol xsdgdo (3d)
Table 3.1.14 Sums of atmospheric precipitation (mm)

™39 900
99Gge-32b9GHo

1A% Vv VI VII VIII X X
3boaMmM0 58 77 88 50 42 52 59
q963s60 104 139 124 100 /86 77 76
MM3S 96 128 110 83 70 86 99
3b0bgseo 53 72 61 46 39 48 55
X935 86 115 99 74 63 77 89

3BOOwolL  5bseoBol  Jobgzom, bowrgdqdol  xsdo  Bbe.combosb 1000 d
LodoMgdYg 65309005, 30O S0b0Tb o Lodswwol bggom, 2000 3 s MG
B, 20BoBLMWoEsb  Fo@GHMmdl s FogbodMAl  sefigzl  03wobol
5LOHYoLOAEY, 030L-5330LEHMT0 03gdl. B®.c0MmboEsE 1000 3 Lodsmergdwy
39300 392939300L 3gMomedo (VI-VIII), Gmas 359600 393396Ms@w6s 950o@os,
Boangdado Bmaxg® 3960 NBOHMBIgmgmxl  I3gbstggdol  bm®mdscrme  BO-
3963000569056 @5 5853054 BOEGOI  3OMONIGHOW ML, JobLsIMMEGOOM
9Oofjosbo - oOE3INwo, BdMLABINWO > B3RO NGO
9900bg935d0. s30@™I, LsFoOm bgds bossgol  GHgboo  MBOMB3gWYMRs
(BmMfiyzs  2-3-x96, 39wGH035305). 1000 3 Lodsperol bgzo0m  bogngdgdo
5009650089 ©5353059MB0EGdG0s F50LOEIL 5330LEHML Romzom Labimem-

L589ObgM 39w EHVIMYPIOLIMZ0L. Fow3gMe Hegddo LoFoMHm 046905 sbodbwmwo
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32M™3H99d60379600  ©Mboldogdgdol  JoBIMds.  bMowodo  3.1.15  dm3gdMeros
6930mb0l 0560 Mo0MbrdOL Mdo 39M0MmETo 5EHIMLBIOHO Boergdgdol 10%
5 90%-0560 BOHWB3geymas.

gbdowo  3.1.15  5@IMbggo o boengdqdol  (39) 10% s 90%-0sbo
9POO639Ygngs
Table 3.1.15 10% and 90% provision of atmospheric precipitation (mm)

®399%0
39®9™-399643H0 10%-00,

v vV | VI Vil | VIII |IX X
SHOYMOO 110 | 152 | 138 | 106 |89 92 105
3gbobgseo 93 120 | 104 | 89 87 88 116
X930 144 | 176 | 194 | 139 | 146 |128 |177

90%-o0m
SHOYMOO 26 36 |29 14 15 14 19
3gbobgseo 17 29 |21 8 5 14 12
X930 27 58 |35 22 18 25 30

3HOOWoEsb  go8mdobstyg,  BgMHIgOHer s 39Mdm  doffomdmgdgme
d9m@bgmdgddo, PO IRE e[0T teleTe)) Bogbmedo, Lobimgenm-bsdgm@bgm
390GHMOGO0L  bmMTomo  3MMEOJGHOWMOOLIMZ0L  YMMOEEYds b
309d39b  b0ssado  BH9gbol MBOWO39wymesl. bGowdo 3.1.16  dmygzsbogos
doM0MOEO  93OM3wodo@Gemo  dsB39bgdegdo  dos  Jedoeol  doosbo
650mb7d0LsmM300.

3b®0wo 3.1.16 JoMH0mIO 53MMIE0doE 0 Fobsliosmgdwgdo mdor 39H0m©Jo
(IV-X)
Table 3.1.16 Main agroclimatic characteristics in the warm period (IV-X)

59@Howmeo 3GIMLGgE- | 35960L
39939653 «9- SNOltelelole;
9o 6ol xodo <o A96056mds 303
305400 (210°C) bsewgdgdo (%)
(89)
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sboam®o 3500 400 71 1.1
963560 890 700 71 7.8
O3S 1210 670 76 5.5
3bobgso 3040 370 67 1.2
X930 2490 600 72 2.4
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05053054 FBOGIWS© d90d@gds Bo0m35¢mls Lobmgarm-bsdgme@bgm
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9300 99b5d909E0s 99Mgd0m Bs3egds LoMdMLAMY35MIO 3 EHMGGOOL
396300056905, 900-1000 9 Lo 303 F9IMYIOM T530594MBOEIGOIEOS
0503390, 350, 3mbEH0696@ MO0 bgbowmgzgsbo 3w EMMgdolomzob.
2396960609390 Imbogzerols Jobowgds LolmMzgaos 3m3 ogml 1.5-1.8, MHmdgwos
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MBS o0BIMmOML F9gbols doMogyo.

3980023¢0005¢91%0 b2b0Mm98s. 1 - bmbs 8¢0q0sMgMdL bw.combosb 900-1100 d
L0doEd®Y.  9JBHONO  BHga3ghoGMsms  xsdo  3000°-sb  2000°C-0¢gs.
3GHIMbRgMMwo  Boergdgdol xsdo  F950agbl  Lodwserme 600-900 99, mdogw
39Momdo - 450-550 39. dmerm §ogobzqgdo dmbscrmbgaros Lodwmswme 17.IV-
221V 50b0dbmee  Lodsmggdbg,  dgLsdsdobs.  3oMmzgwo  {agyobzgdo
dmboemEbgmos 22.X-19.X, v¢gobgzm 3gHommo d9509bL 195-188 g, 00539
LoToMEYgdbBy.  ImEgdm  Bmbsdo  Fgodwgds  FoMds@gdom  gobgomamgl
950339 Mwo, bgbowmgsbo, dmbGbgMwmo, 35Bol  LsdMoEwm s BosGmgM
dfoxzoo  x009d0 s  Ubgs  3MwEMOmgdo.  blgbgdmwo 3 EHMG9doL
2396963060930 IMBsgobsmgol, Lolvmmzguos 1-2-%96 bosogol dmefyzs [7,
13].
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500b0dbgds Lodmseme 18.IV- 28.IV 8000000900 bodomeggdols dglsdsdobs.
3063900 §ogobzqdo  dmbowmbawos 21.X-15.X, ¢gobgm 3gMomool @ogms
6ogbzo 990096l 194-179  egl.  Bmbsdo  Fglsdengdgaros  BmyogMmo
30b3H0bgbGHomMMo  LysMgm  xodolb  bgbowmgebgdol s 3gb3Mmzsbgdol
393639905, Bm®mBoemEo 99odwgds 29630m9M@gL bmEMdswo, 33930, Jgco,
936005, dLGHDYME0, J9OGMBOWO, LMOBbYEMZE  sOMTsGHME0  3MEEGHWMYd0.
bgaboy®geo 30609305  Igzbmzgrgmdol 1s33900 doMbz969d0L s LBy00d-
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59BH0MO 3H99396M5GHMEMOmM X500 593565 899306090 0s s 9996l 1000°C-by
B530090l, 5GHIMLRgMmwo boggdgdo dgoygbl 950-1100 83, mdo 3gMomdo -
600-700 99. dmm fogyobggdo doewbg 93056 fywgds 1.V-16.V, s0b08bmewo
LooMggdol JgLlodsdolo. 30Mm39wo oyobgzgdo Lodmsme ImbogrmEbywos
13.X-2.X. Dmbs bgelboy®mgwos 3963003560 379w@GHn6m9dol gob30mscgdolsmgols,
01939 890dgds LosEMIM J9OEMABOEIOL, 3MIBMBEHMY, Y3930eM3560 3TIMLEHML
5 Bbgs dmb3bgmeo 3w @GMHgdol Fomdmgds. Bmbsdo bguwboy®gwo 3o06mdgd0s
L5000-b5dMZMYIOOL 4563050 9BOLEMZOL. B0sEIYOL FMOFY3zs LosFoMms, Fbmerm

33939000 dgdmbgg353d0.

53500l Myaombo

boobdmomo s 9gboor 9bGb39¢ gm3Rs. 9Fo60l d0sbo  BHIMOGHMEMO0S
39M3MOBMEMAO0MO0  0Z9LsBOOLOm  13om© OO HITOJTROMSS
09039600 - LY M s Fo®oo dmgdom. bodmsem dmosbo bmbs 1000 9
oo 9dgs, ds@eedmosbo 2000 @ s dg@ LOTSME9dg. TMGOLS o
dobfjobgdl 39300 77.1%. o0go DmIogH s 3MmbEHOBbIBEGHIMO  3e0ToEO
3060Mm9000s.  500FGMI, 5]  9MHMINWGHMMGOol  Lbgoobbgs oMo
396300000900.  3900m©,  d9hs0gMdy,  FY0GOMLYMds,  IgLodobgMds,
3996031600 3 EHMMHGO06 - Fgoddogmgmds, BHbgol FoMdmgds s Lbgs.
33560l 3056 BHM0GHMM05DY, MMM Bo3TIM© MWW MHYJWOIRWO 300MdIOTO
dgmxzo  M9g30mbolsmzol, LsFomms saMm3wods@ Mo MalvOLYdOL JBRJGHIMS©
23090myg9gbgds B9gImmbodbmwo 3w EHNMMYIOL MOE0MbMIE© A9BSR Bl
19096 wo  Igm@bymdgdol  MgbGEsdgwmdolomzol  [14].  bobsbbg  3.1.5
93999905 3596M0L LodMOEIM 3gd3geoEH¥IMIOO MBdOE 39MHOMOJIO.
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Bob. 3.1.5 35960L LsdrseEm 39339M9GIMYd0
Fig. 3.1.5 Average air temperatures

5FoMol  Mgaombdo  359M0oL  3H9d39MoGMMHoL 097006  JOMOMII©
230BLsBEZMO3L  Fogo D30l go3wgbs,  MOMAMIBOMMO  Mo30LgdMENd,
3BHAMLBIOML (306039305 s b3S, 39MGH035wMM0  Bmbsermdol dobgwzom
3993965GH G 033wgds 1000 993HM98g, Mo 9babosmMgdl HBmoge 3odo@®
306Md90L. bemerm 1000 dg@®ob Bg3000 3H9d3gMHo@Os 30mbGH0bab@owmmemo @odol
3000353H0L ©adsbslosmM9dY0s.

5FoMol  Fm0sb  BHyMoGHMM0sbYg,  93MMmINEGHOHIdoL LoMOdM®O
OO MB39wYmzowol  gobloBrzmolsmgol  dgodwgds  godmygbgdmo  0gbsl
LOMOMMO M HOHWH39WYMAOL LO3OHMYPBMBM MHYAMILOOL JoBEGHMMYdS:

bomoem Y T=-12.7n+3748

396¢™mgdgddo YT - LodOHMabmbBm 3Hgd3gmo@Mol xs805 EMINSTMNMO 35960l
Lodmoem 393396M5GMol 10°C-0l Bg300m oozl MsMmOMOEsH, n - Egms
Gogbzo 1 - my09M3woEsh  3Hgd3ghod ol 10°-0b  bgzom  gosbigerols
056M0059©Y).

1539393930 39MomEdo  dm3gdo  Lomdmmo  BOHMB3gymazol
36bmbol  IgomEL  Logwdazws I3l 3930060, MHMIgwog  SOLYIMBL
©EIVGNOH0  359M0L  LsdMsEm  3Hg839cmo@Mol  10°C-ol Bg300m  gosbgerols
05600LS S 392939300L LEIO®OM LOMBML BHoMEYBMBIL FMEOL (35900l LETMoEM
39939650l 10°C-0l B9g3000 25000130l MM0LOl YIHoL Halo ob. yGmool
69300608 LoMdMMO  NHBOWD3gEYgmAol  J39009300). 90boTbMEO  3BIMABMBOL
99000mL  365d3H03mwo 3608369wmds 5d3l. ®oysb 0go odwmgzs Lbgsalbgs
3OM3NEGHMOOL  Lomdmmo  MBOHMBlgwymgzgol  Imbswmbgwo  306MmdYdOL
99850900L  LoFNOgdsL.  Fogowoms,  80dobsty gl 3OMabmbom
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3993965GM0L %530, ) Bsd ™y dgG0 50IMAbEYds, 535D Bosagols s
35960L  39b0sbmds Tgbodsdolbo 0db6gds, sLgmo 306HMIYO0  3MEEGHMIMHYOOL DO~
3963005609056 5 3OMPOMIBHONMIL MBOM  gosIxmdJLgdL s 3060Jo0.
BobobBg 3.1.6 dmygzsboos  5@GIMBGRYOHMo  Boergdgdol  aobosfowrgds  mdo
3960m©Jdo.
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Bob. 3.1.6 5@mbggHYIeo bogngdqdol xsdqdo (30)

Fig. 3.1.6 Sums of atmospheric precipitation (mm)
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Fig. 3.1.7 Average air temperatures
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Fig. 3.1.8 Sums of atmospheric precipitation (mm)
530 3IMNEGH?IOHJOOL BOHO-gob30m6M9doLIMZ0L }H9d3gMHoEHIOOL X odmsb ghmo

QOO MM 5936 5EHIMLGIOY B5¢gdgdl. Fom MoMIbMBIBY S Fobsfowgdsby
9600369m3bs 9GOl ©sdM309do  Bgbom MBEOWMBlgymas. Mgaombdo
fwomco  5GIMLEgOHEo  Boewgdgdo  Jo@owdmolindgh ©s03306M390s 800 93.
BMyx IO, 0¥ 3900Mm©T0 5BHIMLRIOMWo bswgdgdol Mrom©gbmdsd s Fomds
3M5mobodsMTs  2obsfoergdsd,  Fgodwrgds 3960  MBOWB39wyml  boswaydo
93965609900L5mM30L LyFoOM FHIboL MoMmEYbMds. 50b0dbIol Fgys© Fgodegds

99



399396bgls 3396569900l b0 45630m56M90s. 3bOOdo 3.1.19 dm39d)Eos
6930mbol 80560 BHgMoGHMOHOo0L Mdow 39M0mEdo 5GIMLGYOHMEo Boergdgdol
90%-0560 BEOHMB39yms.

3bO0wo 3.1.19 5@mbggHIeo bsgngdgdols (88) 90%-0s60 BOHMb3garymazs

Table 3.1.19 90% provision of atmospheric precipitation (mm)
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Table 3.1.20 Main agroclimatic characteristics in the warm period (IV-X)
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Fig. 3.1.9 Average air temperatures
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Fig. 3.1.10 Sums of atmospheric precipitation (mm)
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39535L900Lsm30L,  A99bsEO0BYIMWos S 9FT5390E0s IO (KOO
393H9MOMMYOMOHO 933060390505 8Mmbo398900, BsOE MOOEO 39MHOMPOLIMZOL
000896005 53MHM30dsEMo Jsbslosmgdwgdo (gbMowo 3.1.22).

3HO0wo 3.1.22 JoMH0mIEO 5MMIE0dod o Fobslinsmgdwgdo mdogr 39Hom©do
(IV-X)
Table 3.1.22 Main agroclimatic characteristics in the warm period (IV-X)

59BHoMMo 5GHIMbBOHWY- | 3596H0L

&993965@ 9~ SNOItelelole;
28(28(0_ 6ol xsdo <o A96056mds 303
0560 (>10°C) bocogdgdo | (%)
(99)
Lohbgey 3730 460 72 1.2

3b®owdo  ImEgdmwwo  5MH™M3w0do@OHo  FoboliosmgdEgdob  4sdmdobamy,
B0 09990l bsfogro, bsllosmgds bmdogho GHodol 3wods@om. dmEgdme
3060009030 dgbsdergdgaos gOmfHerosbo (FsGE3w gm0, dmbEbgmw-dswhgwmwo)
@5 IM935¢ferosbo  bgbowmgzgsbo  3Mw@EHemgdol FoMdmgds. 30OMMYOHIMWO
3099%3030960L  (1.2) LodEoMol godm LsFo®mm 0dbgds Bossydo  FH9gbosbmdob
39000©Y09, 39 GHYIMJIOL )3939L0 3OMEYJEHO0IWMDIOBSMZOU.

38002¢0005¢91%0  b2b0M98s.  SxMMIMGHIOJOOL  BOI-396300056090sLS o
36MHMOIGH0MXMIL JOM0MOEIE JoBLLDBPIZMH3L saMMI0TsG M0 MYLMLYdOL
98393GMOMS©  259Mmygbgdsl. 599sb o9mIobsMmg, LoFoMms s3MmM3IMEHMMIOOL
6530Mbs Mo 239653 9ds, oo 92MM3E0d5EH OO0 399 BHMMgdol
dmmbmzbowadol  dobgz0m.  90bodbmwmsb  ©@s3953d0Mgd0om,  SgEGHOO

99396536505 X9ALd @S 153929G930™ 39M0MmEAo 5GIMLBYOHMEo bogrgdgdols
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X500L  om35wobfiobgdom  godmygmgzgoos  0dgMgmol  Jmosbo  FHgMoGmMool
52MM3e0d5¢ MO0 Bmbgdo [58].

I - Bmbs 9gds6MgmdL Be.combosb 1000 3 LOTosMErgdYg. SJBHOME
399396sGHMEoms xsdo d9500y9bL 2000°C s IgBL, SGIMLBYIOHIo Boergdgdol
X500 (303 39M0mdo 9950p9bL 600-750 33, Mdor 3gMomdo - 640-850 0. dmerm
0594063900 ©503306M390s 2.IV-18.1IV, 306390 {oyobggdo - 31.X-18.XI. ¢gobzm
39600l bobyMdwogmds 99opqbl 185-231 ©Egl. Bmbsdo  Fglodwgdgeos
0503309 ol,  dmLEbgMwol,  39Bol  (LosGgm  x0do),  bgbowwmgzsbo
390 GOGd0L bMOIo Mo 496300056M9ds.

II - mbs gMEgwgds 1000 9-sb 1200 3 Lodswrgdg. SJBHOME
3993965GHEoms xsdo 99ogbl 1000°C s dgAL. 9@GIMLBIOmo bogrgdgdols
X500 (303 3960m©do 600-700 30 s dg@0s, bmwm mdow 3gMomedo 900-950 da.
oM {oyobgzgdo dglodengdgeros 23.IV-1.V, bowem 3o0639mo (oyobggdo - 17.X-
27.X.  wyobzm  39M0m©o  Fgoa9blb  Lydmowm 176-188  ©©qb.
92MMIMEEGHIMHJO06 d9L5dgdgE0s 056330990l 39OGHMBOOU,
0mbE69Mol, BMmYoghmo Lso®mgm bgbowmgzsbo, 39630m3%60 3MwEHm@9gdoL
fom3mgds. 51939, I9EbM39wgMBOOL Lsm0d-LodM3MIIOL F563005M9ds.

III - Bmbs 3M3E9wgds M9g0mbol 30Ol BOHEOEM-50dmbsgzegmom
©5 9930006 9L  LEABOJMOm bE. Mbosd 1200 I s Bg3z0m. SIEGHOMO
39939M5G G K530 dwoge F99306M90me0s s 9950y9bL 1000°C s 6530gdL.
Boangdqdol xsdo 303 39M0Mm©do ssbermgdoom 800 33, mdowr 3gMomedo 1000 -
000g. dmwm {ogobzqdo Imbormbgwos 43006 5.V, bmwm 3o63zgwo fogobgs
b5305m© Mg 13.X. vgobgm 39MH0m©olL bsbaMdwogmds 89oagbl 158 ®qU.
Bmbsdo dglodengdgeros 493039l 39ML3gdGH0o dmbGbymewo, 396360m3560

3MGHMOM9d0,  d9g3bmzgmgmdol  [3bosbo  Ls339d0  doMbgzgbgdo,  s3Gmm39
d9L5dE9g09g 05 Bs0d-LAMZMJIOL BIMCM® A963056ds.

05 Fs-egBbmdo - 43900 Lgsbgmols Mgaombo

Loobmomo s (996000 #ybGIb39crymRs. ©5Fo-wghbdo - Jggdm 13s6gmols
0930060 Mo JNsmOm0sbo Mwogz0m bsbosmgds (3539, 8mgdo, dmol
39HOMBY00, bgmdgdo). MHga0mbo BE.coMmbosb 800-1000 9 Lodsmergdg BmdogH
3WodGHME  3060Mmdgd30s, Bmwm  50bodbwo  Lodsewrol Bg300m  Q5OOL
30630696 GHom0 3e00dsEob Bmbsdo (035300 3w0dsdmo Bmbs). gsMgdom
935360  3w035GMMH0 S OO  (HIWognBol  30OHMBJO0B  258MmIobscy,
Lobimgem-539M@Mbgm ©sb0dbMwgdols dofiols Logstmymmgdo d30Mgs, MHOL M3
Lol 99m@Mbgmdol  3M35dbMH0o30  cRol  0bGHIbLoMMo  gobgomsmgds
99DOM©OIwos.  09bgsgzs@  soby, o Fglsdsdolo  30MmMdYdOL  dobgzom,
05993960 3MEGHMOGO0s 35D0 s bgbowm3zsbgdo, oM 33wMm3560, doMOMsI©

105



Lodobo s 356360, 5BOL 3NWEHWMOL 25630005MgdOLIMZOL byElisgMgEo
605002 M-30do@GMMH0  3060MdYB0s,  JOMOMOIEIE  doL  BgMHEMOYObY
b0.0Mmb0sb 800 3 LodseErgdEy. Bmyogmmo xodo bE.combowsd 1500-1600 9
LodoMgdEg 3MEIWEIYds. bOowdo 3.1.23  dm3gdMeos 35900l Lodwogrm
3993965900 mdow 3gMomdo [14, 21, 59].

3bOowo 3.1.23 35960l L™ 39339M0GIMYd0
Table 3.1.23 Average air temperatures

39 900,°C
9900-306dd0

v A% VI VII Vil | IX X

50s5do (393960) | 8.8 135 (167 |192 |196 |160 |115

wqbBgbo 93 |144 |173 |202 |201 |158 |103
@bo 98 |143 |175 |204 |203 |163 | 106
Bmg0 38 |96 |128 |156 |156 |11.4 |66
badobogagro 51 |108 |138 |166 |174 |135 |81
(59dMME5©0)

ba®ao 55 |117 |150 |176 |176 |132 |82
(59dMME560)

35960l LsdMom  EEIVSINOHO  3gddgMoGMgdol 33Wwowgds s Jobsfoegds
B0.0Mmb06  LOToMEggdol Fobgz0m, LogMMOEPYdIMS, MEYD  ©0bodbryem
LooMWYgdBg  IRMABYOME0s  MYRoMmbol  ®o0Mmbgdo O LmBWgdo, LSS
3HM36OHMBL IMLobEgMmds, MHMId0E JoMH0MIIE ©LJIGOMWO 56056 Lrgwol
99996 gmdoL byd@MOdo. 5d0G™I, LobvMZ9W0s 359MHOL Bsd M 3gd3gMSGIMIMS
35bsli0s0gdgdol 3Ebs, M3ms TGLodsdobos 0465l 4s8mygbgd o ybmbgdol
399396053HEmqd0  LodMdomms  989JGHMMI© BoGoMmgdol FoBboom. Bs39a9GEO™
39600030 Hgdmsmbodbrwo 39d3gMo@MMgdo Bs385MmE 3909 M HBOMb3gLYMAL
oM 33egeol  (Lodobo, bMOBs0o, Jgho, 8360s), dMLEHDbYMW-d50BgMEOL,
35%ob (800-1000 8-00g, LsGMowMm s bysMgm x0do), bgbowmgsbo s bbgs
3990 GIOGO0L 2563005609dS.

MoFo-egBbmdo - 4399m 13sBgMOl MgaoMbols Jmosbo Moombgdolsmgzols
3OM3NEAHMOJOoL  LOMIMMO  MHBONMB3JYMBOL  3OIMABMBOL  3ModEHo3wo
2990g9b930Lsm30L Tggboos MgAMILOOL F9BEHMEGdgdO:
50dOMWsmGmo Y T=-12.4n+4438

wab@gbo  YT=-14.5n+4176

®mbo >T=-13.9n+4220
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939999 2963 Mg39080 YT - LodMmMAbMBM 35900l 3H9a3gGod ol xsdos 10°C-
ol D930 35LZWOL MMHOYOED, N - EEIMS MoEbzos 1 - MYdYM3POEI6
359600L  399396sGeol  10°C-0l 93000 25sLZWOL  MIMOPOL  OYRMI>TWY
(35960L  LodMowm  3Hnd3dg@s@mol  10°C-ob  Bgz0m  25sLZWOL  MSMOMOL
©503960L {glo ob. 3Hool Hgu0mbols LomMdmmo MHEOWE39wyMmaol J39me3do).

33OMINWEHMOHYI0L  FoMdmgdolomzol  36odgzbgarmzsbo  Hmewo  5JaL
0GHIMbBgme  Boangdqdl. 9bodbmwmsb  ©s393d0Mgd0m,  Fm39dE0s
3GIMbRgMMEo Boergdgdols 30535000 9@ )mOHMEMA0IOH0 533060390900
05639690900 mdo 3gMomdo (gbGowo 3.1.24).

3HO0wo 3.1.24 5@3mbggHwIero bogngdgdol xsdgdo (3d)
Table 3.1.24 Sums of atmospheric precipitation (mm)

39900
39G9-3bgBo

v A% VI VII VIII | IX X
393960 111 113 114 90 87 110 122
wab@gbo 106 109 111 93 83 106 118
mbo 84 103 98 80 79 86 98
dmgo 101 122 114 91 92 102 118
53350 177 215 202 164 163 177 202
by 110 134 125 102 101 109 126

3BHAMLggemwo  bswgdado mdow 3gMomedo (IV-X) 800  0-sb 1200 9
10Bs0E8Y FoGHMEMBL s BsdsemeE 800-900 93 Fgoabl, 303 39Momdo
(XI-IIT) 550-600 33. 3399w Lodsmergdwg LE3939BEOM 39OH0MET0 JMEGHMOIO0
LOHMos©  YOOHMBIgEgmBoos Boergdgdom o 9 LoFoMmgdgbh boswsydo
53539000 3H9bols 4oBMEsL. 1200 3-sb 1600 3 Lodswergdwyg bosggdgdo Mdow
5 (303 3900M©Jddo mEbsg 30gdMdL s F9o9bl 700-800 93 s 500-550 93,
99L50530L5. $0b0dbMwo Bswgdgdo Mdow 39MH0MET0 BOIEOSE 5305YMBOWIOL
0503309 ol, dmbGHbyMwo, JoOEMBoEoL, bgbowmgsbo s bbgs dgbodsdolo
3990 GHIM9O0L bMGOIs M 45630005609050.

0do 3gMhomedo 1600 39-sb 2000 8 LodwEgdg @S Bgz0m bogngdgdo mbsg
FoGHMemdl - 800-850 83. 50bodbme  LodsEgadHg  Mdo  39MHom©do
LogoBo@bmmm  bmMdogool,  Jgdol,  d300l,  dmLEbyMwOL,  saMmm3Y
J93b™M390gmdol 1533900  doMbgzgbs  3MWEHMMGIOL S LEMOBd-bEIMZGIMGIOL
396300056900L5030L bgeboy®gwro 306md900..
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6930060l 800560 Hs0Mbgdol dobgwz0m, B53939BO30M 39M0Mm©OLIM30L
3b®owdo 3.1.25 dmEgdmwos $@GmbggOemo bsgngdgdol Mowgbo - 10%-00 ©o
md3o6mgLbo - 90%-00 HBOHMb3gymenqdo (30).

gbdowo  3.1.25 5GHIMbygemwo  bogwgdgdol  (89) MHBOMBlgymas  mdo

3960m©do
Table 3.1.25 Provision of atmospheric precipitation (mm) in the warm period
®399%0
9939m-399644H0 | 10%-om
v VvV | VI VII | vl | IX X
@50E530 176 | 164 | 168 | 170 |136 | 188 | 200
mbo 118 | 132|132 | 133 |128 |129 | 165
dm3o 154 | 180 | 169 |162 |192 | 147 | 215
bgoo 168 | 167 | 157 | 142 | 150 | 180 | 253
90%-o0m
@50E5d0 46 56 |54 26 39 39 41
mbo 36 56 | 49 26 30 37 27
dmgo 44 63 | 69 42 45 52 49
bgOS 31 46 | 39 27 40 56 45

3b®owdo dm39dmwo 3mbszgdgdol sbseoBol dobgzom, Br.combosb 800 0-
56 1200 9 bLodseErgdy boergdqgdol Moglio - 10%-00m s MBzocglo - 90%-00m
05053054MBOGIWI©  5MOL  YHBOHMBZgYMBOWoO. o5  9ROMIMNWEHMMJI0 M
UsF0MM9d96 ©ToEHIO0m FMOFY30000 VMBOLA0YIOL BoBEoMgdsl (Ers0wsdo, bgMs
@5 bbgs), 0mdEs Eowzdgmer (ergddo (335¢03s), 890degds LsFo®mm  asbgb
dmbo3e0ol 9656mBmbBgdolom3z0L. 1200 3-sb 2000 3 Lodomergdg s V9300 BMbo
3093 NBOM 39m9LsE 9MOL MBMMBlgymzowo 50bodbmo Momgbmdol
Boangdgdom. o  bgbowmgsbo,  39b30m3560,  bm®dgmwo,  dmLEGbgMo

30GHMOHGI0L, SBg3g IYbm3zgEgmdol do®bgzgbs 3w EHMMGIOLS s LOCOd-
L5dM36M9d0L 25630056930LMZ0L BOYIEP0SE HT53TIYMBOEIYGDIEO 30MHMOYDOS.

GoFo-aghbmdo - dJ3gdm  13sbgmol  Mgaombols dJmosbo  BHyMoGHMMool
3MM30dsGH Mo OlOLgdol  FgBsbgdolomzgol  Msombgdol  dobgzom,
399650BgdMos o 3 F5390E0s  FMOZIHeoMEmO  F9GJMOMEOMAOIMO
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53306139050 dmbs3gdgdo Qo Domdmygboros 536OM30d5GH OO
35bsli0s™MYdW GO0 MBOEO 39MHOMPOLIMZ0L (sbGowo 3.1.26).

3500 3.1.26 doMH0mMI©O 53M™3e0d5GMM0 Tobolosmgdwgdo MdOw 39MH0Mm©Io
(IV-X)

Table 3.1.26 Main agroclimatic characteristics in the warm period (IV-X)

59BHomMo 5GHIMbRBOHWY- | 359M0L
3939™-3196430 S))?)ﬁsgﬁ);ggo <o g;:(i%i:;(:o 303

(210°C) Boangdqdo (%)

(99)

50530 2980 750 - 25
(323960)
wab@gbo 3030 730 74 24
mbo 3150 630 70 2.0
dmgo 1780 710 77 4.0
bsGobmgsewo | 2170 1300 - 6.0
(59dGME5©0)
bgho 2280 810 77 3.6
(59dMME5©0)

0800056 Mgaombdo 800 8 Lodspwrol Bgz0m 3HgddgMsGEOl xsdo I306MYds S
BMy090000  JNWEHMOOL  (39D0,  bgbowmgsbo,  dowBgmo)  gogMgwgds
5000965089 0BOMYds. MYI3s, SBYm T 30OHMBYOT0 39MRSP® Z0MIMIVGOS
15393 AMIM 5 BoRdBOBbMEMm bm®mdswo, JgM0, 836005, dmLEBByMwo s bbgs.
38M023e005¢9 1m0 bbo®98s. 1 - Pbmbs b®.combosb 800 8-sb 1400 49
L0ds0E98Y 8YIIYMOL. 5JEH0IO GJI3IMOGHIMMS Kxsdo 2000-3000°C FgoqbL.
5GIMbBgMmwo bosengdqdo 303 3gMomdo 550-800 d3-8¢gs, dow 3gmomedo 800
00-ob6 1300 88-8¢0g. dmem {oyobgzgdo ©s0330639ds Lodmswme 17.I1V-5.V,
30M39wo foyobzgdo - 9.X-29.X. 9¢g4obgm 39M0m©ol bsby®mdwogmds 9goygbl
bodmoemme 155-193 ©@egl. dm3gdme Bmbsdo dgbsdwgdgeos dsME3w 9ol
(b5398MmEYMAM, LodsBoxgbwmwm bmMdsw0), Lodobol 35HBol (LssMgm Xx0do),
bgbowmgsbo, dmbiEbgMo s bbgs 399 EMgdol 4o630m6090s [58].

II - Bmbs 3039w©gds BO.combosb 1400 3-cosb 1800 9 LoorgdyY.
3dBHoMe B339 Gcems  xsdo  99oagbl  2000-1000°C.  5@GHAmLBgGvIo
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B5¢09d9d0l X80 (303 39M0m©To 9950096l 500-550 99, mdo» 3gMomedo - 700-800
90. dmem §ogobzgdo ©s3306M390s 6.V-20.V, 306390 fogobzgoo - 23.IX-8.X.
wyob3zm  3gHomol  bobyMdwogmds  Lsdmowm@  9goygbl  124-153 L.
50bodbmem bmbsdo  Jglodergdgwros 9563309190l (bo390MmEYMI™M,
LogoBoRbNMM bm®mdswo, Jg@o, 83005), 35MEGHMBOEOL, dmbEGHbYMEo, 396360 M3560
390GMOHGd0L, U939 IgEbm3z9wgmdol 360560 bs33900 doMb3969d0L [ordmgds,
L5000-15dMZMYOOL 25630 5619ds.

I - Bmbs 09gdsmgmMdL be. ©Mbosd 1800 d-sb 2000 9 s 993
L0doEd®Y.  9JBHOMO  BHJI3YMOGHOIs xS0  1000°-sb  600°C-dgs. (303
3960m©do 69egdgdol Gromgbmds momddol 0yo39s Mog II Bmbsdos (550 89),
3b939  9bswmaoMos 0o mdow  3gMomdoi (800 83). dmerm  Fogobzgdo
9o m©bgeros 15305m© 33006 21.V-27.V, bmwm 3oM39wo fogobggdo - 15.IX-
22.IX. 2990630 396MH0Mm©OL ®gms HoEb30 59350 999306093 9os (110-123 ).
bmbsdo dgbodergdgos 20303909090 0gbsl 39ML39JG0wo dmbGbyMwo ©s
396360m3560 3w G930, HMIId0E POTMEPO0s Forsdmol 30MMdJdT0 o
00¢93096 F505EbIMOLBOsE Tzl (vaEbm bbgero, s6obs, JoMGMBowo, Jo30
dmbsto s bbgs). 39ML39dGHoMwos dgabmggugmdols (i3bosbo dombggbs Ls3zgdo
3990GHMOOL BoOOM® 3963000560909, 515939 Lo0B-LoAMZMFOIOL QOBIGIMYDS.

1539 Mgem - Bgdm 1336900l Mgyombo

boodmomo @s 996000 9b6G9639¢79mxs. Ls3gAOgwm - Bgdm 13sbgmob
6930mb0 bollosmgds 800560 s Fowsedm0sbo (Br.combosb 2000 3 s 9@
L0doEqbY) OgEogBom. Bgdm 1356900l LETMOEIMm s FosEFM0BO 5O GdO
bmdogho  ©d  3mbEGH0bgbGHIMmO  3wods@ol  30MmM09dT0s,  MMIWOLMZ0LS3
©535bs050190905 BMT0YIMSE (3030 WS 3030 J0TSE0, M350 BTN o
b56dm3wg Bogbmo, dgLsdsdols.
90mbL LemEEol 39MMHbgmdsdo gMmfierosbo s FMszs5eferosbo 3mMwEmEMgdol
§om3mgdol IbMog J399bol dslid@s000m 0O b3g®mOomo oo 5d3b. do0sb o
050580056 3003900 1o3TOME 39RO 30005MYds  FoM(33eGM0,
0mbGbgMo, 3mbEH0bIbEGHIMMo bgbowmgsbo 3MwEHMMId0, J9OGHMBOWO O
31939 Lo0d-boAMZMGdO.
LodgaMgam - Bgdm 1b356gmol MYROMboL BHIMOEGHMOM0sBY 359MH0L H9I3gMoGIMOL
239650 gds ©sdM3009d0s G530 D30l Loobemggls s MYE0gxzOl BMOAsDY.
533003903505  BoboEngdoll  sbsgrobo  g30839693L,  OG@A  3Hgd3gM0deS
B0.0Mmb0s6 Lodswols Fglodsdobo 396MmbBMA0YM© 30gdMEMBL, GMYMOS
Bmdog 3000d5EH«6 (1000 3 LodsErgBY) 51939, BgIm bgsbgmol 3MbE0bIbEH IO
3wodsGe  bmbgddo (1000-1500 8 s dg@o Lodsewgbg). gbGowdo 3.1.27
90390905 35960L LTS 37d3gM9EIMYO0 MdO 3gMomedo [14, 22] .
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3500 3.1.27 359601 bydMsEM 39396M5FHIMJO0
Table 3.1.27 Average air temperatures

39 900,°C
d9G9m-3bgBo

v A% VI VII VIII IX X
9B (BgLE0o) 5.9 115 |144 |172 |170 |126 |77
@90 42 |93 [125 [151 |153 |120 |75
(B6(300)
dgLBHos 5.7 108 | 138 |16.6 |16.1 120 | 6.8
bsodo (IgbGos) 10.7 | 153 |182 [207 |207 |168 |11.1

Lbodmoenm  dmosb  Bmbsdo  bw.ombosb  1200-1300 3 Lodswergdy,
3993960GHegd0  (11-15°C)  a5Bsxbmwbg  bgwloghgwos  dglsdsdolo
390GHMOGPOL  Mglzols s 3929G9E00L  bMMToGs  HomBsMmzolomzol.
Box3bdo 3MWEGHMOHIOOL 5gBHOMMO 3929G°300L 3960Mm©T0, GH9JI39MBHWIMHJdO
(18-20°C) LOHME05© 353054 B0EGdI0s F39bsMYJMS HBOW-29630005MFdOLS s
3505¢bsMOLL0sBO  IMBOZ3EOLsmM30l. FosedmM0sd Bmbsdo bE.combosb 1400-
1500 0 o 993 ULodswgdEg 39d3gmo@memgdo  (6-11°C)  gsHogbmemBy
5053054 530909wos  Iglodsdolo  3MeEGHMHgdol m9LzoL, s©0dM(3gbgdols s
396300056900L5m30L.  Bogbdo, GHgddghedmegdo (14°, 17°C) bgedgdfymdos
956339 ol, dMBEDgMEOoL, 39OEGHMBOWOL s  39630M3560  3MEEHMMYOOL
0963mgd0oLOmM30U, 53M9039 Bsm0d-L5dMZMGIOL AOTBIOMMIOOLOMZOL.

b539aM9wm - Bgdm b3sbgmol Jmosbo FGHghodmemool Bs3939E°30™ 3gMomdo,
3MM3IMNWEGHMHJOoL  LoMmdmmo  MHBOW639wYmBolL  3OMABMBOL  3ModEH03Iwo
2590g9b930L 135¢LsBOHOLOM IM TS MHJAMIBOOL QobEHMEGdS:

dgbBHos  >T=-20.6n+3420

939099 396G™@g0530 YT - LodMHMPBMBM 359600 FH939MsE¥IMHOL Xs80s 10°C-0l
93000 3oIB3E0L  MMOYOEsD, n - EIMs Gogbzo 1 -m7ydgM30EIb
399396530l 10°C-0l Bg3000 2ool3Ol  MsMOPOL  IYMTsTY (35960l
Lodmoem $9339Mo@wmol 10°C-ol B9300 goolizgeols Mmool sygbol Falo
ob. Mmool Mga0mbol LoMdMMO MBOHMBIJYMROL  J39m5380). 3MMABMBOL
990965 9056 Bmbsdo  Fglsdemgdgeros doolol 30639 Y3930, braenm
9505w dm05b0 Bmbolismzgol Fosolbol Fms MoEbzgddo. 3MMbmbol Fobolifotrmds
000056 @5 Bo0odm0sb  Bmbsdo  Fgopaabl  4-5 39, 2oBLEBOZOWMWO
Lo3OMEbmbem  H9d39MsGHOOL X980 Lodogdsls  5dwgal  saM™me3gMHTGOHGOL
90006569 153929G°30™ 3960MmEAo  Fgoxsbmb  saMMINWEGHWMHJIOL  LOMdIMMO
00ON6399MBo.
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53OMIMEHOHYO0L Fodmgdols s dmbogerol 3mMmdomgdsdo LomMdMLMSD
9Omo© 9600369cMm356 MMl SOl SEGHIMLGRYOIo Boergdqdo. my3zysgL
930mbol d0sbo  BHgMOEHMMmO0L  5GIMLGIOMEo boggdgdols IMsg35wfeom®o
393H9MOMWMYOMGHO 533060390900l dMbs3dgd0 Mdo 3gMomdo  (EbGowo
3.1.28).

3HOowo 3.1.28 5@mbggH o bogngdgdols xsdgdo (0)

Table 3.1.28 Sums of atmospheric precipitation (mm)

®39 900
999m-306jHo

v Vv VI VII VIII X X
d9hm 80 102 87 78 78 85 112
9056 174 175 178 149 135 151 190
(856 @300)
dgLBHos 83 90 83 81 79 80 101
bsodo 96 101 108 102 97 112 143

000056 5 350N BMbsdo bogngdgdo Bsdms®do, Ms8gbsdg bozergdos
230D5g3bol  bsergdgdomsb  JgoMgdom,  slg3g  Bogbuwol  bowwgdgdogs,
090mamds®y 30 boargdgdo  FoGeEmdl  LyBmbol  dmEmdEg.  Mgombdo
Boangdqdol Abgargemds s 3500 M3MEYbMds sdobIL0sMYOYE0s Fglodsdolo
A9b0s60  LMBGHO™M303Mo  300TsGHols s dmosbo (700-1300 8 B.combosb)
Bmdogho  3wods@ol, 9309039 300560 3mbEH0bgbGHIwMMHo  300Tdo@ob.
LodgaMgem - Bgdm 1356900l 0o BHIOOEHMOOOLIMZOL TM394s3l Boergdgdol
10% g5 90%-00 *BOHMb3gym3900, IglEHool dogowomBy (bMHowo 3.1.29).

gb®owo  3.1.29  5GHIMbygermwo  bogwgdgdol  (83) MHBOMBlgymzs  mdo
3960m©do
Table 3.1.29 Provision of atmospheric precipitation (mm) in the warm period

®»399%0
39%9™-3mb4BHo | 10%-om

v v VI VII VIII | IX X

8LE0s 128 [130 121 [123 [135 [133 [177

90%-0m
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3gbEoo 30 (42 [40 [41 [29 [39 |41

3HO0OolL 565cr0HB0L godmIE0bsdy, 45BIRbLMDBY 5EHIMLGIOHYIo boergdgdol
MEOEILO  MBOYD39wymes 10%-00 9649 9sb3gmMEgds gMmbgw gmgger sm
09 do, 93965601905 59EH0MMO 393939300L 396000 MmHZ FoMDMIL Bogbwyol
3GIMbRgMme 65¢ngdqdls. d9dmymdsbyg dsh3969degdo do@Ewermdl. dsdsbosdy,
dm39999o  Mga0mbol  BHIMoGHMM0sbg Moo (10%) s wmdgodgbo (90%)
Boangdqdol Gomgbmds 00O T5305YMBOLIGOIIV0S.

LodgaMgerm - Bgdm  Bzsbgmol  Mgaombol  dmosbo  BHgdoGmEmool
MM 30doBH M0 MHgLOLYdIOL  FOMOMOIPO  3565TYBHMYOOL  FgRsLYdIOLIMZOU,
650mbgdol Jobgz0m, PosbooHgdmwo s ©sdFs390IE0s I35 MHO
393H9MOMWMYOMOHO 53300390505 dMmbs3g8900 MO0 3gMHOMPOLIMZOL, LOS3
3000m9OM0S 530 3035EVIMH0 Tobsliosmgdergdo (3bMHowo 3.1.30).

3b®0wo 3.1.30 JoMH0mEO 5MMIE0doE 0 Fobslinsmgdwgdo mdor 39H0m©To
(IV-X)

Table 3.1.30 Basic agroclimatic characteristics in the warm period (IV-X)

59BHoMMo 5GHIMbRAW- | 3596H0L
&993965@ - SNOT(ytelelele)

20%3(0_ 6ol xsdo <o 396056mds 303
0
%90 (210°C) boamgdpdo | (%)
(89)

d9hm 2180 620 - 2.8
9056M©Y 1780 1170 76 6.5
dgbBos 2040 600 72 2.9
bsodo 3290 760 74 2.3

3b®owdo dmyzs60o Fsbsliosmgdwgdo HBmdogho (bsodo) s 3mbE0bybEIwMMo
3wodsGeo  (BgbGHos)  DBmbgdolsmzol  sdsboliosmgdgwros.  5©0bodbeo
32MM30T5GH MO0 Bobolosmgdgdo LMY 353d59gMBOEGdJ0s HBMTogH
308536 Bmbsdo oM33wgeo bgbogm3zsbo 3Mw@wcmgdolbsmgols 700-1300 9
LoToM9dY, S53MgM3g 3MmbGHBIBGHIMEG bmbsdo FsiEzawgmeo, 39b30masbo,
d93b™M3909mdoL §3bosbo doMbggbs 399G EMmdOLsmM30L s b500d-LsdmzMgdOL
396300056900L5m30L BM.cEMb0EsL 2000 3 LoTsmEgdy s Bgz30m. IMEgdwMEo
3b®owol  dobgzom, 9dsmEYdo  (A5OGH300)  500b0dbgds  Fomoro,
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30OMM)OIMNwo 309830309630,  Mog  2s0mfizgos  10°C-ol Bgz0m
399396sGHMEoms  xodol  Bogargdmdom, Mol Jggyo®  BYMbgds  Imbyero
Boengdqdol Lomobom@  smMmgargds. sdo@Emd, §ywol dswsblbog dgBos s
3530w 89000b39390d0, FoMdmgdw 3N dHYMIdbY Fgodwrgds sGLLYOZgL0
2393w9bs  3Jmbgl, 39Mdme, 939bsMggd0  FoMdo EHgbosbmdol yoz3wgbols J3qd
0gbgds.

38 M03¢005(H )0 bmb05985. 53MM3MGHMOHGOOL d93bogerws
©LOOMMPIMO  BMIsErmmo  BOI-29b30mMgdOLS s  domo  LmGo

239662900LsmM30L L3939 BEOM 39MomEdo 10°C-ob Bgz0m 3H9I3GMGVIMOLS O
3GIMbRgMMEo Boenrgdqdols xsdgdol Jobg30m, 2o0MYMBOEI0s 53MHMI0ToGIMO
bmbgdo [58].

I - Dmbs dmoEogl BHowmgmom d0dgdscg GH9MHo@mmost, bsodols s
905609l Bosmzwom. 0go 9gdsMgmdl Bw.mbosb 1000 3 Lodswrgdwy.
3dBHoMe  B9g939M0Geoms  xs80  dgso9bl  3700-2900°C.  5@IMlggMvyero
Boangdqdol xsdo (303 3gMomedos 660-990 39, mdoer 3gHomedo - 620-1220 0.
omm §ogobzqdo ©o03306039%s 30.III-11.IV, 3o63gwo fagobzgdoo - 1.XI-24.XI.
myobzm 39Mm0mEOl bsba®mAdwogmds F9ogbl 235-196 mgl. dmEgdaeo Bmbs
bgwboghgaos  dsM33egmeol, 35Hol  (bog3z0sbm xo0do, 800 3 Lodomergdwy),
39039dBH0Mw0s 350l (LosEMgm s Lda3056Mm  X089d0)  2963000569dS
b0.c0mb0s6 800-900 3 Lodswergdy.

IT - Bmbs 3gds0xmdl Br.combosb 1000-1500 8 Lodswgd®g. SJGHOME
39939O5GHMEsms x50 895096L 2800-2000°C-89. 9@IMLRgOYo bogrgdgdol
303 3960m©do 99oqbl 400-420 99, omdoer 3gMomedo - 600-620 dd. dmrm
05940635 50006036905 12.1V-25.1V, 30639 {oyobzs - 9.X-31.X. vmygobzm 3gHommol
boba™mdeogmds  195-156 gl 9o 96L.  sgGHovIm  GH9gd3gMo@eoms  xsdo
9905609000 653009005, 5d0GHM™I 58 HBMbsdo LOMIML IMY356MHI0 3 EHMOIOOL
0o68mgds 5809b500dg F9BOMOME0s. 53990 godmdobstyg, 9godwgds dbmerme
35B0b  Los®mgm x0dol 2530M3Egewgds 1200-1300 0 Lodsmergdg (LodbMgomol
39HOMBYODY), 930939 oM 33w Yol (bm®mdsro, JgMo, 9360s, F3530, LosGgM
10d0bO), dVEBJMEOL, 35OEHMBOOL, MBOOL s bog-39630m3569300.

III - Bmbs dgds6gmdL Br.combosb 1500-2000 3 Lodswergdyg. dm39dv e
bmbsdo  sg@BHoed  BHYd3gcodMoms  xsdo  dgotgs  (1900-1100°C  -8¢og).
5GImbRgMmwo bsggdgdo 303 39Momdo s0fg3l 870-1130 33, mdow 3gMomdo -
610-1130 93. dmem §ogobgzgdo ©s033060390s 26.IV-8.V, 3o6H39wo fagobgzgdo -
16.IX-8.X. ¢90b3m 3960m©ol boby®mderogmds 99509bl 155-116 mgl. dmEgdwyero
bmbol  3060Md9dd0 Tgodegds  LogoBIGbm  beMdseols, JgMol, T3Mool,
390GMB0ol, dmbEbYMEol s 39b3Mm3z560 3MEHMEMIdolL (G530 dmEbsco,
0Mmb0s, 95330), 9pM9m39 I9zbMzggmdolsmgzol (3bosbo Ls3zgdo dombgzgbgdol
0o68mgds, 515939, 99L5dEOYE0S B 0Bd-15dM3MJIOL 496300569ds.
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IV - Bmbs m300996Mm9L5@ Fo05¢00s, 300g0s6MHgMBL 5396 Dmbsdo 2000-2500
9 LodsE9gdY. 99BHOMO BH9B39MGHEMIM X9T0 593565 F9d30Mgdos (1100-
1000°C s 653e09005). 5@Inbggmemo boergdgdol xsdo 303 39MHom©do 995096
390-490 99, mdog 39MHom@do - 650-790 93. dcmem ogyob3zgdo 0330603905 7.V-
22.V, bogoem 306390 Fagobggoo 7.1X-15.IX. 8m399w0 Bmbs 800eosbs send
30009030 0994mx3qds. 5doGMa, 5 Igbodergdgwros Fo®dmgdmwo odbsl olgmo
Lobgmdol 399w EHMYd0, HMIYd0E b53gd 39a39GMsdEoms x5890l dmombmzgb
(1000-1100°C), 396dm@, Lss@MgM JsOEHMBOW, d36M05, JgMo s dmbGHbYMEo
30GMOHYd0, 939 396360m356900 (dsgo dmabs®o, J5330), TYEbM3z9EgMdOL
do6bz9bs 3 EHMMH9d0 s LHM0B-BsdM3MYO0. 50b0TbMO 3Hgd3ges@Esms KX sdo
Q93MM30905 B.coMmbos6 2100-2200 3 LodsEgqdDY.

3.2 3ods@ol (33¢r0egds: LogsGmgzguml smdmlbagergo dmosbo MHgyombgdol
5300300053 vM0 AsbslosmMYdgdo ©s BMbYdo

30008530l 196599MM39 MBS OTs 330 gdsd  LodoOmgguomls
A9O0GHME053 90335, 39BLOZMMMGO00  LosMM3gMl  sEdmUsgargom  dboMy,

boo@ 290Mm0339ms  (3gd3gMo@meol dgdo ds@gdol  gbwgbios. s0bodbmwmBy
30900908 M350 HoMEmO GG IMOMEMAO0MHO ©93306039d5ms IMbo39dgd0L
LEAOGHOLE0ZMMO  bsEoBo.  3E0doBymbogdmeo  bmgwol  dgObgmdol
36063039008 9m35wolfjobgdom, UBogzgygdogom  3gMomdo (gl 39M0M©O
239BLsBEZM3L  83gbsgms  BEOI-963000569dsL,  FMbogEol  FMEOI0MYdIL o
3601 BH0Mmdsl)  JgRoLgdmwo  0dbs  50mbogwrgm  LodsGm3zgml  brmo
6930mbol - 35bgmobl, d3bgms-000569mol, BsdEbg-xs35bgmol, J3gdm JoGomgrol,
dos  Jodmol  dmosbo s Fs@owdmosbo  Bmbgdols 32MM30d5GH OO0
obslosmgdgdols 330 gds  3WoToGOL MBSO QIMOMILMD
©5353306M9000.

300009090 J0560 s FoodM0560 MYA0MbBYBOL MM IEP0ToE O
398350900L50300, 258MmYgbgdMos s 53198539305 BogdoMmMZgEml oMMl
96Om36mmo  bosggbGml dMsgzswheron®mo (70 Harosbo) 808obstrg (LsdsBobm)
393H9MOMWMYoME  ©533003905ms  IMbs3gdgoo - 359008 30l LsdMowm
39939653 Em9do. 51939, ©FMT53900s  BMTsgwol  BEgbs®ol  dmbsigdgdo,
39939600GHmE0olL  2°C-o000  ToBgds  (2020-2049  {().), ©mIgrog  FomgdIE0s
6930Mbse M0 300035 MH0 dmgeom - RegCM-4 o Lm0 MH-930mbmdo Mo
396300006900L  L3gbsom - Al. yzgws Bgdmombodbmwo Mgaombols Bmbyddo
359M0L 3993900l >10°C-ob bgzom <10°C-0b 393000 3oolizePol MSMOWOL
503965 Fo0rdmgds Gglodsdolo gob@mergdqdoo:
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y=-2.4x+79 (25Dogbmwby)
y=3.2x-33 (999mpa0d>bY)

396¢™@gd9ddo - y 560b 9BsRbMbY s d90mEymds®y 3Hgddghs@meol >10°C-
ol bg3z00m <10°C-ob J390mom 2osligerol MoMOWYd0; X - FoBoRbMWBY o
390mamdsBg MO0 ™30L 96v) MoMMGMEo 308 BodeErm 3H9a39MsdMgdol
993609000 X590 (oboxgbmabg Fo6E0-53600wol, FgomEamdsty mddmddgm-
Bmgddcmol), 30603900 308 Lodwmoemm  3H9d3gMo@GMms bs ogmlb 10°C-%by
Bo3wgd0, dgmeg mgzol - 10°C-Bg dg@o [23].

990853900 b3gbsMom, $H9d3gco@Mol 2°C-00 do@gdolsl, 3s9Mol
OIOsFNMHO 308 LEFMPw™m  3H9a3gMGHYIMYIOL 3306300505  IMbSE)IGOOL
0b5Er0Boly s 3339008 F9IPO©, ©IAIB0wO  0dbs  QobogbmeBy
399396530l 10°C-ob bgzom s 999mEymds®g 10°C-ol Jggdmo dyMswo
239005L30L  MMOEYd0. JogIME MIMOMIOL FMMOL  2obolyBOZMS  SJEHOO
39939M5GH 505 %5990 5 153929GO30M 39MH0MEOL babyMmdogzmds.

LolMBEM-BsTGMObgm  3MWEHMOGOOL  bmEMToHo 49630056900~
36MHMOIGH0MMIOLINZOL  godmgmgzoo  odbs  saMM™m30dsd Mo HBmbgdo
b0.00mb60@s6 Lodsmwggdol dobggzom, F0dobstg (LsdsBoLM) s Imdsgwrol
L3965600L, 3H9339MoGHEMOL 2°C-000 doBgool (2020-2049 {f).) aomzscrolfjobgdoo.
50b0dbmolsmzgol  2s0mygbgdmeo  odbs  359MH0L  Lodwowrm  EMIMsdN©O
3993965¢m0ob 10°C-0l B9300 49slZWoL MMM, 5JEH0MO 3HJI3gIMHSGMEOISMS
X90900 (>10°C) @5 BL.0Mmbosb Lodsmwrggdo (d). EsdYsMYdEo 0dbs IFoO™
3MOg5309M0 353060900, BoobsE FgEIbowo 0dbs MgaMmglool gobEmewgdgdo:
n=0.029h+55 (1),

359600L 3983960 eol  10°C-Bg  gosl3Eol Mmool sERIboLsmZ0L
(LSBSBOLM);

XT=-30.923n-0.57h+6085 (2),
54306 3983905 IMsmMs X 5B0L FobLBOZMOLIMZ0L (LsdsBOLM);
n=0.035h+38 (3),

L(3969600, 3H9839MGHMOOL 2°C-00 B53H9ds, 3H9a39Mmsd¢Memol 10°C-Bg 2osb3wob
056000l oYboLsm3z0L;

>T=-44.25n-0.15h+6742 (4),
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b39BsM0, 3H7839MOGHMOOL  2°C-000 F5BHYds, SJBHOMO  3H9I3gOSGMEIMS  Ksdob
239bLsBEZMOLIMZO.

903390 296GHMgdgddo: XT - sd@ome G9gd3gMsdwcoms xsdos (>10°C), n -
QOIS MoEb30s 1 - 1xdgMH3woEsb HH9gddgms@mol 10°C-ol Bgz0m dosb3wol
50330l M0 Y; h - BO. MBoIL Lodsweny ().

39bgmol Ggaombo

6930mbl 3603369 mzobo  3mBGHbzoso  ooBbos  bLmyweols  3gObgmdol
35¢LsBOHOLOM. 9990 Q5TMIPOBIMY, 9GO MMOs A5BOLSDBPOZOHML M) Y™
39033905 Lobmgerm-bsdgmebgm  3MWEHMOGIOL  bm@Isrmdo bBOo-
3963000069001 5MM3E0TsGH GO JobslosMYOEgdo.  MYms  F9dvydsgzgb
693°30MMs© 3300 JOMOMIO  3RMMIW0TsEH YO0 Bobsl0SMYdIGOOL
393w9bolodo  dglsdsdolo  M93mIbsiogdo.  bMowdo 3.2.1  dm3gdeos
3obgool  dmosbo o Foodm0sbo  Bmbgdool  Lodsbolm s LEgbs®ob
(H9939M5GHmeol  2°C-ol  T5Bgds)  3om3swolfjobgdom  saMm3wods@meo
3sboliosmgdergdo [24, 25, 26, 27].

gb®owo 3.2.1 3obgmol dmosbo s Foswdmosbo Bmbgdol Losdsbolm s
L3965600L (39d39MoGH«MOL 2°C-0b B53HYds) FoM35¢olfobgdom s3MHM3I0ToEIMHO
3oboliosmgdergdo

Table 3.2.1 Agroclimatic characteristics of the mountainous and highland zones of
Kakheti, taking into account the baseline and scenario (temperature increase of 2°C)

=2 =22 = 2
c T c T S |2
2% |38Y B
c QD QDD ~ (o)
€ D3 D3 2 0
£) & g g
Bebs/ 5 2 S 2, % @)
2 S o S . SeE |9
b0.0Mmbowsb I - & g 2 YL € A
Loy (3 S EVE |EY& | 885 &5
09>y (9) 3 ESE | £2¢€ | IEL | HI
& B AE | BN 6 B8 | B X
900560, 802 Logo®gxm | 11.IV 27X 199 3440
Goddoobo. | a w |20V 20.IX 114 1498
1880
L(39656M0 (39339 9GHOOL 2°C-0b To3)ds)
domosbo Logo®gxm | 1.IV 8.XI 221 3890
050530560 | mTserm 22.V 29.1IX 130 1748
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3HO00sb  BBL, OHMI  QoBIRBMDBY  3gd3gMeGH OOl 2°C-00  FsEgdolsls
(Legbs®om), 10°C-ob Bg3000 goslgEol MsMoro 10 Eo® MY 0fygds,
090mamds®g 10°C-0b 4399mo go@oligers Lgbs®ol dobgzom 12 Eom 23056
Q5033063905 LodsBOLMLISD 39056M9000. 1539393930M 396H0M©O
239b563Mmdw0390wos 199 ©od 221 ©EYdEY, 9.0. 22 oM. 53 Tggbgds
39939O0GHMEsms  xsdol  33w0oegdsl,  2°C-om  35@gdolol s Gome
3993960GHMGroms  xs0d>  890dewgds  dmododmlb  450°C-om.  s©bodbwmwo
obollosmgdgd0Eb  9dmIobsdg,  dmosbo  BmbolLomgol  dgoddbgde
bgboy®mgeo 306Hmdgd0 bbgsalbgs Lobgmdol Lobmgwm-bsdgMMbym 3 Ewcol
2396300006900L5 S 293039 gdOLIMZ0L,  BosIROL  TgLodsdobo  FHYbosbmdol
d9dombgggsdo [60, 61].

85050056 BMbsdo 29BsRbMbY, LEgbsMom, Hgddghsdmeol 2°C-om
953)900LoL 10°C-0b 9300 25LZWS 7 ELO? SEMY 0fjygds, bmerm F9dmmdsHy
10°C-0l g399mm 450s3ws - 9 @Eom 33056, FodsLosdY, 3939GS300L 39H0MOO
9boEMmEbgos 2obsba®mdwozwgl 114 ©0osd 130 Egdwg 6 16 ®oom.
5dBH0MO 3H98396M0GHMEsms X530l (>10°C) To@gds dmboermbgwros 250°C-8qy, Mo
39090 50IMBBEgds  953MMIMWEIMGIOLIMZOL,  LobmBErm-bsdgdbgm
L5gd0sbMmdOLIMZOL s Bbgs [27].

Jobgool  Mgyombo  359M0L  3gd3geoG«ymol  FoBgdol  BHgbrgbiool
300009030 034mx3gds, LESE BYI3IOSGMES LsdMsErmE IMToGHYOEos 0.5°C-00.
A530@™a, Im390mwo Mga0mbol 800560 s F90sdm0sbo BHgMHOGHMOHOOLIMZOL
235900gMmBO0s 53MMIE0d5EH M0 BmbYdo, GmymEE Lsdsbolm sggg, dmdsgerol
L3gbsMom (2020-2049), 3983965 1IMOL 2°C-ob o@gdoo [28].

I - Bmbs 3039qds 1000 9-sb 1500 8 Lodswegdg, BL.CoMmbosb s
903938 80056 BHgM0GHMM0gBL.  LEdIBOLM  5gBHOMO  BHgI3GMOEHIMOMS  XsTO
995099bL 2184°C. Lgbstom, 359600l 3H939MsGIM0oL 2°C-00 sBgdobsl - 2510°C.
50b0dbme 3oMHmdgddo 1300-1400 3 LoOToergdg dglodegdgeo 0gbgds 35Bob
BooMgM ¥00g00L 293039 gds. 51939, FGLsdGdIE0s R93MEFIXPEIL BMEOBEOL,
Jo6ob, 39OGMB0wolL, dmbEbgMmol, Lodobol 3MwEMMmgdo (Bbmewmeo 1200-
1300 3 Lodsegbg). dmEgdmwo bBmbsdo gooferosbo 3Mw@Ememgdol v39mglo
36O GH0IMd0LIMNZ0L, (35¢399 [ewgddo LsFomms Bs@om®gl 9MmKXGMHS©O
96935 5 6050l HBgs306M0L Qo53b309M9ds BHgbol Jgbs@Bmbgdolsmazol.

IT - Bmbs 30390905 B.c0mbosb 1500-2000 9 LodswergdEg s IMO(393L
050580056 BHgMHoBHMOMm0gL. 5dGH0MO 3HB39MsGHMsms Xsdo Tgoaqbl 1451°C
(LodsBOoLM).  L3gbsom,  BH9a3gesd ol  2°C-o000  do@gdolsal - 1663°C.
5GIMbRgMMwo bsgrgdgdol xsdo V-IX 3gMmomdo 89oqbl 342 99, sd@ovdo
39893%300L  (VI-VIII) 3gMhomedo - 265 80, bowm  300Om»ng6HI1wo
3098030963900 - 2.4 s 2.2 bsergdgdol Tgbodedobs. 8mEgdmee 3060Hmdgddo
d9L5dEgdgE0s BsdgdmEymdm bm®mdEOl 3w EMOMHOL o3MEgwgds 1600-1800 9
Lodowgby, bgbomgzsbgdol - 1500-1600 8-00g. sBY39,  FgLOIEGOYEOS
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39630m356900L s  Tgsbmgzgmgmdol  {i3bosbo  Lozzgdo  do®bgzgbgdols o
3L GHIOIOOL 3530390

III - Bmbs 30390905 bds3OHO BMbOL M0mddols Bgws LobL3™sd©Y,
2000 8-sb 2500 3 Lodoeergdg. dmEdME Fo0owdmosh Bmbsdo Lodsbolim
5JBH0MO  H9gd3oMoGHMEsms Xodo 593505 d9930M90wos 2500 3 LodosmegBy
(717°C, LodsBOLM), beagrm dmdozwol b3gbsGOM, 5dBH0MMO GH9A3gMsE ML 2°C-00
053)900Lol dmboermEbgwos - 814°C. o3 39OGHMTBOOL, dMLEBHBIMWOL, Jgcdol,
3d36000b, 390630M3560 3MEHMOHGOOL, 3Mbgeol, “g3em Joa3ol FoMdmgdolsmaol,
0Mgm39  d93bm3z9wgmdol  (i3bosbo  dombggbs  1533900L,  L500Bd-LsIM3MGOOL
2396300056900L5m30L  5M9MYBEOGMM0s.  BE.EMmbosd 2300 3 Lodosmegby
34306 39939M5GH¥6505 K50 ssbEmgdom 1010°C-8¢gs (LsdsBobM), 09d3s 50
39939653 MEmsDY3 50bodbmero 39 GHMOHJdOL 0o63m9gds Bogargdoo
36OMOIGHoMo  0dbgds. 00539 Lodomwgbg (2300 3) Imdszerol  Lgbstroom,
39939M5GME0L 2°C-0m  35BHgdolol  odBHome  3gddghoGeoems xS0
dmboemEbgmos 1153°C, o3 939009b0 046905 53 Bmbsdo Bgdmowbodbrmero
3990GO9d0L FoMdmgdolomzol. Bmbs os@IMbngewo bsggdgdol Gomgbmdoom

5 30006MMYHIMNWO 3m9803096GJd0L 35B37690Wgd0m ©sT5305YMBOMGDOYE0S.
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Table 3.2.3 Agroclimatic characteristics of mountainous and highland zones of
Samtskhe-Javakheti, taking into account the baseline and scenario (temperature
increase of 2°C)
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Table 3.2.5 Agroclimatic characteristics of the mountainous and highland zones of

Shida Kartli, taking into account the baseline and scenario (temperature increase of
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LodoMmM39wml 0o BMbsdo  MmMYsbmmo  Jofsmdmddggdol  Asbgz0maMgdol
016936030 93MPOIOHO B5esbLOL LormAzgEl HoMmBMmowqbl d9d3gbsMYMBLS
@5 9bm3z9egmdsl  meol  356Imbommo  sdM30YdMEgds.  5d9sb
2300m00bs6Y,  50bodbME  Bmbsdo  MmMsbme  F9m@bgmdgdL  gwyderosm
d06M0mO©O  LofoMmdmnm  MHgbOlgdom  Lo3Mmsmo  mszo  MNHBOMBlgEyml @
65309050 0g4mb sdM3009dwo 999m@Esbow bgwgmeby.

LogdoMm39wml ool BoOMMBYGOOL MO0 Iglsdgo 30056 s FosEdm0sE BMbYOL
139305, LooE dofiols LogaMrmgdols MAg@Hgl bsfowdg Br.combosb 1500 3
L0ToMgdg d03EObIMYMBL SaMMIMEEHWIMHYOOL 0bEHIbLOMGO [o®mdmgds. 1600-
2400 9 LOJ>gdEy) BW.EMBOIL FgBVMMWos FMOZSEXIMAMZB0 Lmgwol
990BgmdoL Fodmgds, 9969000 335300 3odoGIM0 3060MdJOOL godm. 59
Bmbsdo  53MmMIGBHIMOMEMYONE  BoJBHMMIOL  A5sdPY39B0 8603369cmds  5g3L
9MMIMNEHMOJOOL  BOEI-25630509d5Ls o Fosero  ImMLsgerol  d0gdsdo.
5d0@™d, 396ML39JGH0ME0 0bYMOo I3MWEVIMYOOL FoMdmgds, MMIwgdoi 59 bmbol
30000900530 M53EYbsdY 259degMdOL MBI 458m0MBY306.
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0505w dm056 Mga0mbgddo (3gddgMoG e, MMYMOE 39630msMgdol doMHomH©O
23963L5B3OIo  BoJBHMOMOL  Bo3egdmds 5935605 2odmbo@ o,  slgm
300009030  LobmB™-bsdgMObgm  3MWEHMOJOOL  BOHE-39630maMgOOL
92MM30doGH e Foboliosmgdgdl  30Mm39wbomolbmgsbo 8608369 mds  5g3L.
0d9006  250mAE0bscY, 2o3MEIWgdMwo  Mbs 0dbsl  obgmo  3MEEGGgdo,
O0Igdds3 M9 3o05MgL  2odmE3s  dm0sb  30MMdYdTo.  50b0dbM b
53938009000,  Lsd3bg-x935bgmoL  Mgy0mbdo,  LodsGmzgrml  39dbozmeo
b60396LOEYGHOL 300MMIgEHIMOMMY00L 0bLEGoGHMEOL 05053056
33MMIGEHIMOMEMA0O 05D5Yg (BL.oMmboEsd 2200 3 Lodsewgbg, G360
A0l Bobmdo@, Bobm{dobol IMbozodso@gdo), mmbo smgmwo Harol
0s6doebg  0bLEBHOGHMEGHOL  F93bogho  MsbsdIMMAgdol  doge  (9.3963E3999,
6.bGME03060, M.00MOBs60dY, §.99wsdyg, 3.00M5M5830¢00, .50, ©.5M3gWsdY,
9:3353963065d9, 8.99sdg, 9Ju396M039bEHo d5Bol bgeddwgsbgwgdo: ©.5396Msdy,
.35M©05030000, 5.00MEYS, .FgMOgmgwo, §.09¢05d9) GHoMYdM©s Lbadgsbogm
33193900  Lbgosbbgs  Lobol  Lolmgarm-Lsdgm@Mbgm  3MEEGnmHgdol  BMHs-
396300006905%9, dMbO3Eol BMOI0MGOsHY S oo Jodome T9doqbemdsBy.
330930l 3603369m356 JoBbl FoMdmoygbs Lsdbg-xo35b9m0L Fooedm0sb
Bmbsdo mGY6Mwo dofomndmddngdol bLobGHgdol bygmdzgeEbHY, 9J3MLMYOMESE
brgoo Lobimgenm-bsdgm@bgm 36MM©J@godol Do60mgdo,
33MMIGHINOMWMA0MO0  300MmOJO0L  Jom3solfiobgdom.  dmosbo o
050530560 BMbYdOoLMZ0L godmzmgbowo 0dbs 39ML3gJE0Mwo dmbEGbgmwo,
LBy M3z96-50MIs@ Mo, Lynmol s  dggbmggargmdol  §3bosbo  Lszzgdo
doMbzgbs (,379039”, ,,9U30”) 3MGHWOYO0, OMIWIdOE 29TM0MBY3056 Fowawo
bs6Hobbol s 30MmYdEH0IEmdol dsB39bgdegdom [74].

BM5360L6  9gb3gM0Tg6GHIWMOO  B3BOL  BHIMOGMM0s  BEYOIMYMOL,
B0.0mb0sb 2200 3 Lodsewgby, LsTbEMY0-ELHZ3EgMOL 9JudMmBoool 6°-8w)
5796900l BgMHEMIBY. 6050 3w 3bMmO [oMmBMTMOOLLS, A930(39YdNIC0S
Go30996mo  95300(9d0  [75].  50bodbMo  bosogo  boslosmgds 933039
9269350 8995089bemdom, LEHMWJGHMOME0s. ol 439w 3MMOBMBAEL od3L
93069  ImEMEmdomo  fmbs, o3 s0blbgds  bos@ogol  3mdmlLol  dswowo
0903390™md0  (6%-00g) ©@>  B¢H309M0 53909 gdom.  FodlodoErGO
30aMb3m3@ds  Bo38smE  dowswo.  89dsbozmEo  89dsagbarmdom  0yo
2396939336905 LsdMom  ®obbs booagdl. boswogol PH Lsdmswrme  7-ob
AMEo0s. bdEIwo 653390008 93MmwMmyoMo  Jgisligdol dobbom,  boswsyol
608939080 (bossgol Bgsdo®mo, 0-5, 5-10, 10-20 LA) goblsbrzmEos bygMom B
5430305, 800900 §9YR)00b  ©oEYR0bEs, MM MoEOMb3E0EIdO”
6050l ©s00BIMMGds o6 500b0oTbgds.  39Mdm, dorgdmwos  JIYO
95839b90gd0: gmbo - 0,58 893/(0, ™3wol 3mgxno306@o - 1-0,14 Bossyol
B9s306BY - 5,5 893/(0, 0-5 s 5-10 LA LoW®BYBY - 5,73 893/(3, bmerm 10-20 LI
LoE®IgBy 5,98 393/0 (100 6. BosIFDY 2909965000900 m). F5B3969d¢gd0
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d99L5053905 605sAOL dMBIdMHOZ3 BMbL. ddodg Wommbgdom s Bo@Mms@gdom
6050520 ©s30b6dMMYOMO 56 50U [48, 49, 50, 51].

050580056 bmbsdo mOobmeo dofodmddggdols DomBs@gdoom
2396bmME309w9dsL 3603369 M3bs goblabrzMogl saMm3eodsd Mo MalyedLldoL
6530MbsM0 958myggbgds. 50bodbmwo Bmbs bBoliosmgds dm3eng Bo3gRIGIGO™
3960m©om (bGowo 3.3.1).

gb®owo 3.3.1 Losgogwo  3Mw@MOHgdol  Bgbmewmyon®  RsHgdl  dmMob
32MM30doG M0 JobolosmM OO0

Table 3.3.1 Agroclimatic characteristics between the phenological phases of the test
crops

c
35960 3933960 Eo %
(°C)
e ~
8 | »
396 MY0MO0 BsHYOO [Chte Py MUl S= |
255 %
X ook, |asgy. | € &S | €
wm 0D |88
wbm Lybgero
09L35 - 503m3969d5 138.9 | 4.0 13.5 75 47
50dm39bgds - I §y. gmmmeo 1114 |55 15.1 74 25
I §9.3mmmeo - III §y.gmo. 68.0 5.2 15.0 77 22
III §y.3mm. - 5096905 216.6 |69 17.3 76 26
5096905 - Y3530¢Mdd 235.6 |85 19.0 77 33
43530ds = Qbeob Lol | 3565 184|199 |78 29
sbsfyolo
0gbeol  bodff. sbsfyobo -
563bBE0 bodFon) 4240 |5.0 16.2 75 60
LMBOHOL FoMbowo
09L35 - 500m(3969d5 168.0 |42 |15.0 68 54
0©dm39bgds - I §y. gmommeo 79.5 6.0 |16.0 69 23
I§9. gmormeo - 111 §y.3m0m. 77.3 6.0 |17.0 72 21
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L Yggoo. - 000b300000b | 1957 |70 | 175 |72 21
B0l sbsfyolo

900bg0bgd0b BOROL @G- = 1 gg9 1 |57 | 162 |74 117
335030960 bodfogy

Jo®o

09L35 - 500m(3969d5 131.6 4.0 |[121 71 67
50dm396909 - I §y. gmormero 85.4 6.7 |14.2 70 57
I §y. gmomeoo - III §y.3mo. 66.3 57 |16.8 69 9
I §y.53m0m. - 50990 1503 7.0 |[153 77 21
©50BJ9ds - 509D 83.2 8.0 |18.0 74 20
309693 - 053905 211.0 |87 |187 76 19
Q03m3ggts - GIOLROO | 4150 94 | 205 |80 43
Lbodfogy

Odobgb®o  Lodosy | y990 |50 [190 |75 31
(330¢0LgdM0 Lodfoxgg

630@obgd®o  Lodjosy -l y69o 16y 177 |73 25
LOHero Lodfoxyg

LodbOYm  LogoMM39eMmb  Bo©odm0sbo  BHgMoGMEOH0gd0 bolosmEYd0sb Jomowo
969603930390 OgbyOlgdom  ©d  bgbsg®gwo 605 M-30dodMo
30609000, 53 LLbMBEM-L5FgMOBYM  3MWEHMOGOOL ymbogmrmwo TgMHbg3z0L
(850530560 3a0doEol me30l9dwM9d9d0L omzseolfiobgdom), dadmbggzsdo
FOOOME 39630050900 FMOZ5EIMAMOM030  LobMmBErm-bsdgObgm
0o68mgdol BodwoEgdsll 0dEg3s. o3 035l 60dbsgl, GMA dEgbstrgms dosmowo
360 BH0MWMdolsmzol  Mbs  393ddbson  obgmo  Lobmgarm-bsdgm@bgm
3990GO9d0L 50 3E6MBYd0, LyIE BMAEHMLObMYHBMOI© 59EHOIMO MOEOsEOOL
b x90MMH0  M30s300l  Lobatygdenm  dmddggdol  3m9x30309bGHo  (993)
35Jbodocymo 0gbgds.

95050056 306009080 LobimBEm-599Obgm 3M0GOHGO0L
MAM93gLMdS 259Mm0MmBY3s B0 BMEHMLOBMIHBMMO  3OM©YJEHOMWMBO’ ©s
360d300L  Foeswo bsGobbom, Mog 9xmdzbgds 0w dmosbo  3e0ds@ol
530U906M9d9dL.  39Mdm©, gb GOl FBol Lboggdol dos®o 13gd@cMMEwo
99050039bemds s FomTo  Fooo  BoM-ob  F9I339wmds, M3 d3gbatgdo
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3543H0IMH gL BMGHMLObMYHMO s Bomgodo® 36M(39L9dL. s0bodbMw 30O MdYdT0
LobMBEM-BsTGMObgm  3MWEHMOGI0  2oboEosd  MBG™  Tg@  0bGHIbLoMO
5Lb039dsl s IMIEYEHICPMZIB0 M50300L BgImJdgrgdsl [52].

0505300560 30doEHMOHO 30MHMdJd0 M53YbsT) B03zgE0MmEYds MEYSEMWO
Loliwgdol  499myggbgdom, M3  IILEAHMMES  Lods®mzggerml  dg3bog®mgdsms
939009300l 3000MMIYEHIMOMEMA00L 0bLEHOEMEHOL Bo6egbols dswowdmosb (22000
B0.00Mb0sH, 606m[dobol M-60) saMMIgEHIMOMEMYOME d5BsBY BodsMgdmwo
967535000 33e93900m. 5©0b0dbME dsDsbBg Bo@eMgdme 9dudgModgbdgddo
24990mg9bgdemo 0dbs bobggzMom 49sdf3sMmo bszgaro (10, 15, 20 @/3s), MmIgaros
050509n39dGHIM0s S BOEOL FoM33wm3zs60 ©s dMLGHBYMO  3MWEHMGIOOL
90535l 25035olfjobgdmos s5939, 39ML39dGH0M0 LOEEIWO 3NWEGHNIOJOOL
30MEMPOOHO 1530909909390 (83w 153929G30M 39MH0MO). 3bGMOEdo 3.3.2
9Yy356005 L3I0 39 EHVIMYIOL Lodwowm dmbogswro [53].

3bO0wo 3.3.2 LHEEIW? 3NWEGHMOOMS FMBOZI0 MMYBO Lolivydol Lbgoolbgs

©MbBoL gmbby
Table 3.3.2 Yield of test crops under different doses of organic fertilizer
Lo39dBHo™ PRGN ION
35608530 dmbogoeo Lo3mbEHMMEM©b
(®) )
Jo®o

1. L53MbGHOMEM (Mlsbvydm) | 2.2 -

2. 10 @mbs 3.8 1.6
3. 15 Gmbo 5.0 2.8
420 @Bmbs 6.0 3.8
Lmi3OoL FoMbowo

1. bLo3MbEHOME™ (Musbydm) | 23.6 -

2.10 Gobs 44.2 20.6

3. 15 Bmbs 51.8 28.2

420 BHobo 64.5 41.0
0Ebe bybgwo

1. bLo3MbEHOME™ (Musbydm) | 5.0 -
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2.10 Bmbo 7.6 2.6

3. 15 @mbs 13.6 8.6

420 &mbo 16.4 11.4

3HO0w0oEsh Bsbl, MMI 30l g3z9ws 350056E30 0o IMBOZoW0 5335605
009953905 LO3MBBHOMMML.  LOEEIWO  356M056EJO0D  Foroswro  FMbogwom
23990Mh935 Y390 37 EIOM0L 20 3/35 390056 0.

050530560 Bmbol  306MHMdYdTo  FoME3W g s dMbGBYMEo
390 GO9d0L JogdloToEr MO dMbOgE05B6MIOLIMZ0L, Booagol Bogmaog®mgdolicsb
9OMS© OO  9MMIGEHINOMEMA0NO  BoJBHMOGOL  [ommopabl  3sgMol
5dBHoMm0 398396 meol xsdo (10°C-ob bggom), Bossaol GHgd3gMsd s o
H3bo® dONBIgwYmBs.

B9050b03b M0 godmBobscy, 3oMmmyMdMwo  3m9303096E0
(3003) 953039 GHOGO0L BOI-96300050900L s b3l BMMOTOMGIOLIMZOL
§oMm0moagbl 36033690 m356  9aMMIgEHIMOMEMA0NOH  BodBHmML.  Asdo@md,

05633 (Jo®0) @ dmbABINE  (LPBOOL  FoOboo, bm  Lbyero)
390GHMO9dbY  Bo@IMgOMmo  9du3gmodgb@ol dggye dowgdeo  dmbsgrol
05839690 qd0  (BH/35)  Boo  3MEOIs30MG 393300305 3000MHMMYMI
309530309636 (3m3), bossgol  3H9d3gMeGH sty (2060  LoE®Igby) o
O350 Lolwydol bbgoolbgs Mbabmsb (¢/3s), sbowo (3.3.3).

3b®owo 3.3.3 3mMm9Ws300L 395303096300 MmMR6ME Lolivydu, 3003-U, boswsyol
39939653 EsLS S FMBZ5el FMMob, Gglsdsdolio MgaMgbools obdmegdgdoom
Table 3.3.3 Correlation coefficients between organic fertilizer, HTC, soil temperature
and yield, with corresponding regression equations

369300l | O9a09gbools obBmergds | Lydserm
309806036O0 3350 YO
3ILOYO? R b 3MI0E9ds
o uit/ha
Jo®o 0.97 0.20x+0.75y+0.44z -3.46 0.8
bag®eb ) o5 1.75x+ 5.15y+1.77z - 428 | 8.3
Fobboero
mgbm
0.96 0.78x+1.70y+0.36z - 5.9 29
bgbgero
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693M9Lo0L 49BEHMEdgdT0 U - IMBHZI0s, X - MMYSBMwo Lsbwydo, v - 303, z -
605050l 3H9339M0GHMo.

5060360 399w EHMMHGI0LIMZ0L, Guodsdobo MYAMILOOL YobEMmEgdgdom,
23960LsBE3Ms  ImMLogswro s FgsMgdYo  odbs  gBogBHomemo  dmbagerol
9mbs30090m06. Fo0gdEo  F9ga)00  LodOEIM  335MOGHIO  (30MTOEGOOL
Bo6RR9g330s. dM(3990 MYAMILOOL FobEMEgdgd0m, F90degds 2oboloBOZMML
0500w dm0sbo  Bmbol  30MHMdGdTo  sMOMINWEHMEOIOOL  Fbogowo  (BH/3d).
05M33gMwo s dMbGHBYMo  3MEGHOIO0L  FMbO3Eol  o0basM0dgds
3600369m30600  Fo0odm0sbo  Bmboll  Mo0ombgdol  domggMIgdIOLIMZOL.
330l 0gdol BMLEHO 20564500 900L LOMIEO FoMBEH0S TgodEgds J0300M™
08 99900b393580, 0¥ MORsbMmo Lolivydo Tg@sbowo 0dbgds owpgbo 35009080
Q5 G9Lsdsdolo MBYdOm.

95000560 Bmbol  306HMdgdT0  [oMImgdMo  Lvncol  Fombeools
33900000 00093 gdoL dsb39690e9d0 dmEgdmewros bMowdo 3.3.4

3b®owo 3.3.4 bYBOHOL FoObeol Jodo®mo dsb3969dwqd0
Table 3.3.4 Chemical indicators of feast beet

9db3960896O o
9mbs3gdgdo
Jodoweo dsb39b90gd0 0o@9MSGHIOMO
bodws | Ig6ygmdols
o Brgs®o 9mbs39d900
39650 bogmogmgdqdo (%) 15.92 | 13.17-21.36 | 6.50-18.31

3o dMob MH9ROSJGMIYGHOHOm 12.07 | 8.90-16.0 15.0-18.6

3596900 (%) 15.62 | 2.52-9.29 3.0-12.2
3500 GmMHob MH9vY(3090 0.01 0-0.05 0.32
Logoembs 5.61 2.52-9.29 10.61

39d&0b1MHo 603m09MHgd900 (%) 0.62 0.41-0.79 0.2-0.5

9o  dmeol  blbso  3gd@obo, | 0.36 0.22-0.57

& 6
36 GM39dGobo 026 |0.13-0.39

bgowo MxHgsbs (%) 1.60 0.89-2.03 1.02

AOGHOM0o 0553006005 35deobl | 0.22 0.01-0.46 -
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0535359 2500556950009000 (%)
PH 6.55 6.20-6.95 -
d6H0dws30 Qo 9090530 ) i
Bogoog®gdo (%) 0.15 0.08-0.19
LogOHmm 89bmergdo (3¢w/10036) | 32583 | 1500-680 -
P-540m6o bogmoghgdgdo

185.0 | 67.5-3025 | -
(8e/10096)
30859060 C (8¢/10096) 102.45 | 39.13-160.0 | 15.3-19.0
Bogoto (%) 1.00 0.91-1.19 0.65-2.00
bgowo 0ws (%) 2.17 1.92-2.42 1.0-3.0
vgobob 0egbago bogmog®dgto | 1y 4 | 1010-18.70 | 3.5-12.0
(8¢0/1006)

B90Mmo0b0dbme  B50owdmosh  53MmMIYEHIMOMEWMYONE  dsDBIBY  BodoMmgdmends
399033939005 33083965, OHMI Foowdm0sb 3060HMdgddo Bmyoghmo dmbiGHBymwo

30GMOHGd0, I93bm3zgEgmdol 533900 doMbgqbgd0, LwEMByEM36-sHMAsE o
Lob699dEgd0 s BB3, 3MYWEHVMYd0 odM0MBY3056 Lo3ToM Fosero IMbOZEPO

Q5 33900000 0MYdMEgdom (3bMowo 3.3.5, 3.3.6).

3b®owo 33.5 85058056 BMbsdo HoMmdmgdmmo BmyogMmo dmbEbgmwol o

393H™M3909Md0L 11533980 JoMbz9b0L Jodow®mo dsB39b9dwgd0

Table 33.5 Chemical parameters of some vegetable and animal fodder

produced in the highlands

root crops

e
w0
Q
&
&
c leo)
Jodomeo ?0
> 8% C
35839690 9d0 S c@’ % %‘ = | 3 S -
c 51921512 § (25|58 8%
> & |2 |8 |2 & 882 |82
SRS > 0 8 & [ =86 |5 7%
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IsJONGlel

16.6 203 | 163 | 6.1 12.1 | 10.0 | 12.7
60300090905 (%)
baghorer Bog®gbo | 5 g 67 |53 |36 38 |43 |70
(%)
39J&0bgdo (%) 1.72 147 |11 |0.48 0.4 053 |1.26
055300603
35d¢ols

0.28 0.12 | 0.19 | 0.20 02 |0.17 |0.09
05153056M05BY
3905656039000
donM0ds30
603009690980 0.17 0.12 | 0.11 | 0.07 0.1 |0.11 |0.03
(%)
LogmoM ggbmeng

400 160 | 370 | 410 361 | 380 |206
00 9/1006
P-sd@oméo
603009698900 52.5 655 | 475 | - 56.4 | 40 78.7
dg/10096
30&s30bo C

81.8 313 | 66.7 | 16.0 69 |47.1 | 635
dy/10064
39Om@E0bo

0.1 92 |84 |- 09 |- 0.07
dg/10096
Bogomo (%) 1.1 08 | 120 |0.67 0.80 | 0.69

3b®owo 3.3.6 9500 dn0sb DBmbsdo [oMmdmgdmo  bLMHbgarmgzsb-seMTo@ e
39 GHYO05 Jodomemo Fsb39690gd0 (%)
Table 3.3.6 Chemical indicators of fragrant-aromatic crops produced in the highlands
(%)
Jodoméo  BogmogMgdgdo
(%)

Jmbs®o | Jobdo 3506560 | 330530
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909OH900 0.48 0.54 1.2 3.3
LogmoO® sSBMEO 2.38 2.50 2.45 2.1
blboo sBmEO 0.88 0.80 1.0 -
30M3560 sSDBMEHO 1.50 1.70 1.45 8.5
BOWD 9.40 10.6 9.1 -
223322‘; - *0agbo | 55 9.7 45 2.0
3mbmbodomogdo 3.0 6.8 1.9 1.8
blbso bsbdo®mfiywgdo 6.50 11.0 11.0 5.1
0L5JoMH0EIO0 3.50 4.0 8.6 3.1
3Mm@0xggbmegdo 0.50 29 2.6 0.8
LogmomM bogoMo 11.04 7.6 11.9 6.41
gg‘fgf” boG200 10%-056 | | 5 0.3 0.86 0.09

OmamO3 3bOowgddo  dmygzsboero  Jodom®o  dsB39bg0gdo  430R39693L,
00bodbmwo  3M@GHWOgdo, DBmaogho  Fgdmbggzsdo  godmo®mBg3006  dsmowo
33000000  ©06M0MEqdol  JodowGo  3s6396909w0m, 300009 ©ds  bBmbsdo
0o00mgdmwo  3MWw@M9d0. 653, 300093 JONHBIW  SEILEHMGOL  FoMoIN056
300009030 BMP0gHmo LIlMBEM-5dgMOBYM FNWEHMOOL 35MR5© S3GHIGOOL
©5 35000 3OHMEYIBH0N™dOl  MB®L.  Bo@oMgdmmo  9dudgModnb@ero

53306390990 5 9909900 LsxMAZ39EL 0dwg3s, MM 50bodbMwo 3MWwEHMOHYdo
23930390l bbgs  350odmosbo  Gga0mbol  sbsermyomE  saM™3e0dod®

306HMd9ddo [76].

30mM530. M6539MH™M39  F0fomImddggdol  LEAHMOGJR0S  3MolbIMBL, 9SG
LobomBEm-1sdgmbgm Bs356MHRMOOL obEMEIL, 5989 Fomo gl ms@szool
09000900l godxmdglgdsl.  Bgdmombodbme  sgMHM3W0dsEGHIE  306HMdYOTO
300MHMIYBHIMOMMYo0lL  0bLEHOEGHMGHOL doswswdmosbo (22000 bBe. ©™boL)
3965360l 53OMTYEHIMOMLMY0ME dsBsbg bobm{idobrol M-3o ho@sMgdmwo odbs

0Jb3g08gbOwo  33egggdo  BOE3wII (Jo00) @ BmbEbyyw (Lygmol
Fodbowo,  bLOHbgrmzsb-semIs@Gmo - bem Lbgwo) 3@ gdbY
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00mgbgMHMOJBH035GH MO0 - ,000005308” 358myg9bgdoom. 5©0b0dbmo
00mgbgMHMOJBHO39GHMOO - ,,00ME020” (d9ddboros 535. 6.20bm30dol  dogH)
8O0 050MdOL B0M3MHY35M5G05, HMIWOl 25dmygbgdom dglisdwrgdgaros, MMM 3
9b53E056MBOL gobMs, 1939 dolo bsGOLLOL AomBXMOJLGdS. 030 5T5EIOL
5Q33G5305L  Bo@odmosbo  Bmbol  guG®gdomEmo  BodBHM®gdol  Fodsmo
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Chapterl
Ensemble weather forecasting

What is ensemble weather forecasting? An ensemble weather forecast is a set of forecasts
that present the range of future weather possibilities. Multiple simulations are run, each
with a slight variation of its initial conditions and with slightly perturbed weather models.
These variations represent the inevitable uncertainty in the initial conditions and
approximations in the models. They produce a range of possible weather conditions. Why
is it important to measure the level of uncertainty in a forecast? The uncertainty associated
with every forecast means that different scenarios are possible, and the forecast should refl
ect that. Single ‘deterministic’ forecasts can be misleading as they fail to provide this
information. Take agriculture as an example: a farmer needs to know the range of possible
conditions the crops may experience so that they can be protected. Ensemble forecasts
show how big that range is at different forecast times. What are the advantages of
ensemble prediction? By generating a range of possible outcomes, the method can show
how likely different scenarios are in the days ahead, and how long into the future the
forecasts are useful. The smaller the range of predicted outcomes, the ‘sharper’ the forecast
is said to be. Good ensemble forecasts are not just sharp but also reliable. If a reliable
forecast says that there is a 70% chance of top temperatures rising above a certain
threshold, then in 70% of cases when such a forecast is made temperatures will indeed rise
above that threshold

ECMWEF started to provide operational weather predictions in 1979. These first forecasts
were offered without an uncertainty estimate, and so a research effort to investigate such
an approach was initiated in the 1980s. It took more than a decade to develop a workable
ensemble prediction technique, and ECMWF produced the first ensemble forecasts in
1992.

Extended and long-range predictions

ECMWEF issues extended-range weather predictions up to 46 days ahead. They are
ensemble forecasts, and they show predicted week-to-week changes in the weather. Long-
range predictions, also called seasonal forecasts, are mainly issued up to seven months
ahead. They are ensemble forecasts too, and they provide expected future atmospheric,
land, and oceanic conditions averaged over one to three months. The longest-range
predictions issued by ECMWF are 13-month forecasts of sea-surface temperature
anomalies in the El Nifio region in the equatorial Pacific. Why do we cover these time
ranges? ECMWEF produces such forecasts for two reasons. The first is that there is interest
in forecasts for relatively long time frames among a range of customers. For example, the
production of renewable energy depends on future sunshine levels and winds over the next
few weeks and months. Also, sea-surface temperatures in the equatorial Pacific are known
to have a big effect on weather patterns elsewhere, so we try to forecast those as long
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ahead as possible. Another advantage of these forecasts is that they help challenge our
forecasting systems and show where improvements are needed, benefiting our forecasts at
all time ranges.

Extended-range predictions are produced from the same coupled ocean-atmosphere model
that is used for the medium range, but at a lower resolution. An important source of
predictability in this time range originates from a 30-60 day fluctuation in tropical
weather, called the Madden—Julian Oscillation (MJO). The use of a coupled ocean—
atmosphere system helps to capture some aspects of MJO variability. Other sources of
extendedrange predictability include stratospheric and soil moisture initial conditions. How
are long-range predictions produced? Longer-term predictions of the climate are possible
because the ocean, the cryosphere and elements of the land evolve more slowly than the
atmosphere. The influence of these Earth system components can be detected in the
average weather over a month or season. For example, monthly average rainfall in March
to May in the Nordeste region of Brazil is related to sea-surface temperatures in the
tropical Pacific and Atlantic in the months before and during the rainy season. Our
calculations include the increase in greenhouse gases such as carbon dioxide and methane,
which has a substantial impact on our forecasts. What does the future hold? Extended- and
long-range prediction may become even more important in a changing climate marked by
more extremes than before, and when the information provided by the climatology is no
longer a good guidance. Prediction systems are updated regularly to keep up with the latest
scientific developments. A forecast upgrade to be introduced in 2023 will bring increased
frequency and ensemble size for extended-range forecasts. A similar change is planned for
long-range forecasts in 2024. We are also working to improve the realism of the
stratosphere in our forecasting system, since this can play an important role in
predictability at extended- and longer-range timescales. What does the Copernicus Climate
Change Service offer? ECMWF’s extended-range and long-range predictions are publicly
available on our website. The long-range predictions also feed into the seasonal forecast
pages of the EU’s Copernicus Climate Change Service (C3S) implemented by ECMWEF.
These pages show seasonal forecasts for a range of parameters from eight forecasting
centres, including ECMWEF, and combined C3S multi-system seasonal charts.

Earth system modelling at ECMWF

Why is Earth system modelling important for weather forecasting? In addition to the
atmosphere, Earth system components such as the ocean, ocean waves, sea ice, and the
land surface can have a significant impact on the evolution of the weather. Accurately
modelling the interactions between all these components in numerical weather prediction
systems therefore improves weather forecasts. ECMWE’s Earth system model aims to
represent interactions between as many Earth system components as required, at the
necessary level of complexity and as initialized by data assimilation, to achieve the
Centre’s forecasting goals. What are the benefits for ECMWF forecasts? Continuing to
develop an Earth system approach is a key pillar of ECMWF’s Strategy because it is
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essential for improving the skill of weather forecasts. ECMWF uses the same Earth system
model across different timescales (medium, extended and long range) in a seamless
prediction system. All Earth system model components interact with each other during the
forecast simulation, and feedbacks between the components are explicitly modelled.
Without an Earth system approach, such feedbacks would not be represented. This would,
for example, lead to snow-covered surfaces in the wrong place in spring or autumn, or
result in sea-ice cover where warmer temperatures have long removed it. How is this
approach useful for environmental services? An Earth system approach can also provide a
wide range of information about environmental conditions, such as soil moisture, flood and
fire risk and air quality. That is why Earth system modelling underpins the work of the EU-
funded Copernicus Climate Change Service (C3S) and Copernicus Atmosphere
Monitoring Service (CAMS) implemented by ECMWEF, as well as the Centre’s
contribution to the Copernicus Emergency Management Services (CEMS)

How does Earth system modelling fit into the forecasting system? The data assimilation
system combines the latest observations with model information to obtain the best possible
estimate of the current state of the Earth system. Based on those initial conditions, the
Earth system model is run to predict the likely evolution of the atmosphere and related
parts of the Earth system. To produce ensemble forecasts, uncertainty estimates are used to
perturb the initial conditions and the model to reflect the full range of possible outcomes.
The data assimilation algorithms, the perturbation techniques and the full suite of model
components together make up ECMWF’s Integrated Forecasting System (IFS). How does
the atmospheric model work? The atmospheric model divides the atmosphere into a three-
dimensional grid comprising billions of grid boxes. Average values of variables such as
wind and temperature are predicted for each grid box by numerically solving equations that
describe advection by the wind, the balance of atmospheric pressure forces on a rotating
planet and the redistribution of heat. The algorithms and their implementation on a
supercomputer are called the dynamical core. When the impact on the flow by relatively
small-scale processes cannot be resolved by the model, they are simulated separately in
socalled parametrization schemes. Radiation, small-scale convection, turbulence and drag
processes are examples of such unresolved processes. The dynamical core, the
parametrization schemes and other Earth system model components have to work hand in
hand to deliver successful weather predictions. How are other Earth system components
modelled? The ocean model used in the IFS works in a similar way to the atmospheric
model, but advection is slower and coastlines provide additional boundary conditions.
Ocean waves are represented through a statistical description, while the sea-ice model
represents the movement, formation and melting of sea ice in response to changing
atmospheric conditions. A land-surface model is tightly coupled to the atmospheric model
to represent the evolution of surface properties such as soil moisture, vegetation and snow.
Atmospheric chemistry, greenhouse gases and aerosols are all represented within the
atmospheric model.

What role does the model resolution play? One way to improve forecast skill and make
forecasts more detailed is to increase the horizontal and vertical resolution of Earth system

202



model components. ECMWEF’s strategic aim is to go down to a horizontal atmospheric grid
spacing of a few kilometers for ensembles of global forecasts. Research is under way to
determine the changes in our Earth system model that are required to make this possible
without overwhelming the computational capacity of the Centre’s current and future
supercomputers. This includes work on an alternative dynamical core and on adapting the
existing parametrization schemes to grid spacings at which a growing number of physical
processes start to be resolved. How is Earth system modelling developing at ECMWF?
ECMWEF scientists are constantly seeking to improve all aspects of the Earth system
model. Earth system observations, including satellite observations, help us to understand
Earth system processes and to model them successfully. Active areas of research include
improved representations of the stratosphere as well as of soil moisture, vegetation, snow
cover, sea ice and aerosols to extend the range at which useful forecasts can be made.

Earth system data assimilation What is Earth system data assimilation? Earth system data
assimilation combines the latest observations with a short-range forecast constrained by
previous observations to obtain the best possible estimate of the current state of the Earth
system. That estimate, called the analysis, is used as the initial conditions on which
weather forecasts are based. The quality of forecasts crucially depends on the accuracy of
the analysis. If analyses are produced for extended periods reaching back decades, but
using one and the same data assimilation system, they become a ‘reanalysis’ of past
weather and climate. Why do we need to combine observations with short-range forecasts?
Observations are unevenly distributed and come with errors. They cannot provide a
complete and accurate picture of the state of the Earth system across the globe at a given
point in time. Fortunately, we know a lot about that state from a highly skillful short-range
forecast based on the previous analysis and thus on previous observations. Data
assimilation adjusts that forecast slightly in a physically consistent manner so that it
matches the latest observations closely, considering uncertainties in the observations and
the short-range forecast. Different mathematical techniques can be used to combine Earth
system observations with short-range forecasts. The method used at ECMWF for the
atmosphere is called four-dimensional variational data assimilation (4D-Var). 4D-Var
iteratively adjusts the initial conditions of a short-range forecast to bring it into closer
agreement with meteorological observations in space and time. The adjustments are made
in a manner which respects the physical laws that govern the Earth system. The adjusted
forecast then serves to defi ne the initial conditions of a new forecast. ECMWF
implemented 4D-Var in 1997. This quickly led to a dramatic improvement in forecast
guality. Since then, continued enhancements of the 4D-Var system and the introduction of
a probabilistic approach through an Ensemble of Data Assimilations system have improved
forecasts further. What kind of observations are used? Some observations reflect
conditions at the location of the instrument. Such in-situ measurements come for example
from weather stations, aircraft, radiosondes, ships or buoys. Other observations are based
on remote sensing, for example from satellites or ground-based radar. Most satellite
instruments measure electromagnetic radiation emitted from the Earth’s surface and the
atmosphere. The signals received can be used to infer conditions at the surface or in the
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atmosphere. Passive sensors measure radiation that is emitted naturally, while active
sensors measure the backscatter of radiation emitted from the instrument. How important
are different kinds of observations? Remote sensing, especially using satellite instruments,
has become ever more important because of the global coverage it provides. As we became
better at extracting satellite data information and the amount of global weather data
increased, the skill of forecasts in areas with few in-situ observations, such as the southern
hemisphere, increased sharply. In-situ weather data continue to be very important, and they
have a key role in calibrating remote sensing instruments, but overall today satellite data
make the biggest contribution to global forecast skill.

What is the Ensemble of Data Assimilations? The analysis on which forecasts are based
comes with uncertainties. This is inevitable due to the errors that are present in the
observations and the short-range forecasts. While we cannot reduce those errors to zero,
we can quantify the uncertainties. To this end, multiple 4D-Var data assimilations are run
in parallel using slightly perturbed observations, models and atmospheric boundary
conditions, such as sea-surface temperature. ECMWEF has run such an Ensemble of Data
Assimilations (EDA) since 2010 to help define the initial conditions for ensemble forecasts
as well as for high-resolution deterministic forecasts.

1.1 Satellites
Land surface temperature

Land surface temperature is how hot the “surface” of the Earth would feel to the touch in a
particular location. From a satellite’s point of view, the “surface” is whatever it sees when
it looks through the atmosphere to the ground. It could be snow and ice, the grass on a
lawn, the roof of a building, or the leaves in the canopy of a forest. Thus, land surface
temperature is not the same as the air temperature that is included in the daily weather
report.

The maps were made using data collected during the daytime by the Moderate Resolution
Imaging Spectroradiometer (MODIS) on NASA’s Terra satellite. Temperatures range from
-25 degrees Celsius (deep blue) to 45 degrees Celsius (pinkish yellow). At mid-to-high
latitudes, land surface temperatures can vary throughout the year, but equatorial regions
tend to remain consistently warm, and Antarctica and Greenland remain consistently cold.
Altitude plays a clear role in temperatures, with mountain ranges like the North American
Rockies cooler than other areas at the same latitude.

Scientists monitor land surface temperature because the warmth rising off Earth’s
landscapes influences (and is influenced by) our world’s weather and climate patterns.
Scientists want to monitor how increasing atmospheric greenhouse gases affect land
surface temperature, and how rising land surface temperatures affect glaciers, ice sheets,
permafrost, and the vegetation in Earth’s ecosystems.

Commercial farmers may also use land surface temperature maps like these to evaluate
water requirements for their crops during the summer, when they are prone to heat stress.
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Conversely, in winter, these maps can help citrus farmers to determine where and when
orange groves could have been exposed to damaging frost.

Total rainfall

Globally, rain is the main source of fresh water for plants and animals rainfall is essential
for life across Earth’s landscapes. In addition to moving tremendous amounts of water
through Earth’s atmosphere, rain clouds also move tremendous amounts of energy. When
water evaporates from the surface and rises as vapor into the atmosphere, it carries heat
from the sun-warmed surface with it. Later, when the water vapor condenses to form cloud
droplets and rain, the heat is released into the atmosphere. This heating is a major part of
Earth's energy budget and climate.

The rainfall maps show total monthly rainfall in millimeters from NASA’s Integrated
Multi-satellite Retrievals for GPM (IMERG) dataset. High rain totals are represented in
dark blue, while small rainfall totals are shown in white.

The most obvious pattern in the total rainfall maps is seasonal change. A band of heavy
rain moves north and south of the Equator seasonally. In fact, about two-thirds of all rain
falls along or near the equator, and countries in those latitudes often have several months
of near-daily rain followed by months of dryness as the rain band moves north and south.
The Asian monsoon brings rain to China, Southeast Asia, and India between April and
September. From October through May, South America goes through a rainy season, but
even parts of the Amazon Rainforest goes a few months each year without significant rain.

Net radiation

Earth's net radiation, sometimes called net flux, is the balance between incoming and
outgoing energy at the top of the atmosphere. It is the total energy that is available to
influence the climate. Energy comes in to the system when sunlight penetrates the top of
the atmosphere. Energy goes out in two ways: reflection by clouds, aerosols, or the Earth's
surface; and thermal radiation—heat emitted by the surface and the atmosphere, including
clouds. The global average net radiation must be close to zero over the span of a year or
else the average temperature will rise or fall.

These maps show monthly net radiation in watts per square meter. Places where the
amounts of incoming and outgoing energy were in balance are white. Places where more
energy was coming in than going out (positive net radiation) are orange. Places where
more energy was going out than coming in (negative net radiation) are purple. The
measurements were made by the Clouds and the Earth's Radiant Energy
System (CERES) sensors on NASA's Terra and Aqua satellites.

Over the course of a year, the most obvious pattern is seasonal changes in net radiation.
Incoming sunlight increases in the hemisphere experiencing summer, which makes the
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energy imbalance strongly positive (more watts of energy coming in than going out). As
the September equinox approaches, a zone of positive net radiation is nearly centered over
the equator, and energy deficits lie over the poles. As the season changes into winter, the
net radiation becomes negative across much of the Northern Hemisphere and positive in
the Southern Hemisphere. The pattern reverses on the March equinox.

Averaged over the year, there is a net energy surplus at the equator and a net energy deficit
at the poles. This equator-versus-pole energy imbalance is the fundamental driver of
atmospheric and oceanic circulation.

Snow cover

Snow is precipitation that forms when water vapor freezes. Because snow is so reflective,
it plays an important role in regulating climate: it reflects incoming sunlight back into
space, cooling the planet. Snow also supports life. Melting of seasonal snow (as well as
glaciers) provides water for drinking and irrigating crops in many parts of the world.
Snowmelt moisturizes soil and reduces the risk of wildfire. Too much snow, however, can
lead to springtime floods when the snowpack melts.

These snow cover maps are made from observations collected by the Moderate Resolution
Imaging Spectroradiometer (MODIS) on NASA’s Terra satellite. Snow cover values range
from medium blue (greater than O percent) to white (100 percent). Landmasses that do not
sustain snow cover and places where MODIS did not collect data are gray. Because
MODIS relies on visible light to assess snow cover, the sensor cannot collect data over the
highest latitudes of the Northern Hemisphere during winter when no sunlight reaches those
regions.

Snow and ice cover most of the Earth’s polar regions throughout the year, but the coverage
at lower latitudes depends on season and elevation. High-altitude landscapes such as the
Tibetan Plateau and the Andes and Rocky Mountains maintain some amount of snow cover
almost year round. Land area is larger and snow cover is more variable in the Northern
Hemisphere than in the Southern Hemisphere.

Cloud cover

In addition to their role as rain- and snow-makers in Earth's water cycle, clouds play a
major part in Earth's energy budget—the balance of energy that enters and leaves the
climate system. Clouds may have a warming or cooling influence depending on their
altitude, type, and when they form. Clouds reflect sunlight back into space, which causes
cooling. But they can also absorb heat that radiates from the Earth's surface, preventing it
from freely escaping to space. One of the biggest sources of uncertainty in computer
models that predict future climate is how clouds influence the climate system and how
their role might change as the climate warms.
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These maps show what fraction of an area was cloudy on average each month. The
measurements  were  collected by the Moderate  Resolution  Imaging
Spectroradiometer (MODIS) on  NASA's Terra satellite. Colors range from blue (no
clouds) to white (totally cloudy). Like a digital camera, MODIS collects information in
gridded boxes, or pixels. Cloud fraction is the portion of each pixel that is covered by
clouds. Colors range from blue (no clouds) to white (totally cloudy).

From month to month, a band of clouds girdles the equator. This band of persistent clouds
is called the Intertropical Convergence Zone, the place where the easterly trade winds in
the Northern and Southern Hemispheres meet. The meeting of the winds pushes warm,
moist air high into the atmosphere. The air expands and cools, and the water vapor
condenses into clouds and rain. The cloud band shifts slightly north and south of the
equator with the seasons. In tropical countries, this shifting of the Intertropical
Convergence Zone is what causes rainy and dry seasons.

Another frequently cloudy place is the Southern Ocean. Although there is not as much
evaporation in the high latitudes as in the tropics, the air is cold. The colder the air, the
more readily any water vapor in the air will condense into clouds.

Aerosol

Tiny solid and liquid particles suspended in the atmosphere are called aerosols.
Windblown dust, sea salts, volcanic ash, smoke from wildfires, and pollution from
factories are all examples of aerosols. Depending upon their size, type, and location,
aerosols can either cool the surface, or warm it. They can help clouds to form, or they can
inhibit cloud formation. And if inhaled, some aerosols can be harmful to people's health.

These maps show average monthly aerosol amounts around the world based on
observations from the Moderate Resolution Imaging Spectroradiometer (MODIS) on
NASA's Terra satellite. Satellite measurements of aerosols, called aerosol optical
thickness, are based on the fact that the particles change the way the atmosphere reflects
and absorbs visible and infrared light. An optical thickness of less than 0.1 (palest yellow)
indicates a crystal clear sky with maximum visibility, whereas a value of 1 (reddish brown)
indicates very hazy conditions.

High aerosol amounts are linked to different process in different places and times of year.
High aerosol amounts occur over South America from July through September. This
pattern is due to land clearing and agricultural fires that are widespread across the Amazon
Basin and Cerrado regions during the dry season. Aerosols have a similar seasonal pattern
in Central America (March-May), central and southern Africa (June-September, and
Southeast Asia (January-April).

In other cases, however, aerosol concentrations are not related to fires. For example, from
May through August each year, aerosol amounts rise dramatically around the Arabian
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Peninsula and nearby oceans due to dust storms. Elevated aerosol amounts nestle at the
foothills of the Himalaya Mountains in northern India in some months, and linger over
eastern China for much of the year. These elevated aerosol amounts are due to human-
produced air pollution.

Vegetation

Satellites observe global-scale patterns of vegetation that scientists use to study changes in
plant growth as a result of climate and environmental changes as well as human activity.
Photosynthesis plays a big role in removing carbon dioxide from the atmosphere and
storing it in wood and soils, so mapping vegetation is a key part of studying the carbon
cycle. Farmers and resource managers also use satellite-based vegetation maps to help
them monitor the health of our forests and croplands.

On these maps, vegetation is pictured as a scale, or index, of greenness. Greenness is based
on several factors: the number and type of plants, how leafy they are, and how healthy they
are. In places where foliage is dense and plants are growing quickly, the index is high,
represented in dark green. Regions where few plants grow have a low vegetation index,
shown in tan. The index is based on measurements taken by the Moderate Resolution
Imaging Spectroradiometer (MODIS) on NASA’s Terra satellite. Areas where the satellite
did not collect data are gray.

The most obvious pattern that the maps show is a global one: vegetation greenness is high
around the equator all year long, where temperatures, rainfall and sunlight are abundant.
Between the equator and the poles, the vegetation greenness rises and falls as the seasons
change.

TOTAL ELECTRON CONTENT

The Total Electron Content (TEC) is the total number of electrons present along a path
between a radio transmitter and receiver. Radio waves are affected by the presence of
electrons. The more electrons in the path of the radio wave, the more the radio signal will
be affected. For ground to satellite communication and satellite navigation, TEC is a good
parameter to monitor for possible space weather impacts.

TEC is measured in electrons per square meter. By convention, 1 TEC Unit TECU =

107*® electrons/m2. Vertical TEC values in Earth’s ionosphere can range from a few to
several hundred TECU.

The TEC in the ionosphere is modified by changing solar Extreme Ultra-Violet radiation,

geomagnetic storms, and the atmospheric waves that propagate up from the lower

atmosphere. The TEC will therefore depend on local time, latitude, longitude, season,

geomagnetic conditions, solar cycle and activity, and troposphere conditions. The

propagation of radio waves is affected by the ionosphere. The velocity of radio waves

changes when the signal passes through the electrons in the ionosphere. The total delay
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suffered by a radio wave propagating through the ionosphere depends both on the
frequency of the radio wave and the TEC between the transmitter and the receiver. At
some frequencies the radio waves pass through the ionosphere. At other frequencies, the
waves are reflected by the ionosphere.

The change in the path and velocity of radio waves in the ionosphere has a big impact on
the accuracy of satellite navigation systems such as GPS/GNSS. Neglecting changes in the
ionosphere TEC can introduce tens of meters of error in the position calculations. The
Global Positioning System (GPS), the US part of GNSS, uses an empirical model of the
ionosphere, the Klobuchar model, to calculate and remove part of the positioning error
caused by the ionosphere when single frequency GPS receivers are used. When conditions
deviate from those predicted by the Klobuchar model, GPS/GNSS systems will have larger
positioning errors.

GALACTIC COSMIC RAYS

Galactic Cosmic Rays (GCR) are the slowly varying, highly energetic background source
of energetic particles that constantly bombard Earth. GCR originate outside the solar
system and are likely formed by explosive events such as supernova. These highly
energetic particles consist of essentially every element ranging from hydrogen, accounting
for approximately 89% of the GCR spectrum, to uranium, which is found in trace amounts
only. These nuclei are fully ionized, meaning all electrons have been stripped from these
atoms. Because of this, these particles interact with and are influenced by magnetic fields.
The strong magnetic fields of the Sun modulate the GCR flux and spectrum at Earth.

Over the course of a solar cycle the solar wind modulates the fraction of the lower-energy
GCR particles such that a majority cannot penetrate to Earth near solar maximum. Near
solar minimum, in the absence of many coronal mass ejections and their corresponding
magnetic fields, GCR particles have easier access to Earth. Just as the solar cycle follows a
roughly 11-year cycle, so does the GCR, with its maximum, however, coming near solar
minimum. But unlike the solar cycle, where bursts of activity can change the environment
quickly, the GCR spectrum remains relatively constant in energy and composition, varying
only slowly with time. (See Forbush decrease for short-term changes of GCR related to
space strong solar events)

These charged particles are traveling at large fractions of the speed of light and have
tremendous energy. When these particles hit the atmosphere, large showers of secondary
particles are created with some even reaching the ground. These particles pose little threat
to humans and systems on the ground, but they can be measured with sensitive
instruments. The Earth’s own magnetic field also works to protect Earth from these
particles largely deflecting them away from the equatorial regions but providing little-to-no
protection near the polar regions or above roughly 55 degrees magnetic latitude (magnetic
latitude and geographic latitude differ due to the tilt and offset of the Earth’s magnetic field
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from its geographic center). This constant shower of GCR particles at high latitudes can
result in increased radiation exposures for aircrew and passengers at high latitudes and
altitudes. Additionally, these particles can easily pass through or stop in satellite systems,
sometimes depositing enough energy to result in errors or damage in spacecraft electronics
and systems.

GEOMAGNETIC STORMS

A geomagnetic storm is a major disturbance of Earth's magnetosphere that occurs when
there is a very efficient exchange of energy from the solar wind into the space environment
surrounding Earth. These storms result from variations in the solar wind that produces
major changes in the currents, plasmas, and fields in Earth’s magnetosphere. The solar
wind conditions that are effective for creating geomagnetic storms are sustained (for
several to many hours) periods of high-speed solar wind, and most importantly, a
southward directed solar wind magnetic field (opposite the direction of Earth’s field) at the
dayside of the magnetosphere. This condition is effective for transferring energy from the
solar wind into Earth’s magnetosphere.

The largest storms that result from these conditions are associated with solar coronal mass
egjections (CMESs) where a billion tons or so of plasma from the sun, with its embedded
magnetic field, arrives at Earth. CMEs typically take several days to arrive at Earth, but
have been observed, for some of the most intense storms, to arrive in as short as 18 hours.
Another solar wind disturbance that creates conditions favorable to geomagnetic storms is
a high-speed solar wind stream (HSS). HSSs plow into the slower solar wind in front and
create co-rotating interaction regions, or CIRs. These regions are often related to
geomagnetic storms that while less intense than CME storms, often can deposit more
energy in Earth’s magnetosphere over a longer interval.

Storms also result in intense currents in the magnetosphere, changes in the radiation belts,
and changes in the ionosphere, including heating the ionosphere and upper atmosphere
region called the thermosphere. In space, a ring of westward current around Earth produces
magnetic disturbances on the ground. A measure of this current, the disturbance storm time
(Dst) index, has been used historically to characterize the size of a geomagnetic storm. In
addition, there are currents produced in the magnetosphere that follow the magnetic field,
called field-aligned currents, and these connect to intense currents in the auroral
ionosphere. These auroral currents, called the auroral electrojets, also produce large
magnetic disturbances. Together, all of these currents, and the magnetic deviations they
produce on the ground, are used to generate a planetary geomagnetic disturbance index
called Kp. This index is the basis for one of the three NOAA Space Weather Scales, the
Geomagnetic Storm, or G-Scale, that is used to describe space weather that can disrupt
systems on Earth.
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During storms, the currents in the ionosphere, as well as the energetic particles that
precipitate into the ionosphere add energy in the form of heat that can increase the density
and distribution of density in the upper atmosphere, causing extra drag on satellites in low-
earth orbit. The local heating also creates strong horizontal variations in the in the
ionospheric density that can modify the path of radio signals and create errors in the
positioning information provided by GPS. While the storms create beautiful aurora, they
also can disrupt navigation systems such as the Global Navigation Satellite System
(GNSS) and create harmful geomagnetic induced currents (GICs) in the power grid and
pipelines.

THEMIS

The Time History of Events and Macroscale Interactions during Substorms (THEMIS)
mission is a five-satellite Explorer mission whose primary objective is to understand the
onset and macroscale evolution of magnetospheric substorms. Most importantly, THEMIS
will find out which magnetotail process is responsible for substorm onset: (a) a local
disruption of the plasma sheet current; or, (b) that current’s interaction with the rapid influx
of plasma emanating from lobe flux annihilation at ~25Re. Three inner probes at ~10Re
will monitor current disruption onset, while two outer probes, at 20 and 30Re respectively,
will remotely monitor plasma acceleration due to lobe flux dissipation.

The five small satellites were launched together on a Delta Il rocket and they carry
identical sets of instruments including an electric field instrument (EFI), a flux gate
magnetometer (FGM), a search coil magnetometer (SCM), a electro-static analyzer, and
solid state telescopes (SST). The mission consists of several phases. In the first phase, the
spacecraft will all orbit as a tight cluster in the same orbital plane with apogee at 15.4 Earth
radii (RE). In the second phase, also called the Dawn Phase, the satellites will be placed in
their orbits and during this time their apogees will be on the dawn side of the
magnetosphere. During the third phase (also known as the Tail Science Phase) the apogees
will be in the magnetotail. The fourth phase is called the Dusk Phase or Radiation Belt
Science Phase, with all apogees on the dusk side. In the fifth and final phase, the apogees
will shift to the sunward side (Dayside Science Phase).

All five satellites will have similar perigee altitudes (1.16-1.5 Re) but varying apogee
altitudes (P1: ~30 RE, P2: ~20 RE, P3 & P4: ~12 RE, P5: ~10RE) with corresponding
orbital periods of ~4, 2, and 1 days, respectively. This results in multi-point magnetic
conjunctions. Every four days the satellites will line up along the Earth's magnetic tail with
magnetic foot points in the North American sector, allowing the tracking of disturbances
through different geospace regions from tail to ground.

The satellite data will be combined with observations of the aurora from a network of 20
ground observatories (all sky imagers, magnetometers) across the North American
continent. In addition to its primary goal, THEMIS will answer critical questions in
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radiation belt physics and solar wind - magnetosphere energy coupling. THEMIS is
complementary to MMS in terms of the temporal and spatial scales of the phenomena
observed by these two constellation missions. THEMIS's focus is macroscale, whereas
MMS will observe micro/meso scale features.

The THEMIS-B (THEMIS-P1) and THEMIS-C (THEMIS-P2) were repurposed to study
the lunar environment in 2009. In late 2009, the remaining fuel in both spacecraft was used
to send them to orbit the L1 and L2 points, opposite the near- and far-sides of the Moon,
respectively. The spacecraft were renamed ARTEMIS (Acceleration, Reconnection,
Turbulence and Electrodynamics of the Moon’s Interaction with the Sun), with the P1 and
P2 designations maintained. ARTEMIS-P1 reached the L2 Lagrange point on 25 August
2010, and ARTEMIS-P2 reached the L1 Lagrange point on 22 October 2010. Both
spacecraft were then moved into equatorial lunar orbits with periapsis altitudes of
approximately 100 km and apoapses of 19000 km, with periods of 26 hours, in June and
July, 2011.

The scientific objectives of the repurposed ARTEMIS mission are to study how particles
are accelerated at reconnection sites and shocks, how turbulence develops and evolves in
Earth's magnetotail and in the solar wind, and the structure, formation, refilling, and
downstream evolution of the lunar wake and particle acceleration processes within it.

Sentinel

The Sentinel-4 and -5 missions are dedicated to monitoring the composition of the
atmosphere for Copernicus Atmosphere Services. Both missions will be carried on
meteorological satellites operated by Eumetsat.

To be carried on the geostationary Meteosat Third Generation satellites, the Sentinel-4
mission comprises an Ultraviolet Visible Near-infrared (UVN) spectrometer and data from
Eumetsat's thermal InfraRed Sounder (IRS), both embarked on the MTG-Sounder (MTG-
S) satellite. After the MTG-S satellite is in orbit, the Sentinel-4 mission also includes data
from Eumetsat's Flexible Combined Imager (FCI) embarked on the MTG-Imager (MTG-I)
satellite.

Sentinel-5

To be carried on the polar-orbiting MetOp Second Generation satellite, the Sentinel-5
mission comprises an Ultraviolet Visible Near-infrared Shortwave (UVNS) spectrometer
and data from Eumetsat's IRS, the Visible Infrared Imager (VII) and the Multi-viewing
Multi-channel Multi-polarization Imager (3MI).
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The Sentinel-4 and -5 missions will provide information on atmospheric variables in
support of European policies. Services will include the monitoring of air quality,
stratospheric ozone and solar radiation, and climate monitoring.

Sentinel-5 Precursor — also known as Sentinel-5P — is the first Copernicus mission
dedicated to monitoring our atmosphere. The satellite carries the state-of-the-art Tropomi
instrument to map a multitude of trace gases such as nitrogen dioxide, ozone,
formaldehyde, sulphur dioxide, methane, carbon monoxide and aerosols — all of which
affect the air we breathe and therefore our health, and our climate.

With a swath width of 2600 km, it maps the entire planet every day. Information from this
new mission is used through the Copernicus Atmosphere Monitoring Service for air quality
forecasts and for decision-making.

Tropomi — a spectrometer — maps the global atmosphere every day with a resolution as
high as 7 km x 3.5 km. At this resolution, air pollution over cities can be detected.

The mission also contributes to services such as volcanic ash monitoring for aviation safety
and for services that warn of high levels of UV radiation which can cause skin damage. In
addition, scientists also use the data to improve our knowledge of important processes in
the atmosphere related to the climate and to the formation of holes in the ozone layer.

Sentinel-5P is the result of close collaboration between ESA, the European Commission,
the Netherlands Space Office, industry, data users and scientists. The mission has been
designed and built by a consortium of 30 companies led by Airbus Defence and Space UK
and NL.

Sentinel-5P was developed to reduce data gaps between the Envisat satellite — in particular
the Sciamachy instrument — and the launch of Sentinel-5, and to complement GOME-2 on
MetOp.

In the future, both the geostationary Sentinel-4 and polar-orbiting Sentinel-5 missions will
monitor the composition of the atmosphere for Copernicus Atmosphere Services. Both
missions will be carried on meteorological satellites operated by Eumetsat.

Saber

The Sounding of the Atmosphere using Broadband Emission Radiometry (SABER) is one
of four instruments that constitute the TIMED spacecraft, the first mission of the NASA
Solar Connections program. Data from the SABER instrument consists of Level 1B, Level
2A and Level 2B data. Level 1B data consists of calibrated radiance profiles converted to
radiance units with instrument effects removed, geolocated and gridded to a uniform angle
spacing. Level 2A data consists of profiles of kinetic temperature, presure and density,
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profiles of emission rates of nitrogen oxide (NO), hydroxyl (OH), and oxygen (0O2);
mixing ratios of ozone (O3), water vapor (H20), carbon dioxide (CO2), oxygen (O), and
hydrogen (H). Level 2B data consists of profiles of CO2, O and H mixing ratios. Profiles
of cooling rates from CO2, NO, O3, and H20; profiles of heating rates from 03, 02, and
CO2; profiles of heating rates from various ractions; profiles of emission and heating
efficiency from OH and O2; and profiles of geotropic wind.

SABER is one of four instruments on NASA's Timed (Thermosphere lonosphere
Mesosphere Energetics and Dynamics) mission. It was built by Utah State University
Space Dynamics Laboratory and is managed by NASA Langley Research Center.

Scientific objectives

SABER enhances knowledge of the radiation budget-the balance between Earth's
incoming and outgoing energy—by making the first comprehensive global measurements of
the energy balance in Earth's upper atmosphere. It measures infrared radiation or heat
emitted by the atmosphere over a broad altitude and spectral range in this region. It also
accurately determines how strongly the upper atmosphere is heated by ultraviolet radiation
from the Sun.

SABER measures the vertical distribution of ozone, water vapor and carbon dioxide which
are important gases that warm and cool the Mesosphere and Lower Thermosphere /
lonosphere (MLTI) region through absorption of solar radiation and emission of infrared
radiation (heat energy).

SABER's observations provide new information about how temperature, density and
pressure change with altitude. They also track the movement of air between the poles, from
lower to upper atmospheric regions, from season to season and around the globe. During
the mission, SABER will produce a global picture of how the MLT]I region changes over
time.

In summary, the objectives comprise:
e Study the MILT thermal structure and its variations

e Implement studies of energetics and radiatively active species in the non-LTE
environment

e Analyze Oy and HOy chemistry

e Conduct dynamics studies
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Measurement Objectives

e Conduct global-scale, simultaneous, vertical profile measurements of temperature,
key chemical constituents, and key emission features, including the following:

— Kinetic temperature

— 03, H20, NO, CO2

— 02(1A), OH(u), NO(u), 03(n3), CO2(n2)

— Atomic species O and H (O inferred 4 different ways)

e Conduct measurements (e.g., T, 03, H20, CO2) that can be used to derive and
study dynamical quantities such as geopotential height and potential vorticity

e Conduct measurements of O3, H20, OH(u), O, and H to study ozone and odd
hydrogen photochemistry in this region

e Conduct measurements of key radiative emissions to study energetics in the
TIMED core region

— True cooling: CO2(n2), NO(u), O3(n3), H20(n2)

— Solar heating: 03, 02, CO2(n3)

— Chemical heating: O3, 02, OH(u)

— Reduction of solar and chemical heating efficiencies: O2(1A), OH(u), O3(n3), CO2(n3)
The TIMED Platform

The TIMED mission is studying the influences of the Sun and humans on the least
explored and understood region of Earth's atmosphere - the Mesosphere and Lower
Thermosphere/lonosphere (MLTI). The MLTI region is a gateway between Earth's
environment and space, where the Sun's energy is first deposited into Earth's environment.
TIMED is focusing on a portion of this atmospheric region located approximately 40-110
miles (60-180 kilometers) above the surface.

The TIMED spacecraft is observing this relatively unexplored frontier from its 388-mile
(625-kilometer) circular orbit around the Earth. Employing advances in remote-sensing
technology, the spacecraft's instrument suite is working with a worldwide network of
ground-based observation sites to obtain an unprecedented set of comprehensive global
measurements of the region's temperature, pressure, wind and chemical composition, along
with its energy inputs and outputs.

The science objective of the TIMED mission is to understand the MLTI region's basic
pressure, temperature and wind structure and the spatial and temporal variations that result
from the transfer of energy into and out of this region.
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Beside SABER, GUVI (Global Ultraviolet Imager . a spatial scanning, far-ultraviolet
spectrograph that is globally measuring the composition and temperature profiles of the
MLTI region, as well as its auroral energy inputs), SEE (Solar Extreme Ultraviolet
Experiment - a spectrometer and suite of photometers that is measuring solar ultraviolet
radiation, the primary energy deposited into the MLTI atmospheric region, which includes
solar soft X-rays and extreme-ultraviolet and far ultraviolet radiation) and TIDI (TIMED
Doppler Interferometer - an instrument that is globally measuring the wind and
temperature profiles of the MLT]I region) are onboard of TIMED.

Data products are accessible via TIMED's web site (www.timed.jhuapl.edu).

1.3 Machine Learning

Machine Learning is a set of algorithms that improve their performance on a set task
through experience.” Often this is achieved by a combination of statistical methods and
numerical optimization to incrementally improve the machine learning system and gain
insight into the task that generalizes to future variations of that same task. This notion of a
task is a little abstract, but it leads us right into the different types of machine learning. The
most commonly known type of machine learning is supervised learning. In supervised
learning, we have a dataset and labels or output data for this dataset. Then we train a
machine learning model to map the samples in our dataset to the according labels. Tasks
within this type of machine learning are classification tasks, like detecting clouds in
satellite images, or regression tasks, like predicting the temperature from observations at
weather stations. ML modelling is different to classical numerical models we build, where
we have the data and the rules and obtain answers from the model. In supervised machine
learning, we flip this notion on its head and provide data and answers to derive the rules
(albeit those rules are often implicitly stated).

Another type of machine learning is defined in opposition to supervised learning:
unsupervised learning. This type of learning is relevant for large datasets that do not come
with labels or output data. Here machine learning can be used to explore the internal
structure of the data to obtain insights. Typical tasks in unsupervised machine learning are
clustering data. This task consists of building groups of samples in the dataset that belong
together based on similarities within the data itself. An example here would be grouping
weather regimes globally to find similarities in regional patterns. Another common task
consists of reducing the complexity of data. Some datasets contain multiple complex
measurements, which can be challenging to process as a human and even for computers.
Atmospheric chemistry comes to mind, where many aerosols and molecules are recorded.
This task, called dimensionality reduction, represents the original data, which is still as
expressive but easier to visualize and parse for subsequent processes. The next type of
machine learning has recently gained more traction and sits between supervised and
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unsupervised machine learning: semi-supervised machine learning. This type relies on
partially labelled datasets, and this is often the case for extremely large datasets, where
assigning corresponding outputs for every sample would simply be too expensive. Semi-
supervised algorithms then use both the internal structure of the data and the assigned
outputs of some samples to transfer these labels to both the labelled and unlabelled
portions of the data. A possible task for this problem is cloud detection in satellite images.
There we have an extensive amount of data, however, assigning cloud labels takes human
interpreters a significant amount of time. Here, we can label clouds in a subset of the data
and semisupervised learning can still use the full dataset, despite a lack of complete labels.
The final type of machine learning is called reinforcement learning. This type is a little
different to the other types we just learned about. Here we define rules and rewards in an
environment for an algorithm to explore and learn from. The most straightforward example
task for this type of machine learning is game Al, like the recent advances in computers
playing chess and Go. Other tasks include self-driving vehicles and autonomous robots.
There are fewer example tasks in weather and climate, as these environments can be tricky
to define for complex systems like the global atmospheric system. However, it has been
used in decision systems for irrigation based on weather data.

To use Earth system models to perform weather and climate predictions requires the use of
supercomputers. Machine learning can help to reduce the amount of computing which is
required for conventional modelling. This has several reasons. One: Conventional models
are very complex and require the use of many different mathematical algorithms and very
big computing codes. In contrast, the algorithms that are used for machine learning — and
in particular for deep learning — are often comparably simple. This does not only mean that
the code which is used can be very short and that many components of the code can be
reused several times, which reduces complexity, it also means that the numerical
operations and data structures are very simple in comparison to conventional models which
makes it easy to optimize the code on different hardware such as CPUs or GPUs. Two:
Deep learning tools can often be based on so-called dense linear algebra. This includes
simple linear components — such as a matrix-matrix multiplication — which require many
operations per data unit which is moved and stored. In contrast, conventional tools often
move many data units and require a comparably small number of operations per data unit.
However, modern hardware can be used much more efficiently if many operations are
performed per data unit and a heavy use of dense linear algebra is optimal to achieve good
performance. Three: In numerical models, specific variables need to be represented by a
specific number of numerical bits. Conventional models are typically using 32 or 64 bits
per variable which is stored. In contrast, a deep learning tool can often work at much lower
numerical precision — such as 16, or 8 or even 4 numerical bits. This allows to process the
data much faster and to reduce computational cost.

Four: Progress in Al is based on the use of supercomputers. The global market of artificial
intelligence is gigantic with trillions of dollars being invested every year. This is dwarfing
all equivalent investment for other application areas in supercomputing. Consequently, all
leading hardware vendors are developing computing hardware which is optimized for use
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in applications of artificial intelligence or machine learning, for example via customized
accelerator to allow for the use of low numerical precision and dense linear algebra. Even
if no machine learning would be used in the Earth system models of the future, developers
would still need to change the way how they design the models to make sure they can run
efficiently on the new machine learning hardware. Five: There is a lot of new software that
enable scientists to make quick progress when developing machine learning tools. There
are libraries — such as PyTorch or TensorFlow — which enable domain scientists who are
no specialists in machine learning to build powerful machine learning tools with minimal
effort. And the software is not only easy to use, it also allows to run the tools that are
developed efficiently on supercomputers on many different hardware configurations.

Deep learning has revolutionized many fields in recent years, including image and speech
recognition, natural language processing, and even game playing. And with its ability to
analyze vast amounts of data and make complex decisions, it has the potential to transform
the field of weather and climate prediction as well. So, what is deep learning? At its core,
deep learning is a subfield of machine learning that uses algorithms inspired by the
structure and function of the brain, specifically the neurons that make up the brain. These
algorithms, known as artificial neural networks, are designed to recognize patterns and
make decisions based on input data. But how does deep learning work? An artificial neural
network is made up of layers of interconnected "neurons,” which perform simple
calculations on its input and passes the result to the next layer. The input data is fed
through the network, layer by layer, until it reaches the output layer, where the final
decision or prediction is made. In fact, it's called deep learning, because we started out with
a single layer and figuring out how to mathematically solve stacking these networks deeper
was an important step in the 1980s. In fact, a two-layer neural network is capable of
approximating any mathematical function. Nowadays we stack up to hundreds of layers to
account for real-world data, since not everything can be neatly described by a
mathematical function.

One of the key features of deep learning is its ability to learn from data. During the training
process, the network is presented with a large set of labelled examples and makes
predictions based on these examples. Whenever the predictions are incorrect, the network
adjusts its internal weights and biases to better fit the data. This process is repeated over
and over, until the network can accurately predict the correct output for a given input. But
in my experience, the most useful part about neural networks is its versatility. Many
different disciplines work on solutions to their unique problems that often have overlap
with weather and climate prediction. The field of medicine for example works on imaging
and interpreter bias and the field of economy puts significant resources behind demand
forecasting systems. Due to the black-box nature of deep learning we can appropriate these
insights for our problems and combine them into suitable solutions. Almost like playing
with Lego So, why is deep learning particularly well suited for weather and climate
prediction? Weather and climate involve complex systems with many interacting variables,
where classical physical systems are often expensive or have to use approximations. Deep
learning can be used to analyse a large number of variables and their interactions to make
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more accurate predictions. In addition, the vast amounts of data available for weather and
climate prediction make it an ideal field for deep learning. Modern weather prediction
relies on data from satellites, weather stations, and other sources, and the volume of this
data is only increasing. Deep learning algorithms can handle this large amount of data and
the common wisdom is that in more training data yields better predictions. Finally, deep
learning algorithms are able to improve as they are exposed to more data. This means that
as we continue to collect more data on the Earth's weather and climate, our forecasting
abilities will only continue to improve if done right.

A second approach is to use machine learning methods to generate an ensemble using
generative modelling techniques. Generative modelling is often defined as creating data
from noise. The core idea is that given training data from an unknown distribution we can
train a parametric model (like a deep neural network with parameters theta) that can
generate samples from the unknown data distribution. Generative modelling can thus be
used for applications such as time-series forecasting, outlier detection, and most
importantly for us in this module, to generate missing data or artificial samples with certain
characteristics. A particularly simple generative model method has been used for
postprocessing in weather centres for decades. Ensemble model output statistics (or
EMOS) considers the statistics of past model outputs and observations to generate a
distribution for post-processing of ensemble forecasts. Many forecasters probably don’t
think of this as a generative model but it fits the definition of generative modelling we just
defined. There are two main types of generative models: ones for which we assume the
shape of the distribution either exactly or approximately, and ones for which we do not.
The EMOS method falls into the case of the former, as do a more sophisticated generative
model technique known as Variational Autoencoders. Generative models where we do not
assume the shape of the distribution include diffusion models and generative adversarial
networks (or GANS).

Chapter 2. Climate Risk Management

The effects of climate change are already being felt today: According to the latest climate
projections, extreme weather events are set to increase in frequency and magnitude in
the future. These events, such as storms/cyclones and floods, along with slow-onset
changes like sea level rise and desertification, and the resulting socio-economic aspects
pose a growing risk to the sustainable development of all countries and can lead to
economic and non-economic losses and damages. Least developed countries (LDCs) and
small island development states (SIDS) are particularly vulnerable to such risks, meaning
that their natural and social systems are more exposed to the negative impacts of climate
change and less able to cope with them. Despite current efforts for mitigation and
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adaptation, residual risks of adverse impacts of climate change remain. Assessing and
managing risks in order to avert, minimize, and address Loss and Damage is therefore
of central importance.

Climate change is one of the defining challenges of the 21st Century. The impacts of this
phenomenon are devastating and far-reaching, affecting the environment and all aspects of
humanity. Findings suggest that to mitigate climate change risks, one of the most effective
tools is the use of climate risk management and ESG practices.

Recent studies have indicated that climate change has economic and financial implications
that can significantly affect the investment landscape. Rising sea levels and extreme
natural disasters caused by global warming can disrupt a firm’s production. Assets of
companies that are heavily dependent on fossil fuels can be exposed to the risk of losing
most of their value if households, governments, and firms make bold and rapid moves
toward sustainable options.

Broadly, climate risk is the formal assessment of the consequences, likelihoods, and
responses to the implications of climate change and how societal constraints shapes
adaptation choices. In the financial space, climate risks to assets can be disaggregated into
three: regulatory or transition risk, litigation risk, and physical risk.

The transition risk encompasses climate policies and regulations that are presently being
restructured to shift the global economy away from fossil fuels. Political initiatives that are
introduced to reduce carbon emissions can make business models based on the exploitation
of fossil fuels lose much of their economic value. If financial investors do not integrate this
possibility, this can lead to a carbon burble — which basically means that fossil fuel-
dependent companies may be overvalued.

This risk is far from theoretical: the Paris agreement, signed in 2016 by 195 countries,
obligates these governments to limit the temperature increase to 1.5 above pre-industrial
levels. In efforts to comply with some parts of this agreement, states are starting to execute
environmentally friendly regulations that affect current corporate cash flows.

The business and economic impact of warmer temperatures, more frequent and severe
weather events, and rising sea levels constitute the last type of climate risk—physical risk.
Research also suggests that extreme or abnormal rainfalls and temperatures systematically
and significantly increase the risk of conflict and violence.

Comprehensive Climate Risk Management (CRM) is a systemic framework that seeks
to anticipate, avoid and prevent all types of climate risksas well as to absorb
remaining impacts from extreme weather events and slow-onset changes. Thereby, it
integrates the two research strands of Climate Change Adaptation (CCA) and Disaster
Risk Reduction (DRR) into a sustainable development framework.

Comprehensive Climate Risk Management aims to address and reduce the negative
consequences of climate change by averting climate risks through the reduction of
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greenhouse gas emissions, minimising climate risks through adaptation, and risk
management or managing residual climate risks via instruments such as climate risk
financing or transformative measures

As a public and policy issue, climate change boils down to four overarching issues: 1)
climate is changing; 2) people are causing climate to change; 3) the societal consequences
of climate change are highly uncertain but include the potential for serious impacts; and 4)
there are numerous policy options for climate change risk management, most of which are
well characterized (i.e., have known strengths and weaknesses). These four conclusions are
based on comprehensive assessment of scientific understanding and each is the result of
multiple independent lines of evidence.

Climate change risk management approaches generally fall into four broad categories: 1)
mitigation—efforts to reduce greenhouse gas emissions; 2) adaptation—increasing
society’s capacity to cope with changes in climate; 3) geoengineering or climate
engineering—additional, deliberate manipulation of the earth system that is intended to
counteract at least some of the impacts of greenhouse gas emissions; and 4) knowledge-
base expansion—efforts to learn and understand more about the climate system, which can
help support proactive risk management.

By reducing emissions, mitigation reduces society’s future contributions to greenhouse gas
concentrations in the atmosphere. Ultimately, this can help reduce the amount that climate
will change and thereby increase the potential that societal impacts will remain
manageable. Approaches to reducing emissions fall into several categories. These include
1) regulation; 2) research, development, and deployment of new technologies; 3)
conservation; 4) efforts to increase public awareness; 5) positive incentives to encourage
choices that lower emissions; and 6) adding a price to greenhouse gas emissions, which
creates incentives to reduce emissions broadly.

Adaptation involves planning for climate impacts, building resilience to those impacts, and
improving society’s capacity to respond and recover. This can help reduce damages and
disruptions associated with climate change. Adaptation policy can include regulation to
decrease vulnerability (e.g., through land-use planning and building codes); response
planning; disaster recovery; impact assessment for critical systems and resources (e.g.,
water, health, biological systems, agriculture, and infrastructure); observations and
monitoring; and efforts to minimize compounding stresses such as traditional air pollution,
habitat loss and degradation, invasive species, and nitrogen deposition.

Geoengineering refers to deliberate, often global-scale, manipulations of the climate
system. Two categories of geoengineering are most prevalent within scientific and policy
discussions: solar radiation management (offsetting human-caused warming due to
greenhouse gas emissions by reflecting incoming sunlight back to space) and carbon
removal and sequestration (extracting carbon dioxide from the air and storing it deep in the
ground or ocean).
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Geoengineering could potentially help lower greenhouse gas concentrations in the
atmosphere, counteract the warming influence of increasing greenhouse gas
concentrations, address specific climate change impacts, or offer desperation strategies in
the event that abrupt, catastrophic, or otherwise unacceptable climate change impacts
become evident. Geoengineering could also create new sources of risk because attempts to
engineer the earth system on a large scale could lead to unintended and adverse
consequences.

Research, observations, scientific assessments, and technology development can help
reveal risks and opportunities associated with the climate system and support decision-
making with respect to climate change risk management. Expanding the knowledge base
allows policy makers to understand, select, and refine specific risk management strategies
and to thereby increase the effectiveness of risk management efforts. Knowledge-base
expansion can, in some cases, also reveal entirely new opportunities for protecting the
climate system or reducing the risks of climate change impacts. As a result, policies to
expand the knowledge base can underpin and support the proactive risk management
strategies described above (mitigation, adaptation, and geoengineering).

None of the risk management options is mutually exclusive. Indeed, comprehensive
climate change risk management almost certainly includes a combination of policy
responses. However, policy choices necessarily integrate both objective information about
the climate system and our relationship with it, and subjective value judgments such as
whether we are more averse to the risks of changes in climate or the policy responses, the
ways we assess issues of fairness among nations and peoples, and the consideration we
give to cultural heritage or nonhuman species. This creates a complex and often
contentious risk management challenge.

Mitigation at the global level:

The magnitude of the adverse impacts of climate change largely depends on the global
emissions pathway in the coming years and decades . Even with the most ambitious
adaptation actions, we will have to face residual climate impacts. To keep climate change
manageable, climate change mitigation is therefore paramount. Taking ambitious action
to keep global warming well below 2° C compared to pre-industrial levels and to even
limit it to 1.5° C, is thus an important step for managing climate-related risk and probably
the best form of adaptation.

Sustainable development at all levels:

Sustainable development aims at meeting the needs of current and future
generations without exceeding Earth’s capacity to sustain life and in a way that is socially
just. Sustainable development therefore involves economic, social and environmental
considerations. This approach includes, inter alia, using renewable energy or switching to
low-carbon transportation and lifestyles. Sustainable development pathways offer multiple
co-benefits such as better air quality and access to clean energy. Adaptation measures like
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afforestation of mangroves and agroforestry often entail co-benefits such as protection
from storm floods or extreme heat, while climate-smart agriculture is essential for future
food security.

Smart combination of proven tools already applied in adaptation and disaster risk
reduction:

Tools that are already applied in the field of climate change adaptation, such as drought-
resistant crops, climate resilient cities and infrastructure or ecosystem-based adaptation, are
combined with tools of disaster risk reduction, e.g. contingency planning and early
warning systems. Capitalising on synergies between adaptation and disaster risk reduction
measures has a great potential to avoid a duplication of efforts and thus make better use of
limited financial and human resources, not only by contributing to better preparedness and
response to disasters but also by limiting or reducing damage in the first place.

Innovative adaptation instruments, e.g. risk finance and insurance as well as
transformational approaches:

Addressing residual risks that cannot be averted through mitigation and adaptation options
is another critical pillar of comprehensive CRM. Risk finance mechanisms, such as
climate risk insurance, contingency funds and social protection schemes, can
foster resilience to climate change by spreading risks across different actors, geographies
and time. These mechanisms also gain importance for addressing residual risks. To
continuously manage remaining risks, two options exist: risk transfer or re-entry of
residual risk into the risk management cycle.
Instruments for addressing L&D are not only of incremental nature. In
addition, transformational approaches such as diversification of livelihoods, and
adaptive management are needed in order to adapt to change and to reduce the risk of
losses and damages. In addition, human mobility has been and will be an important part
of development — with or without climate change. It is already widely used in regions
experiencing climate variability, e.g. seasonal labour migration. Migration and planned
relocation, as a last resort, can reduce the risk of losses and damages.

Risk Transfer Mechanisms:

Finally, in order to tackle residual risk, risk transfer mechanisms such as climate risk
insurance and social protection schemes can foster resilience to climate change by
spreading risks across different actors, geographies and time. Furthermore, in post-disaster
situations resilient recovery contributes to “build back better” and to prepare for future
climate risks.

Chapter 8. Geo-magnetic indices and dependence of weather and climate parameters
on them

Heaviside advanced the idea that the Earth's uppermost atmosphere contained an ionized
layer known as the ionosphere; in this regard, he predicted the existence of what later was
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dubbed the Kennelly—Heaviside layer. In 1947 Edward Victor Appleton received the Nobel
Prize in Physics for proving that this layer really existed.

Its existence was predicted in 1902 independently and almost simultaneously by the
American electrical engineer Arthur Edwin Kennelly (1861-1939 ) and the British
physicist Oliver Heaviside (1850-1925). However, it was not until 1924 that its existence
was shown by British scientist Edward V. Appleton, for which he received the 1947 Nobel
Prize in Physics. Physicists resisted the idea of the reflecting layer for one very good
reason; it would require total internal reflection, which in turn would require that the speed
of light (c") in the ionosphere would be greater than in the atmosphere below it. Since the
latter speed is essentially the same as the speed of light in vacuum, scientists were
unwilling to believe the speed in the ionosphere could be higher. Nevertheless, Marconi
had received signals in Newfoundland that were broadcast in England, so clearly there
must be some mechanism allowing the transmission to reach that far. The paradox was
resolved by the discovery that there were two velocities of light, the phase velocity and the
group velocity. The phase velocity can in fact be greater than c, but the group velocity,
being capable of transmitting information, cannot, by special relativity, be greater than c.
The phase velocity for radio waves in the ionosphere is indeed greater than c, and that
makes total internal reflection possible, and so the ionosphere can reflect radio waves. The
geometric mean of the phase velocity and the group velocity cannot exceed ¢, so when the
phase velocity goes above c, the group velocity must go below it. In 1925, Americans
Gregory Breit and Merle A. Tuve first mapped its variations in altitude. The ITU standard
model of absorption and reflection of radio waves by the Heaviside Layer was developed
by the British lonospheric physicist Louis Muggleton in the 1970s.

Solar Indices

A solar flare is an explosion on the Sun that happens when energy stored in twisted
magnetic fields (usually above sunspots) is suddenly released. Flares produce a burst of
radiation across the electromagnetic spectrum, from radio waves to x-rays and gamma-
rays. Scientists classify solar flares according to their x-ray brightness in the wavelength
range 1 to 8 Angstroms. There are 3 categories: X-class flares are big; they are major
events that can trigger planet-wide radio blackouts and long-lasting radiation storms. M-
class flares are medium-sized; they can cause brief radio blackouts that affect Earth's polar
regions. Minor radiation storms sometimes follow an M-class flare. Compared to X- and
M-class events, C-class flares are small with few noticeable consequences here on Earth.

Each category for x-ray flares has nine subdivisions ranging from, e.g., C1 to C9, M1 to
M9, and X1 to X9. In this figure, the three indicated flares registered (from left to right)
X2, M5, and X6. The X6 flare triggered a radiation storm around Earth nicknamed
the Bastille Day event.
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Class Peak (W/m?)between 1 and 8 Angstroms

B I<10°

C 10°<=1<10"
M 10°<=1<10"
X |>=10"

Solar Minimum is underway, and it’s a deep one. Sunspot counts suggest it is one of the
deepest minima of the past century. The sun’s magnetic field has become weak, allowing
extra cosmic rays into the solar system. Neutron monitors at the Sodankyla Geophysical
Observatory in Oulu, Finland, show that cosmic rays are percentage points away from a
Space Age record:

Researchers at the Sodankyla Geophysical Observatory have been monitoring cosmic rays
since 1964. When cosmic rays hit Earth’s atmosphere, they produce a spray of secondary
particles that rain down on Earth’s surface. Among these particles are neutrons. Detectors
in Oulu count neutrons as a proxy for cosmic rays.

As the top panel shows, cosmic rays naturally wax and wane with the 11-year solar cycle.
During Solar Maximum cosmic rays are weak; during Solar Minimum they are strong. The
Space Age record for cosmic rays was set in late 2009-early 2010 near the end of a very
deep Solar Minimum.

Records, they say, are meant to be broken. As 2019 comes to a close, neutron counts at
Oulu are approaching the very high levels seen in 2009-2010. A new record could be just
weeks or months away. This is important because excess cosmic rays pose a health hazard
to astronauts and polar air travelers, affect the electro-chemistry of Earth’s upper
atmosphere, and may help trigger lightning.

Solar activity may be represented by several solar indices. Two classical indices are
related to the electromagnetic output of the Sun: the Wolf (sunspot) number (WN) series is
the longest and most commonly used solar proxy, and the radio flux F10.7 series is the
longest series of instrumental solar observation. The international daily sunspot number
index is available from 1850 on, at e.g., ftp:\\ftp.

ngdc.org. The decimetric F10.7 index is a daily measurement of the radio flux at 10.7 cm
made at Penticton Observatory, available since 1947 (ftp://ftp.ngdc.noaa.gov). This index
appears to be better correlated with EUV irradiance than sunspot number [Donnelly et al.,
1983; Floyd et al., 2005; Dudok de Wit et al., 2009]. Both indices carry essentially the
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same information in the present study when running means over 1-yr or more are
calculated.

More recently, data relevant to the solar wind and the interplanetary magnetic field (IMF)
have become available (e.g., http://omniweb.gsfc.nasa.gov/form/dx1.html): the magnitude
|B| of the IMF and the solar wind plasma speed v at the Earth’s orbit. An important and
useful composite index is B.v2 [e.g., Rouillard et al., 2007; Finch and Lockwood, 2007].
Daily data for these parameters are available with reasonable coverage since 1965,
although the total number of gaps remains episodically high until 1995.

General Behavior of Indices
Anomalies in Cycles 20 and 23

The largest of the two main periods of significant drops of correlation coefficient between
geomagnetic and solar indices (since 1955) that we have identified occurred in the early
1970s in the declining phase of cycle 20. It is so strong that it is immediately seen in some
original data, without any processing. The other main period of low correlation occurred in
the ascending phase of solar cycle 23.

It has long been noted that cycle 20 was the weakest cycle since 1930 (cycles 12 to 16,
from 1878 to 1933 all being smaller, but cycles 17 to 23 included, i.e., from 1933 to 2008,
all being larger). Gosling et al. [1977] emphasized the unusual aspect of geomagnetic
variations during cycle 20. They noted the very large peak in geomagnetic activity that
occurred 6 years after sunspot maximum. They showed that whereas cycle 20 was rather
normal in terms of sunspot number (using as a basis the average of the nine cycles 11 to
19, i.e., 1868 through 1965), it was strongly anomalous in terms of yearly aa index. This is
clearly seen in Figure 1 around 1975. Gosling et al. [1977] further calculated cross-
correlation curves between geomagnetic and sunspot activity and found that in cycle 20 the
former lagged the latter by

5 years, compared to the average 1 or 2 years in the nine previous cycles. They attributed
the large secondary peak in aa index during 1972.5-1975 to an unusual combination of
very broad, recurrent, major geomagnetic disturbances, closely coupled to an average solar
wind speed unusually greater near solar minimum than near solar maximum. They also
concluded that coronal holes must have been in some

way unusual at that time. The anomalous length (Daily record of sunspot groups of the
Royal Greenwich Observatory (RGO), National Geophysical Data Center, Boulder,
Colorado, 1996, available at ftp.ngdc.noaa.gov) and shape [Wilson et al., 1996] of cycle 20
have also been noted. Blanter et al. [2005] showed that there was a strong anomaly in the
Markov radius of correlation of both sunspot number WN and aa index.

The irregularity of solar cycle 20 is also reflected in the evolution of the 1-yr running
means of the z index: the fundamental _11-yr period observed in all solar cycles 19 to 23
takes a remarkable form in cycle 20, displaying a series of smaller oscillations with a
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quasi-biennial period (_1.8 yr; Figure 8). Other observations of phenomena in the same
period range include fluctuations in sudden storm commencements (SSC) during cycles 11
to 22, with periods in the 1.6-1.9 yr range [Mendoza et al., 1999], cosmic ray intensity
variations in the outer heliosphere measured by Voyager, with period _1.8 yr [Kato et al.,
2001], and cosmic ray intensity as recorded at Huancayo observatory, with period _1.68 yr
[Valdes-Galicia et al., 1996; see also Rouillard and Lockwood, 2004]. Periods of all these
phenomena

are close to the one we observe.

The anomalous character of cycle 23 has been discussed by, e.g., de Toma et al. [2004],

Agee et al. [2010], and Russell et al. [2010]. It is also anomalously long and has an unusual
shape; strong irregularities in UV/EUV radiation [Lukianova and Mursula, 2011] and solar
flares [Kossobokov

et al., 2011] have been reported. Cycle 23 also violates the even-odd sequence of solar
cycles [Gnevyshev and Ohl, 1948]. There is a large variation in predictions of the
following cycle (24) given by different techniques [Pesnell, 2008] and even by similar
techniques [Hathaway and Wilson, 2006; Hathaway, 2008].

Solar activity

Approximately every 11 years, the Sun undergoes a complete personality change from
quiet and calm to violently active. The height of the sun’s activity, known as solar
maximum, is a time of numerous sunspots, with profound eruptions that send radiation and
solar particles out into the far reaches of space.
However, the timing of the solar cycle is far from precise. Since humans began regularly
recording sunspots in the 17th century, the time between successive solar maxima has been
as short as nine years, but as long as 14, making it hard to determine its cause. Now,
researchers have discovered a new marker to track the course of the solar cycle—
brightpoints, little bright spots in the solar atmosphere that allow us to observe the constant
roiling of material inside the sun. These markers provide a new way to watch the way the
magnetic fields evolve and move through our closest star. They also show that a substantial
adjustment to established theories about what drives this mysterious cycle may be needed.
Historically, theories about what's going on inside the sun to drive the solar cycle have
relied on only one set of observations: the detection of sunspots, a data record that goes
back centuries. Over the past few decades, realizing that sunspots are areas of intense
magnetic fields, researchers have also been able to include observations of magnetic
measurements of the sun from more than 90 million miles away.
In the giant system that connects Earth to the sun, one key event happens over and over:
solar material streams toward Earth and the giant magnetic bubble around Earth, the
magnetosphere helps keep it at bay. The parameters, however, change: The particles
streaming in could be from the constant solar wind, or perhaps from a giant cloud erupting
off the sun called a coronal mass ejection, or CME. Sometimes the configuration is such
that the magnetosphere blocks almost all the material, other times the connection is long
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and strong, allowing much material in. Understanding just what circumstances lead to what
results is a key part of protecting our orbiting spacecraft from the effects of such space
weather. NASA's THEMIS mission observed how dense particles normally near Earth in a
layer of the uppermost atmosphere called the plasmasphere can send a plume up through
space to help protect against incoming solar particles during certain space weather events.
Now, for the first time, a study shows that in certain circumstances a pool of dense
particles normally circling Earth, deep inside the magnetosphere, can extend a long arm
out to meet — and help block — incoming solar material. Now, for the first time, a study
shows that in certain circumstances a pool of dense particles normally circling Earth, deep
inside the magnetosphere, can extend a long arm out to meet — and help block — incoming
solar material. Closer to Earth, scientists could also study the sphere of cold dense gas at
the very top of our atmosphere. This region is called the plasmasphere and it's made of
what's known as plasma, a gas made of charged particles. GPS signals travel through the
plasmasphere and they travel at different speeds depending on how thick or thin the
plasmasphere is along the journey. Tracking the GPS radio signals, therefore, can help
researchers map out the properties of the plasmasphere.

The Sun is the source of the energy that causes the motion of the atmosphere and thereby
controls weather and climate. Any change in the energy from the Sun received at the
Earth’s surface will therefore affect climate. During stable conditions there has to be a
balance between the energy received from the Sun and the energy that the Earth radiates
back into Space. This energy is mainly radiated in the form of long wave radiation
corresponding to the mean temperature of the Earth.

The effects of the radiation and particles that stream out from the Sun would be quite
deadly for the inhabitants of Earth if not for two protective features. The first one is Earth’s
atmosphere, which blocks out the x-rays and most of the ultraviolet radiation. When x-ray
or ultraviolet photons encounter the atmosphere they hit molecules and are absorbed,
causing the molecules to become ionized; photons are re-emitted but at much longer (and
less biologically destructive) wavelengths. The second protective mechanism is the Earth’s
magnetic field. This protects living organisms from the charged particles that reach the
planet steadily as part of the solar wind and the much greater bursts that arrive following
mass ejections from the Sun. When charged particles encounter a magnetic field, they
generally wrap around the field lines. Only when the path of the particle is parallel to the
field can it travel without deflection. If the particle has any motion across the field lines it
will be deflected into a circular or spiral path by the Lorentz Force. Most charged particles
in the solar wind are deflected by the Earth’s magnetic field at a location called the
Magnetopause, about 10 Earth radii above the Earth on the day side. Inside the
Magnetopause, the Earth’s magnetic field has the dominant effect on particle motion, and
outside, the solar wind’s magnetic field has control (Www.spaceweather.gov ).

Until 1960, Earth’s magnetic field, called the geomagnetic field, was thought to be a
simple dipole field like that of a bar magnet. We do not yet know the details of what
produces the geomagnetic field, except that there must be currents circulating inside Earth,
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probably associated with the molten core. With the discovery of the solar wind, physicists
realized that the magnetic field of Earth is pushed away from the Sun. The solar wind
exerts a pressure on Earth’s magnetic field which compresses it on the Sun-facing side and
stretches it into a very long tail on the side away from the Sun. This complex magnetic
envelope is called the magnetosphere .On the Sun-facing side, the solar wind compresses
the magnetosphere to a distance of about 10 Earth radii; on the downwind side, the
magnetotail stretches for more than 1000 Earth radii. The magnetosphere is filled with
tenuous plasmas of different densities and temperatures, which originate from the solar
wind and the ionosphere. The ionosphere is the highly charged layer of Earth’s atmosphere
which is formed by the ionizing effect of solar radiation on atmospheric molecules. This
extension of the Sun’s magnetic field is called the interplanetary magnetic field and it can
join with geomagnetic field lines originating in the polar regions of Earth. This joining of
the Sun’s and Earth’s magnetic fields is called magnetic reconnection, and happens most
efficiently when the two fields are anti-parallel. Through reconnection the magnetic fields
of Sun and Earth become coupled together Solar wind particles approaching Earth can
enter the magnetosphere because of reconnection and then travel along the geomagnetic
field lines in a corkscrew path. Positive ions and electrons follow magnetic field lines (in
opposite directions) to produce what are called field-aligned currents. The solar wind and
the magnetosphere form a vast electrical generator which converts the kinetic energy of
solar wind particles into electrical energy. The very complex plasmas and currents in the
magnetosphere are not fully understood. Some of the solar wind particles travel back along
the magnetotail in currents which make the tail look like it has a giant battery in it. Some
particles follow the field lines that converge near the polar regions of the earth and bounce
back and forth, trapped in a magnetic mirror. Other particles are injected into the
ionosphere and form an oval of light around the polar regions of Earth, called the Auroral
ovals. The northern lights are called the Aurora Borealis, while the southern lights are
called the Aurora Australis.

Since the early 1900’s scientists have suspected that both the auroras and the variations in
the Earth’s magnetic field must be caused by some kind of currents which flow in the
upper atmosphere. Today we know that there are many currents which flow in the
magnetosphere caused by the very complicated interplay between the solar wind and
Earth’s magnetic field. Although these currents are only partially understood at present, the
one that has been studied most extensively is the Birkeland current, which is associated
with the auroras. When the solar wind encounters the Earth’s magnetic field about 50,000
km above Earth, an electromotive force (EMF) of about 100,000 volts is generated. This
applied EMF is distributed throughout the magnetosphere and Earth’s upper atmosphere,
much as the voltage from a electric utility generator is distributed around a power grid. A
portion of the solar-wind-generated EMF, perhaps 10,000 volts, accelerates electrons down
magnetic field lines into the ionosphere at altitudes of about 100 km. These electrons first
travel horizontally and then back up to the upper atmosphere to form a closed circuit.
Although this circuit has many similarities to a simple circuit with wires and a battery, it is
also very complex since it occurs in three-dimensional space and varies wildly in time as
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the solar-wind intensity changes. It is the high-speed electrons near the bottom of this
current loop which collide with molecules and atoms of the atmosphere that produce the
auroras. The strongest Auroral emission comes from altitudes of about 100 km. As with
any simple circuit, energy is dissipated as the electrons flow around the loop. Some of this
energy shows up as the light of the auroras, but most of it becomes thermal energy—
heating the atmosphere. Another important result of the Birkeland current is that, like any
current loop, it produces a magnetic field. This field extends down to the Earth’s surface
where it adds to the geomagnetic field, causing it to fluctuate. These fluctuations in
magnetic field can then induce currents in the Earth’s surface, or in conductors like power
lines or pipelines. All of this is determined by the behavior of the solar wind reaching
Earth, which in turn is determined by the events taking place on the Sun. It also means that
many of our electronic systems on Earth may become disrupted or even damaged. Our sun
produces high-energy solar cosmic rays (protons and ions) in Solar Proton Events (SPES).
These particles generally have energies in the range of 10 MeV to 100 MeV [4]. Very
energetic SPE events are also capable of generating near-relativistic protons in the order of
20 GeV.4 Table 3 gives the arrival time of the protons based on energy level after the solar
flare first becomes visible on the Earth. In general, SPEs take from hour to minutes to
reach Earth depending on their energy. High-energy protons in SPEs produce ultraviolet
auroras, invisible to the human eye, when they collide with Earth’s atmosphere. These
reactions produce NOx byproducts that eventually settle on the planet’s surface. The
nitrates from large SPEs are detectable in the ice cores. The observations show that a
massive SPE can also produce a short-lived major magnetic spike on Earth. Protons in
SPEs and CMEs have energy spectrums ranging from around 10 KeV to above 20 GeV.
However, solar events producing protons with energies above 1 GeV are rare. Due to
geomagnetic shielding solar energetic particles with energies less than 100 MeV can only
reach the Earth’s atmosphere over Polar Regions where they lose their energy in collision
with atoms in the atmosphere creating a cosmic ray shower of particles. If the particles
have energies greater than 500 MeV, the cosmic ray shower can penetrate to the planet’s
surface

The complex coupling of the solar wind and the geomagnetic field produces many effects
near Earth. Earth is embedded in the outer atmosphere of the Sun and therefore is affected
by events which occur in the surface layers and coronal regions of the Sun. Terrestrial
effects are the result of three general types of conditions on the Sun: eruptive flares,
disappearing filaments and coronal holes facing Earth.

Mid-latitude coronal holes (usually occurring during the phase of solar activity following
solar maximum) are sources of high-speed solar wind streams, which buffet Earth in
synchronism with the 27-day solar rotation. Previously the cause of these recurring
geomagnetic storms was unknown, so the regions were called M-regions, M for
mysterious. Non-recurrent major storms and large geomagnetic storms are almost always
associated with coronal mass ejections (CMEs) and with the shock waves associated with
CMEs.
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Several centuries ago, the disruptive effects of the Sun were totally unnoticed by humans.
But as technology developed that utilized currents, conductors, and eventually
electromagnetic waves, the disruptive effects of the Sun became evident. Early telegraph
systems in the 1800s were subject to mysterious currents that seemed to be generated
spontaneously.

When an intense surge of solar wind reaches Earth, there are many changes which
occur in the magnetosphere. The day side of the magnetosphere is compressed closer to the
surface of Earth and the geomagnetic field fluctuates wildly. This type of event is generally
called a geomagnetic storm. During a geomagnetic storm the high-latitude currents which
occur in the ionosphere change rapidly, in response to changes in the solar wind. These
currents produce their own magnetic fields which combine with Earth’s magnetic field. At
ground level, the result is a changing magnetic field which induces currents in any
conductors that are present.

When a mass of plasma is ejected from the Sun, the plasma travels outward in the solar
wind. These plasma bursts have their own magnetic fields which are carried along with the
plasma. How these fields are oriented when they arrive at Earth determines whether
magnetic reconnection will occur. When the direction of the solar wind field is opposite
the direction of Earth’s field, magnetic reconnection occurs, and the geomagnetosphere
essentially becomes a part of the solar magnetic field. In this condition, Earth is much
more prone to the effects of the solar wind. Solar wind particles can enter the
magnetosphere more easily, and those already within the magnetosphere are energized.
Changes in solar wind magnetic fields cause wild fluctuations in the magnetospheric fields.
In response to these fluctuations, in accordance with Lenz’s Law, massive currents flow
throughout the magnetosphere. It is these high altitude currents that induce voltages at
ground level. If the magnetic field of the solar wind is in the same direction as the Earth’s
field, then magnetic reconnection does not occur and the magnetosphere is much more
separated and protected from the solar wind [6]. The Sun-Earth environment has variables,
which are changing on regular basis due to starbursts. These variables are the Kp, proton
flux and E-flux. Sudden changes in these parameters may abruptly influence the
environment of the Earth. If an E-flux hike is responsible for global warming, then an E
flux lowering may lead to snowfall, thunderstorms and erratic rainfall. The effect of earth
directed CME would not only trigger the earthquake, but affect the whole environment of
the Earth, including the destruction of ozone layers leading to climate change.

The effect of Earth directed Coronal Mass Ejections (CME) from the Sun reveals a
sensational impact on the atmosphere and geosphere. It has been observed that there is a
close relationship between Kp values (Planetary Indices) and particle flux (Electron flux
and Proton Flux) with the CME. The response of the magnetosphere to interplanetary
shocks or pressure pulses can result in sudden injections of energetic particles into the
inner magnetosphere. Solar active regions usually reach kilogauss values in their magnetic
field. When the earth directed CME glances along the magnetic shield, local disturbances
in the atmosphere of the Earth have been noticed. Cyclic changes of the general

231



atmosphere circulation are of prime interest as are the transformation and recurrence of
circulation forms, which characterize planetary wave dynamics. The changes of the
atmospheric pressure in geomagnetically and electronically excited cases (including the
solar activity effect) in comparison to the variations in geomagnetically and electronically
quiet cases.

In order to identify connection between geomagnetic activity and synoptic and circulation
processes 2015-17 warm period (I11-1X months) various synoptic and geomagnetic indices
daily data (http://SunSpotWatch.com) have been studied for Georgian conditions.

Table 1. Geomagnetic activity indices and meteorological elements daily data for 2015-17
warm period in Georgia

Geostorms Insignificant cloudiness (700 | Showers. Thunderstorm
hpa)
Geomagn. | Geomagn Number of | Circulation Number | Circulation
ind storm type | events processes of processes
Index events
K4 Active 10 South-west 20 South-east wave
wave South-west wave

High pressure area
High pressure area

(1 event)
K5 Minor storm | 25 South-west 10 South-east wave
wave South-west wave
K6 Moderate 23 High pressure | 8 South-east wave
storm area (8 event) South-west wave
K7 Strong 4 High pressure | 3 South-west wave
storm area (3 event)
K8 Severe 1 High pressure | -
storm area

It is ascertained that during all magnetic storms south-west or south-east wave processes
have been formed and strong storms create high pressure areas. Depending on the synoptic
situation wave processes leads the formation of thunderstorm and heavy showers. In
addition, through geomagnetic storms the direction of circulation processes may drastically
be changed.

The NOAA Space Environment Services Center (SESC) in Boulder is one of the world

centers that make forecasts of solar and geomagnetic activity. Daily predictions are issued

for the likelihood of solar flares, proton flares, x-ray events and magnetic storms. Longer-
232



http://sunspotwatch.com/

range forecasts are also made so that the launches of manned spaceflights can be planned
with more safety. The SESC is a worldwide nerve center for about 1400 data streams,
including x-ray and particle flux data from the GOES satellites, H_ images and
magnetograms from observatories around the world, measurements of the geomagnetic
field at many locations, and 10.7-cm radio levels from several radio telescopes. Each day
the features of the solar disk are mapped by hand so that the evolution of active regions,
coronal holes, filaments, and neutral lines may be carefully studied. Forecasters attempt to
consider all of this information when making their daily forecasts of solar effects on Earth.
At the present time, these forecasts are not very reliable; major flares are sometimes not
forecast and predictions that are made often do not come true. Even though forecasters
have a large amount of data to work with, the physics of the Sun, the magnetosphere, and
the interplanetary medium is not well understood. At the present time, many partial
mathematical models have been developed, but there is no comprehensive model of the
Solar-Terrestrial environment.

In most cases, the ability to predict the behavior of nature comes from a mathematical
model. For example, the motion of an object falling in a gravitational field can be modeled
using the mathematical expression v = g _ t . Earth weather forecasters have been trying
for the last 30 years to construct a mathematical model of the global weather using the very
complex equations of fluid dynamics to describe the circulation of the oceans and
atmosphere. Even with the best supercomputers to run these models, it has proven
impossible to precisely model Earth weather. Modeling the solar-terrestrial environment is
vastly more complex. The physics necessary to do this includes not only fluid dynamics
but also Maxwell’s equations. This combination is known as magnetohydrodynamics
(MHD) [8], and at the present time the equations of MHD cannot be completely solved
analytically. Numerical solutions exist which involve the use of a computer in a “trial and
error” fashion. Numerical solutions, however, can give incorrect results and at best are an
approximation. There is some suspicion that we have not yet developed the physics
necessary to fully understand the Sun, where strong magnetic fields are erupting and
plasmas swirl at ultra-high temperatures. The issue needs further investigation applying
guantum filed theory that is more suitable for description of photon-photon or photon-
charged particle interaction. It may be assumed that for weather forecasting the only
existed numerical weather models aren’t sufficient and they have to be enhanced by
electromagnetic models to make forecasting more precise.

The Sun is the source of the energy that causes the motion of the atmosphere and thereby
controls weather and climate. Any change in the energy from the Sun received at the
surface will affect Earth climate. During stable conditions there has to be the balance
between the energy received from the Sun and the energy that the Earth radiates back into
the Space. This energy is mainly radiated in the form of long wave radiation corresponding
to the mean temperature of the Earth.

Solar transients; Solar Flares, Coronal Mass Ejections (CMEs), Solar Energetic Particles
(SEPs) are the drivers of the Space Weather Effect in Geo-Space. When the gigantic cloud
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of plasma released through solar transient phenomena interacts with the Earth’s magnetic
environment it leads to the geomagnetic storms. Geomagnetic storms can be characterized
by depression in the H component of geomagnetic field. This depression in H component
of earth’s magnetic field is caused by the Ring Current encircling the Earth in a westward
direction. Earth’s ionosphere responds to varying solar and magnetospheric conditions.
During geomagnetic storm due to the compression of earth’s magnetosphere by solar wind
electric fields have been observed along the geomagnetic field lines to the high latitude
ionosphere. Sometimes this electric field penetrates to low latitudes and energetic particles
precipitate into the lower thermosphere and below, increasing ionospheric conductivity and
expanding the auroral zone [2, 3]. These intense electric currents are responsible for the
coupling of high latitude ionosphere with magnetosphere and the enhanced energy input
leads to considerable heating of the ionized and neutral gases. There are two types of
effects, in time scale, on the Earth produced by solar transients; prompt and delayed.
Geomagnetic Storm effects are delayed effects due to cloud of particles ejected from Sun.

The sun undergoes cyclical (~22 year) pattern of magnetic pole reversals observable in the
frequency of sunspot activity. This pattern is comprised of two ~11 year solar cycles
phases. In the first phase, the sun’s magnetic poles reverse polarity. In the second phase,
the sun reverses the magnetic polarity again returning the poles back to its original
polarity. Solar storm activity is strongly phase dependent. Accordingly Earth magnetic
field is influenced by this reverse.

Solar flares are magnetically driven explosions on the surface of the sun. Approximately 8
minutes after solar flare occurs on the surface of the sun, a powerful burst of
electromagnetic radiation in the form of X-ray, extreme ultraviolet rays, gamma ray
radiation and radio burst arrives at Earth. The ultraviolet rays heat the upper atmosphere
which causes the outer atmospheric shell to expand. The x-rays strip electrons from the
atom in the ionosphere producing a sudden increase in total electron content. Solar flares
produce satellite communications interference, radar interference, shortwave radio fades
and blackout and atmospheric drag on satellite producing an unplanned change in orbit and
other disturbances in upper atmosphere.

CMEs are vast clouds of seething gas, charged plasma of low to medium energy particles
with imbedded magnetic field, blasted into interplanetary space from the Sun. When a
CME strikes Earth, the compressed magnetic fields and plasma in their leading edge smash
into the geomagnetic field. This produces temporary disturbance of the Earth’s
magnetosphere called a geomagnetic storm and the equatorial ring of currents, differential
gradient and curvature drift of electrons and protons in the Near Earth region. The
birthplace of CMEs are often seen to originate near the site of solar flares.

The severity of a geomagnetic storm depends on the orientation of Earth's magnetic field in
relation to the solar storm magnetic orientation. If the particle cloud has a southward
directed magnetic field it will be severe, while if northward the effects are minimized.
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A CME can produce the following affects: electrostatic spacecraft charging, shifting of the
Van Allen radiation belt, space track errors, launch trajectory errors, spacecraft payload
deployment problems, surveillance radar errors, radio propagation anomalies, compass
alignment errors, electrical power blackouts, oil and gas pipeline corrosion,
communication landline & equipment damage, electrical shock hazard, electrical fires,
heart attacks, strokes, and traffic accidents. Magnetospheric storm is a 1-3 day long
phenomenon spanning all the magnetosphere regions, and it features sharp depressions in
the magnetic field. During storms and substorms, the ionosphere undergoes rather
significant Joule heating with a great power of precipitating energetic particles. Huge
energy increases the ionosphere temperature and causes large-scale ion drifts and neutral
winds.

The Sun continuously provides solar radiation to the Earth, and there is considerable
variation in the spectral density. This radiation is sporadically modified by flare events that
affect the magnetosphere, thermosphere, and ionosphere. The quasi-steady flow of the
solar wind is also modified by coronal mass ejections (CMEs), which accelerate energetic
particles and cause geomagnetic storms during subsequent impacts on Earth. Observations
have suggested that energetic particle forcing may affect wave propagation, zonal mean
temperatures, and zonal winds in the Northern Hemisphere winter stratosphere. However,
the mechanisms by which these changes occur are still not known. As changes in the
Earth’s atmosphere occur, whether due to changes in solar forcing or in response to
enhanced anthropogenic activity and increased greenhouse gas (GHG) concentrations, the
energy balance of the Earth’s atmosphere is altered and this affects its dynamics. Changes
can occur in the propagation of atmospheric gravity waves, planetary waves, and tides,
which play important roles in driving the general circulation of the middle atmosphere. The
thermosphere-ionosphere system is known to vary substantially with altitude, latitude,
longitude, universal time, season, solar cycle and geomagnetic activity, as a result of
mechanisms inherent to the system, as well as a result of space weather. The primary
driving mechanism is solar radiation (EUV and UV), but precipitation of charged
magnetospheric particles and magnetospheric electric fields also have significant effects on
the ionosphere-thermosphere system. The driving processes determine the density,
composition, and temperature of the ionized and neutral constituents of the upper
atmosphere.

The solar wind conditions that are effective for creating geomagnetic storms are sustained
(for several to many hours) periods of high-speed solar wind, and most importantly, a
southward directed solar wind magnetic field (opposite the direction of Earth’s field) at the
dayside of the magnetosphere. This condition is effective for transferring energy from the
solar wind into Earth’s magnetosphere.

The largest storms that result from these conditions are associated with solar coronal mass
gjections (CMESs) where a billion tons or so of plasma from the sun, with its embedded
magnetic field, arrives at Earth. CMEs typically take several days to arrive at Earth, but
have been observed, for some of the most intense storms, to arrive in as short as 18 hours.
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Another solar wind disturbance that creates conditions favorable to geomagnetic storms is
a high-speed solar wind stream (HSS). HSSs plow into the slower solar wind in front and
create co-rotating interaction regions, or CIRs. These regions are often related to
geomagnetic storms that while less intense than CME storms, often can deposit more
energy in Earth’s magnetosphere over a longer interval.

To establish influence of geomagnetic activity on the formation of weather pattern
geomagnetic indices achieve and meteorological observation database for 2014-18 have
been analyzed. The 4 location were chosen namely: Thilisi- (Kartli Region), Batumi-
Adjara Region, Telavi-Kakheti Region and last one in high mountain zone-Mta-Sabueti.
The results showed that always weather pattern change: increase wind velocity;
temperature change (decrease); precipitation amount increase follows geomagnetic
activity. Here Thilisi data is used.

To identify connection between geomagnetic activity and meteorological processes 2014-
17 period precipitation, wind, temperature observation data and geomagnetic indices daily
data (http://SunSpotWatch.com) have been studied for Georgian conditions. Below
presented charts show the correlation between meteorological parameters with geo-
magnetic activity expressed in indices.

The analysis has been conducted for current, pre and aftershock 3 and 5 days. For
meteorological parameters current day is crucial and 3,5 day time lapse is reliable for
circulation processes. It is ascertained that during all magnetic storms south-west or south-
east wave processes have been formed and strong storms create high pressure areas.
Depending on the synoptic situation wave processes leads the formation of thunderstorm
and heavy showers. In addition, through geomagnetic storms the direction of circulation
processes may drastically be changed

The Vere River tragedy in 13 June, 2015 is clear evidence of how meteorological disaster
triggered geo-hazard. On this day, flash-flood on Vere River flooded part of Thilisi city,
destroyed buildings, infrastructure, Zoo, many Zoo habitats and 18 humans were dead.
After analyzing satellite data and synoptical situation it became clear what happened.
During several days from 9 to 14 June 2 MEV high energy electrons penetrate atmosphere.
The abundant amounts of electrons create stable clusters in lower atmosphere resisting
precipitation infall. After they became so massive that couldn’t resist gravitation the great
amount of rain water has been fallen out from clouds, causing flooding.

It is not fully clear the physical mechanism of this correlation and the issue needs further
investigation applying quantum filed theory that is more suitable for description of photon-
photon or photon-charged particle interaction as during geomagnetic activity great amount
of charged particles and photons penetrate atmosphere.

The most of water properties are preconditioned by the fact that three component atoms
aren’t placed on one line. Negative charge prevailed on oxygen atoms part and positive on
hydrogen. Thus water molecule is electrically polarized. Among atoms and molecules acts
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force that always has attractive character. It is intermolecular dispersive or Van-Deer-
Vaalse force. It is only one of the expressions of electromagnetic force. It acts among
electrically neutral systems such as dipole or quadruple. In dipoles force reduces by r
inverse proportional and in quadruple by r®. It is not temperature dependent and it s nature
is quantum. By increasing dipole number their interaction increases.

From analyzing of historical records of meteorological observations and geomagnetic
activity this correlation became more obvious. Many dangerous hydrometeorological event
(flood, landslide) occurred over Georgian territory has driven by this activity, as the result
of intensification of precipitation amount. Even hail processes intensification are the result
of increasing atmosphere electricity and thunderstorm activity, that are produced by high
energy charged particles intrusion into upper atmosphere.

These kinds of studies are essential in understanding of Earth magnetism and the Sun-
Earth environment. It may be assumed that for weather forecasting the only existed
numerical weather models aren’t sufficient and they have to be enhanced by magnetic
models to make forecasting more precise.

Basis of quantum meteorology

Water is a compound and polar molecule, which is liquid at standard temperature and
pressure. It has the chemical formula H,O, meaning that one molecule of water is
composed of two hydrogen atoms and one oxygen atom. Water is found almost
everywhere on earth and is required by all known life. About 70% of the Earth's surface is
covered by water. The important feature of the water molecule is its polar nature. The
water molecule forms an angle with hydrogen atoms at the tips and oxygen at the vertex.
Since oxygen has a higher electronegativity than hydrogen, the side of the molecule with
the oxygen atom has a partial negative charge. Usually the molecule with such charge
difference is called a dipole. The charge differences cause water molecules to be attracted
to each other and to other polar molecules. This attraction is known as hydrogen bonding.
This bonding gives water unusual properties. Many studies and experiments with HT
equipments are made to understand water properties .

The interaction of light (photon) and cloud particles according main quantum assumption
that system internal energy is composed by bound microparticles (cluster) under certain
conditions can obtain allowed discrete significances has been discussed in the article. The
objective is to calculate the transition probability from one state into another caused by
inner forces or any internal processes. The cluster may be presented as multipole system.
The multipole is the system composed by couple opposite charges that have definite
symmetry type. The simplest is the dipole. If the transition is forbidden in dipole approach
it may happen in higher approaches — quadrupole (electric) or magnetic dipole. Their
probability is approximately 10° times less than dipole. To search out transition probability
of cluster from basic state into exciting or virtual one interacting with electromagnetic field
the identification of Einstein factors have to be needed .

237


http://www.worldofmolecules.com/interactive_molecules/water.htm

The some peculiarities of microstructure of cloud formations have been discussed using
guantum disperse forces or Van-Der-Vaals forces that are typical for water particles. To
obtain the expression for interaction potential the wave functions of basic and exited states
of clusters and dispersion matrix have been introduced describing by virtual photon. It has
been turned out that virtual photon interaction causes potential holes and barriers that are
decreased by height and width. The isolated long wave quant may be the radiation that is
generated throughout observed microphysical processes.

Methods

The water H,O is the molecule everybody knows and life is impossible without it. But for
all its familiarity and import for life, aspects of water's behavior have been hard to
understand, including its transformation in cloud medium.

Meteorology is an extraordinarily interdisciplinary subject, with quantitative links to many
of the applied sciences and now in presented paper cloud medium is discussed using
guantum theory.

Microparticles are described using wave function in quantum mechanics. The quantum
system state is considered defined if its wave function (Schrédinger) or ket-vector (Dirac)
is given.

The system energy change comes with quantum transportation from one energetic level
into another. If E;>E, than system emits energy equal to E;-E, and if E;>E, then absorbs.
Such transportations happen while interaction with electromagnetic radiation. Emitted or
absorbed photon energy is defined by Bohr frequency law:

hwy, =|E, — E,| )

Molecules full energy may be presented by the kinetic energy sum connected with mass
center and by internal energy sum. Molecules energy may be considered as compound
from three parts:

1. Electron energy connected with their rotation around nuclei
2. Eys — oscillation energy connected with nuclear vibration towards mass center
3. E,t —rotation energy connected with molecules rotation towards mass center

Diatomic molecule rotates around mass center located on symmetry axis of molecule.
Rotation energy is defined as:

E

=h2 KK _ BK (K +1)

rot 21 -

)
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where I=MR,’ inertial moment;
B- rotation constant;

K=0, 1, 2, 3 rotation quantum number

|M r°t| =VK(K+Dh impulse momentum of rotation

Vibration energy may be defined as following

Eos = I':]WO (g +%) _hWOK(q +%)2

@)

K=" 1 .
where 4D —is nonharmonic constant.
Characterization of electric terms doesn’t differ from diatomic molecule terms. In molecule
nucleus electic field have no central symmetry thus the full orbital moment haven’t been
kept. In diatomic molecule the electric field has axial symmetry and in this case the
component on the axis passing through the nucleus of orbital momentum has been kept. It
is called molecule orbital quantum number and gets discrete values 0,1,2,...

Molecule state is also chracterized by full electron spin S and it has internal quantum
number 2=A+S

The light is considerd as the combination of photons with ka state and v ,hk impulses.
Photon or molecular system interaction happens by forming or disappearance of light
guants. During this process energy and impulse are keeping. Quantum trasformation is
system trasportation from one energetic state into another. The task is to identify
transformation probability from one energetic state into another.  Clusters may be
presented as multipole systems. Multipole is the system compound from couple of opposite
charges, obtaining definite symmetry. The simpliest is dipole. If transpostation is
prohebitated in dipole approach it may happen in higher approach — quadropole (electric)
or magnetic dipolic.

Their probability is 10° time less than dipole. To identify transportation probability the
Einstein members have to be defined according clusters properties. Spontaneous and
forced motion members may be identifies.

Quantum transition combination is characterized by D, humbers two dimensional unity
and is infinite matrix:
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where
is dipole transition matrix element

The nondiagonal matrix elements are time functions and corresponds light absorption or
emitting by those frequencies defined from Bohr frequency selection low.

And Einstein members can be defined as for spontaneous and forced transition
probabilities:

3
Amn = ~n (Dmn)2

- 3 .- -
3qorhc - spontaneous transition probability

an_ = (Dmn)2

12qon -forced transition probability

Amn is approximately 10° sec ™

If some matrix element equals 0 it is called prohibited then this transition doesn’t happens
in dipole approach and happens in magnetic. If transitions are prohibited or banned for
clusters higher energetic level the lower energetic level is called metastable and clusters
life duration is 10" sec. or more.

If transition is allowed in dipole approach then system life duration is of spontaneous
transition probability order. If transition is banned in dipole approach or D=0 it doesn’t
mean that it haven’t happen generally as cluster has electric quadruple or magnetic dipole
moment. If transition is banned for clusters high energetic level than lower level in electric
dipole interactions is called as metastable level. In this clusters life duration is 10° sec or
more. In first quantum transition approach there acts Bohr prohibition principle. If such
transition still happens it would be on the second or higher approach order and probability
will be also less. Such are light scattering in viscous medium, mist, aerosols and etc.

This process on molecular level happens as follows: if outer emitting frequency differs
from absorption frequency energy quant is anyway transmitted to the cluster which
transforms into virtual state with short life period and will be defined from the uncertainty
principle. Then it emits same frequency photon and returns at initial state. | definite
conditions cluster may transform into final state from virtual. 1 simple case the falling
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wave is flat and emitted spherical. Energy and impulse are kept as usual except virtual
state, when energy isn’t keeping. For those transitions it is necessary that the electron-
photon interaction matrix element have to be differs from 0.

In definite conditions cluster may transform from virtual into final state that will be differ
from initial. Also emitted photon has different polarization and frequency.

In second approach it is possible the existence of two photon absorption process. After
absorbing photon system transits into virtual state where it absorbs another photon and
then transports into stationary state

In classical mechanics, the possible states of system S are all positive normalised functions
(Distribution function) on the phase space P and possible observables are all real function
on P. P is fixed and uniquely associated with the system alone and forms the basis of this
kinematic description. Hence, transitions between different sets of observables similar to
those described above would be impossible in classical mechanics. They are only enabled
in quantum mechanics by the non-objective character of observables: not only their values
cannot be ascribed to microsystem S alone but some of them are not even registrable in
principle due to external conditions in which S is. It is assumed that the quantum
kinematics of a microsystem is defined mathematically by the possible states represented
by all positive normalised (trace one) operators, and possible observables represented by
some self-adjoint operators, on the Hilbert space associated with the system. Then the
transitions of states and observables that go with changes of separation status cannot be
viewed as a part of a dynamical trajectory due to some new version of the dynamics of S,
but as a change of its kinematic description. Thus, although the change of separation status
is similar to the collapse of the wave function (the non-local character included), it is both
more radical and better understood.

On Earth the dimpliest and common is water molecule that has essential significance in
existence of organ and nonorganic life. The most of its properties are preconditioned by the
fact that three component atoms aren’t placed on one line. Negative charge prevailed on
oxygen atoms part and positive on hydrogen. Thus water molecule is electrically polarized.
The cloud properties and their stability may be explain from water molecules properties
and characterizing forces that reach maximum for 1micro-meter particles and are separated
from each other on 50km distance

The comparison between the experimental and calculated molecular dipole moments is
difficult, as the experiments are measuring the dipole moment in the vibrational ground
state 10, whereas the calculations are carried out for the equilibrium dipole moment we, and
thus we would have to carry out a vibrational averaging in order to speak of the same
guantity. However, there are a few experimental values for ue. However it is estimated as
H,O= 1.8473(10) [6,7].

For the total molecular energy, i.e., E in the molecular SchrAodinger equation, there is no
experimental counterpart. and we examine it in order to establish a feeling on the severity
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of the approximations involved in the calculation. We should recall that there were a third
class of approximations in addition to the truncation of one- and N-electron spaces:
approximations in the molecular Hamiltonian ~H . To investigate the validity of the use of
the non-relativistic Hamiltonian, we include the leading-order one-electron relativistic
corrections that include the spin-orbit interaction (SO), mass-velocity (MV), and the
Darwin (Dar) corrections. The leading-order two-electron contributions, such as the two-
electron Darwin contribution and the spin-spin contact interaction, are smaller by at least
one order of magnitude. The MV and Dar corrections are always of opposite sign. The
calculation is carried out using the CCSDT model for the water molecule in the cc-pCVXZ
bases, at a CCSD(T)/cc-pCVQZ geometry.

Total energy [Eh]

CCSDT HF
Dz -76.24121 -76.02680
TZ -76.33228 -76.05716
QZ -76.35981 -76.06482
5Z -76.36899 -76.06708

Among atoms and molecules acts force that always has attractive character. It is
intermolecular dispersive or Van-Deer-Vaalse force. It is only one of the expressions of
electromagnetic force. It acts among electrically neutral systems such as dipole or
quadruple. In dipoles force reduces by r* inverse proportional and in quadrupole by r®. It
is not temperature dependent and it s nature is quantum [8,9]. By increasing dipole number
their interaction increases. But its interaction is limited by the matter that light speed is
finite

For cluster stable and exiting states wave function ¥ =*(¥.2.1) haye been used. Its physical
essence is that it is particle detection probability in d, volume for t time moment.

Probability is defined as

W = |‘I’(x, Y, z,t)|2 =¥y @

¥" is complex conjugated quantity of ¥ .

ey, 2 dv=1 o . i . o
v - is rationing condition and ¥ function that assure this condition

standardized.
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For cluster stable and exiting states wave function ¥ =¥ ¥.20 have been used. Its physical
essence is that it is particle detection probability in d, volume for t time moment.

Probability is defined as

W =|¥(x, y,z,t)|2 =¥y

¥ is complex conjugated quantity of ¥ .
£|‘P(x, y.z, ) dv=1

- is rationing condition and V¥ function that assure this condition
standardized.

Generally it is expressed as:

W(x,y,2,t) =i p(P,, P, P,,tJexp(i 22822) nip

()

Suppose %2 are clusters basic and exited states wave functions. Their interaction in lower
approach is descriped by so called scattering matrix

P(x,t) = S(t,t) (X, 1,), 6)

where
S(t,t) = exp(— H (t —t,)).

H is system Hamiltonian. The matrix elements of scattering operator define transition
probability from initial quantum state into another.

Si =—if dﬁdfzdtwl* PU(Ne,p exp(-i(Ey + By — By —Ey¢)t),

where EE, is clusters basic and final states kinetic energies.
The interaction potential may be connected with averaged scattering matrix that is
described by one-photon resonant exchange Hamiltonian

H= _aléi(r) - a2'22(")

where d,E are dipole moment and field tension operators. Then for potential the
following is obatained:

(")

U((r)=5- Tda)a)zam (@)D, (w,T),
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Where Dy, is photon Green function and

. =28, |d,[*[(@, — @ —iT ) + (@, + @ —iT,) ]
n (8)

is the polarization tensor.

After integration (7) considering (8) the following expression is obtained for potential

U(r)=-2>r"d,| o exp(*2") cos %
n : ©)

In equation summarization occurs for all levels.
Conclusion

The century long of theoretical research and the on-going revolution in computer
technology have made quantum mechanics applicable to small molecules, where quantum-
mechanical calculations have reached the accuracy that challenges experimental results.
However, limitations of existing quantum mechanical methods to describe the large
molecular systems, that modern molecular science often deals with, is real obstacle to forth
going. The extremely different approaches must be taken to describe such systems.

Thus one photon resonance exchange creates decreasing potential holes by height and
depth. From this expression may be obtaied solution for isolated long-wave radiation
potentials. isolated long-wave quants may be the radiation which happens when on cluster
surface or cristallyne lattice additional molecule enters or in drop while molecule
difussion.

During cristalization and condensation the some portion of latent heat may be trasformed
in characterized radiation. The transformation energy is distributed between existed and
new energetic levels. They are called as phase radiation and is depended on medium
optical properties. The cloud medium may be imagined as unity of clusters that are on
different energetic levels, interacting through energy emition-absorbtion. According to this
Earth surrounding environment is one of possible renewable energy source, the use of
which gives chanse on transition into new energy transportation means.
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Chapter 4. Mountain sustainable development
History of Sustainable Development

Though SD thinking is widely recognised to have its origins in the 1972 UN Conference
on the Human Environment, SD as a concept began to gather momentum following the
1987 Brundtland Report, Our Common Future, and the 1992 UN Conference on
Environment and Development (UNCED), also known as the Earth Summit. For the first
time, the Brundtland Report introduced the need for the integration of economic
development, environmental protection, and social justice and inclusion.

The main outcomes of the Earth Summit were

— the Rio Declaration, which recognised the right of states to economic and social
development and contained 27 principles of sustainable development, including the well-
known precautionary and polluter pays principles;

— endorsement of the Forest Principles, which recognised the importance of forests for
economic and social development, indigenous communities, biodiversity and maintaining
ecological processes;

— the signing of the Convention on Biological Diversity and the Framework Convention
on Climate Change;

and — Agenda 21, which was a voluntary SD plan of action, for implementation by
national, regional and local governments.

Agenda 21 contained a wide range of programme areas focused on social and economic
development, environmental protection and enhancement and encouraging participation
from communities, nongovernmental organisations (NGOs) and groups identified by the
UN as under-represented in decision-making, including women, children and indigenous
communities. Chapter 28 of Agenda 21 recognised that many of the issues that Agenda 21
sought to address were rooted in local activities, and required local authorities in every
country to be involved in actions to address them. The Chapter suggested that local
authorities in each country should ‘enter into a dialogue’ with their ‘citizens, local
organisations and private enterprises and adopt a “Local Agenda 21”.” Local Agenda 21
saw local authority strategies produced to enable the sustainable development of
communities. In the UK, it was the basis for the work of many local community groups,
some of whom are still working on SD issues, such as Ymlaen Ceredigion, who work in
partnership with Ceredigion County Council.

Since the Earth Summit, the UN has created a wide range of programmes, institutions and
international agreements with the aim of achieving global sustainable development. A list
of major agreements and conventions since 1992 is available on the UN Sustainable
Development Knowledge Platform. The most significant milestones in this journey have
been:
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— 1993 — the creation of the Commission for Sustainable Development to monitor and
promote the implementation of Agenda 21;

— 1997 — Earth Summit +5, which reviewed and renewed commitment to implementation
of Agenda 21; — 2000 — Millennium Summit in New York, which resulted in the UN
Millennium Declaration, a set of targets to be achieved by 2015 that included
environmental sustainability, the eradication of extreme poverty and equality for women,
now known as the Millennium Development Goals;

— 2002 — World Summit on Sustainable Development in Johannesburg, which renewed
international commitment to the pursuit of SD with the Johannesburg Plan of
Implementation (JPOI);

— 2012 — Rio+20, which resulted in an outcome document, The Future We Want, in which
States reaffirmed commitments to all previous SD agreements, plans and targets. They also
committed to develop a suite of Sustainable Development Goals (SDGs) building on the
priorities identified in Agenda 21 and the JPOI, and decided to replace the Commission for
Sustainable Development with a ‘high-level political forum’ to progress implementation of
Agenda 21 and the JPOI, and the achievement of the SDGs.

Definitions of Sustainable Development

The original, and best-known, definition of SD comes from the Brundtland Report:
Sustainable development is development that meets the needs of the present without
compromising the ability of future generations to meet their own needs. It contains within
it two key concepts: the concept of 'needs', in particular the essential needs of the world's
poor, to which overriding priority should be given; and the idea of limitations imposed by
the state of technology and social organization on the environment's ability to meet present
and future needs. Variations of the Brundtland definition are commonly used in national
SD strategies.

The EU Sustainable Development Strategy (2006) says: Sustainable development means
that the needs of the present generation should be met without compromising the ability of
future generations to meet their own needs. It is about safeguarding the earth's capacity to
support life in all its diversity and is based on the principles of democracy, gender equality,
solidarity, the rule of law and respect for fundamental rights, including freedom and equal
opportunities for all. It aims at the continuous improvement of the quality of life and
wellbeing on Earth for present and future generations. To that end it promotes a dynamic
economy with full employment and a high level of education, health protection, social and
territorial cohesion and environmental protection in a peaceful and secure world,
respecting cultural diversity. The UK Sustainable Development Strategy (2005) says: The
goal of sustainable development is to enable all people throughout the world to satisfy their
basic needs and enjoy a better quality of life, without compromising the quality of life of
future generations.
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Principles and Concepts

Common Principles International and national SD agreements and strategies commonly
include certain principles to be applied when making governance decisions in a sustainable
way. Most of these are derived from the two key concepts identified in the Brundtland
definition: the concept of needs, particularly the needs of poor people, and the concept of
limits, particularly the limits on the environment’s ability to deliver people’s needs.
Common governing principles are:

— living within environmental limits;
— integrated decision making (policy and legislation that works in a complementary way);

— ‘good’ governance that is democratic, transparent, inclusive, participatory and
accountable;

and — responsible use of robust and credible scientific evidence in decision making.

In addition to these principles, the Precautionary Principle and the Polluter Pays Principle

are well recognised, particularly in relation to environmental decision-making. The
Precautionary Principle is used when a risk has been identified that human activities may
cause ‘morally unacceptable harm’1 . In this case, lack of full scientific certainty (of cause
or effects) should not be used as a reason for inaction, so long as that action is
proportionate and the costs and benefits of action versus inaction have been evaluated. It is
commonly used in arguments for taking action on climate change.

According to the Stockholm Centre, the latest research shows that Earth has already
exceeded four of the Planetary Boundaries: climate change, change in biosphere integrity
(biodiversity loss), land-system change and biogeochemical flows (in terms of
phosphorous and nitrogen depletion). Scientists have not yet quantified three of the
boundaries because identifying a global threshold requires analysis of many individual
components and their interactions, making it difficult to decide where the global boundary
would be. These boundaries are functional diversity, novel entities and atmospheric aerosol
loading.

http://www.precautionaryprinciple.eu/

History of sustainable development

The history of the development of environmental awareness of "sustainable mountain
development” originates from the 1973 Stockholm Environment Conference. It was further
followed by the International Geographical Union Commission and the United Nations
University (UNU) mountain projects, which the latter started in 1978. All this research and
intellectual activity on mountains came to fruition during the Earth Summit in Rio de
Janeiro in 1992, where the first universally agreed main document - "Agenda 21" - was
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adopted, with Chapter 13 focusing on global thematic problems and visions of the
mountain environment, That became the basis for declaring 2002 as the International Year
of Mountains, and December 11 was established as International Mountain Day on the
world calendar.

The above led to the founding of the International Mountain Society in 1980, and in 1981
the quarterly journal Mountain Research and Development. The work expanded into
subsequent research efforts, including specific assessments of major predicted natural
environmental disasters, such as the potential outburst status of glacial lakes (GLOFs). , the
effects of climate warming and the livelihood incorporation of mountain communities,
which were initially recognized and engaged with the enthusiasm for environmental
knowledge.

Mountains of Europe

Despite having mountains of moderate height compared to other continents, Europe has
many mountain ranges. They are found in almost all parts of the European continent and in
most European countries. The northernmost mountains of the continent are Iceland and
Scandinavia, the southernmost is on the northern shores of the Mediterranean Sea,

From the Balearic Islands to the many mountainous islands of the Mediterranean Sea
Cyprus and most of Turkey. There are mountains on the western side of the continent
Portugal and Spain (more than half of the Iberian Peninsula is mountainous) and

British Isles. The Urals define the easternmost part of the continent, and to their southwest
is the Caucasus, which includes the continent's highest peak (Mount Yalbuzi 5633 m). The
longest chain of mountains is found along the Scandinavian spine, the second longest is the
Urals, and the third longest is the Caucasus. Probably the most famous and certainly the
most touristic mountains are the Alps, whose highest height is the peak of Mont Blanc at
4807 m on the shared France-Switzerland-Italy massif in the southwest of France.
However, there are also other mountain ranges in Europe, particularly in typical Western
Europe, such as the Old Pyrenees, the Apennines, and many European mountains, such as
the Carpathians, the Dinaric Balkan Mountains.

What is Mountain?

Scientists define mountains as an elevated form of relief that rises above the surrounding
plain. Unless they are volcanoes, mountains rarely stand alone, but usually form mountain
ranges and ridges. Mountain ranges, in turn, add together to make mountainous countries
or mountain systems.
Mountains may be high (above 3,000 m), of medium-height (1,000-3,000 m) and low (up
to 1,000 m). Low mountains usually have rounded summits and gentle slopes, but high
mountains have steep slopes and angular peaks.
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The Diversity of the Mountain

Mountain regions are the focus of global biodiversity, and host about half of the world's
biodiversity hotspots. The steep gradients, changing aspects, and changing geology allow
for the coexistence of different soil habitats in the mountains.

The mountains are home to many endemic plant and animal species that can only be found
in the mountains. Mountains are major centers of plant species diversity.

Mountain forests and ecosystem services are vital reservoirs of natural mountain forest
species. Evergreen tropical cloud forests, in particular, are very rich in endemic species -
but they are also the most fragile and most reduced type of montane forest. Mountain
forests are also essential providers of key ecosystem services, such as freshwater resources
or protection against natural hazards. Many of the world's largest cities depend on
freshwater resources provided by mountain ecosystems. But ecosystem services interact in
dynamic ways, and attempts to protect one type of service may result in the loss of another.
For example, cutting down a mountain forest to exploit its value unilaterally leads to the
loss of the ability to protect against landslides.

Mountains are important centers of agrobiodiversity, hosting crops and livestock adapted
to local diversity. These varieties are a critical genetic resource to help ensure food security
for a growing global world population. Proven mountain food crop crops or livestock
breeds are often better adapted to the extreme mountain climate and topography in
mountain regions and are better able to sustain the livelihoods of mountain farmers in the
face of global climate change.

Mountains and climate

Mountains play an important role in shaping the climate. They create a barrier to air
masses, which cannot easily pass the high peaks. For this reason, different slopes of the
same mountains often have different climate conditions, with more precipitation on one
side than on the other. Average temperature and landscapes may also differ significantly

Mountains are also distinctive in that they bring together a large number of different
climates in a small area: the climate and landscapes change at different levels from the
bottom to the top of the mountain. (Fig. 2.7.1). They are therefore called ‘altitudinal zones’
(‘altitude’ means ‘height’).

You’ve probably wondered why mountain peaks are often covered with snow, even in
tropical latitudes. The first mountain climbers quickly found that the higher they went, the
lower the temperature became and the harder it became to breathe. Air is heated by the sun
and by the earth’s surface. Once it has become warm, it rises and expands, losing its heat.
So, with increasing altitude, the air pressure and its temperature gradually decreases.
With elevation, temperature falls on average by 6 °C per kilometre from the earth’s
surface. So, if the temperature at the foot of a 4000 m mountain is +24 °C, the temperature
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at the top will be around 0 °C. That is why, even through the average air temperature in the
tropics never drops below zero, there can still be snow at high altitude on mountains.
Mountains affect the climate, but they are also highly dependent on it. Mountain regions
are among the first to respond to changes in climate conditions. The main ‘indicator’ of
climate change in the mountains is glaciers, which shrink or grow depending on whether
the climate is becoming warmer or colder.

Mountain, man and climate

Socio-economic factors in mountains, including demographic changes, affect the
vulnerability and exposure of slopes themselves, while climate change affects the
frequency and magnitude of hazards, projected changes in temperature, wind and
precipitation in mountain belts will in turn affect the water cycle and thus snow, ice and on
water distribution. Melting glaciers exhibit steeply carved bedscapes that are subject to
large amounts of glacial meltwater and, with increased precipitation, potential, periodic
landslides, floods, and debris flows in conduits.

Does climate change pose increasing threats? At the beginning of the twenty-first century,
some of the warmest and wettest years have already been recorded. (2003-2010) In the
summer of these years, with instrumental observations of the climate from the peaks of the
European Alps, frequent rockfalls began intensively, causing widespread concern in the
Alps about the permafrost degradation and the causes of the rock slope penetration failure.
Abnormal monsoon rains have caused devastating floods and debris flows in Pakistan,
India and China, killing thousands and destroying more than two million homes.

Meltin beauty

Glaciers are formed in mountain ranges when the build-up of snow in the upper parts of the
mountains turns to ice. The formation of a glacier requires a cold and wet climate, in which
more snow falls during the year than has time to melt. As soon as temperatures rise and
precipitation declines, the glacier ceases to grow and starts to melt.

Mountain glaciers around the world began to melt (to ‘retreat’) about 15,000 years ago,
when the last period of glaciation gave way to a new period of warmer climate. This
melting process was accompanied by short periods when glaciers advanced once again.
We know from history that in the 5th—7th centuries A.D. many mountain passes that are
now occupied by glaciers were used as caravan routes. Then the climate became colder,
glaciers began to grow, and by the 17th-18th centuries these passes were not longer open.
One example is the famous St. Gotthard Pass in the Alps. When the poet Frederick Schiller
described it in 1799: ‘To the solemn abyss leads the terrible path, The life and death
winding dizzy between’, crossing the snow-covered pass was wildly dangerous and
possible only during a couple of summer months.

However, over the past 40 years, glaciers around the world have been retreating
particularly fast (Fig. 2.7.4). Scientists are sounding the alarm: the rapid melting of
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mountain glaciers, which we are seeing today, does not coincide with a natural cycle.
Reduction in volumes of mountain ice may lead to catastrophic consequences for the
environment and the economy of mountain regions, as well as of plains around mountains,
which are home to as many as one in six of the world’s population.

Glaciers in the Himalayas are retreating by an average of 10-15 m per year. The Gangotri
glacier, which is the source of the River Ganges, is melting particularly fast, retreating by
30 m each year. Gangotri is one of the main sources of water for the 500 million people
who live along the Ganges River. Glaciers in Peru are also retreating very fast. According
to the most conservative estimates, their area has been reduced by a third over the past 30
years.

The African volcano, Kilimanjaro, has suffered perhaps the worst of all: its famous ice cap,
which was immortalized in Ernest Hemingway’s novel ‘The Snows of Kilimanjaro’ has
almost entirely disappeared

In the mid-19th century the Glacier national park in the Rocky Mountains, on the border
between the United States and Canada, was home to as many as 150 glaciers. By the start
of the 21st century only 25 remained and scientists predict that glaciers will completely
disappear from the park in coming decades, so visitors who want to see what the park was
originally famous for should hurry up!

how climate change affects people who live in the mountains

Living in the mountains is not easy. High altitude, difficult terrain and frequently changing
weather make it much harder to grow foods and manage cattle here than on the plains.

Since ancient times, people have settled in narrow mountain valleys, separated from each
other by high mountain ranges with steep slopes, which often made contacts between the
neighbouring valleys (and populations) very difficult. Even now, people living in
mountainous regions often have their own unique customs, culture and ways of making a
living. The way of life of mountain people and their principal livelihoods — agriculture and
tourism — are directly dependent on the climate. Even small changes in climate can
negatively affect the well-being of people in mountain regions.

Tourism in the Mountain

The example of the Alps shows how climate change is affecting the tourist trade in
mountain areas. At present ski tourism provides up to 20% of the income of Alpine
countries. For the 13 million people living in the Alps in Austria, Germany, Switzerland
and France, lack of snow is an economic catastrophe: two thirds of all tourists who come
here do so in order to enjoy skiing and snowboarding.
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Forecasts give serious cause for concern: by 2030 there will be almost no snowfall in the
Alps below 1,000 m altitude, which will force many popular ski resorts out of business.
Half of all the ski resorts in Austria are at altitudes up to 1,300 m and will be forced to
close due to lack of snow. The pessimistic predictions are already starting to come true: in
the winter of 2006-2007, as many as 60 of the total 660 alpine ski resorts remained closed
and many others could only operate by using artificial snow, which greatly increased their
already high costs. The result has been a fall in demand for holidays in the Alps.
How can mountain regions cope without snow? The sport and leisure industry is adapting
as best it can, working to develop other types of tourism and recreation, which are less
dependent on snow. Areas that were used for skiing are being converted into leisure parks
and all-year-round health resorts. A time may come when people will come to the Alps,
not for winter sports, but to enjoy walks along mountain lakes, savour the local food and
breathe the fresh mountain air.

Natural disasters in the mountains

Decline of the tourist business is not the most deadly threat to mountain people from global
warming. They also have to fear natural disasters — avalanches, landslides and floods —
which have become ever more frequent in the mountains as the climate changes and which
pose a threat to human life as well as causing huge damage to the local economy.

When a glacier retreats it produces melt water, which accumulates in a mountain valley to
form a glacial lake. As the quantity of water increases, the lake may overflow and break its
banks, causing a flood. Scientists believe that 20 glacial lakes in Nepal and 24 in Bhutan
pose a serious threat to people living further down the valley. If these lakes break their
banks, and the water gushes into the valley, many people are in danger of losing their lives
or at least their homes. Several such floods have already occurred in recent years in the
valleys of the Thimphu, Paro and Punakha-Vangdu rivers in Bhutan. Danger to the local
population can be reduced by digging protective channels and dams before such flooding
occurs.

Reduction of fresh water stocks

The future reduction of fresh water stocks, both in mountain regions and in plains adjacent
to mountains, presents a serious threat. Glaciers are one of the main sources of fresh water
on Earth, since they are the source of many rivers. Reduction in volumes of ice will lead to
water shortages in the regions around mountains, making conditions much worse for
agriculture, mining and electric power generation. Shortage of fresh water in areas near
mountains is already leading to serious political conflicts in some parts of the world.

Mountains have always been associated with danger and climate change on Earth may add

to the risks. Rise of temperatures, change in amounts of precipitation, the melting of

mountain glaciers and more frequent occurrence of unpredictable natural disasters could
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lead to catastrophic consequences for the environment, people and economy of mountain
regions and of the regions around mountain ranges.

Chapter 5 Green Development

Climate change, rapid economic and population growth, the sharp increase in consumption
and services, and resource depletion are the greatest global challenges that pose a risk for
the earth’s subsistence. all countries and every citizen must substantially change their
lifestyle and production and consumption patterns, and shift to an environmentally
friendly, "green" lifestyle. These global challenges were discussed at the United Nations
Conference on Sustainable Development, which took place in 2012. The conference
recommended that countries adopt an inclusive green economy as a vehicle for sustainable
development and poverty reduction. Furthermore, United Nations Agencies identified
green economy, green production and green growth concepts, which are aimed at the
creation of economies that have low carbon emissions, use natural resources efficiently,
and reduce environmental pollution and degradation.

Green development concept

“Green development” refers to a pattern of development that reduces poverty through an
inclusive economy in which resources are used efficiently and without waste, supports
ecosystem services, lowers greenhouse gas emissions and waste;

“Green economy” is one that results in improved human well-being and social equity,
while significantly reducing environmental risks and ecological scarcities;

“Green growth” means economic growth with reduced greenhouse gas emissions that
ensures environmental sustainability, supports social inclusiveness and participation;

“Green industry” is an industrial process that utilizes energy and resources efficiently, with
reduced greenhouse gas emissions and without harm or risks to humans and the
environment;

“Green job” refers to employment that contributes to reduced consumption of energy, raw
materials and water, and the reduction of greenhouse gas emissions and waste, ecosystem
preservation and restoration, and the improvement of environmental protection and
environmental quality by adapting to climate change;

“Green city” means a city or urban settlement that ensures comfortable living conditions
and development opportunities through the use of smart infrastructure services such as
energy, heating, water supply, communication, public transportation and adequate waste
management;

“Green building” means a building structure which constitutes a comfortable living and
working environment through the utilization of building materials that do not cause
negative impacts on human health and the environment, with energy efficient heating
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solutions, low emissions, and technology for rain water collection and sewage treatment
system;

“Green procurement” means purchasing goods and services that are designed or designated
toward ensuring the efficient use of energy and natural resources, the sustainability of
ecosystem services, climate change adaptation and the creation of a green living
environment;

“Green investment” means the financing of and investing in projects and activities which
use technology that reduces energy, water and raw material consumption, while keeping
the value of ecosystem services; “Green tax” means a tax that aims toward reducing
production, services, imports and consumption with negative environmental impacts;

“Ecosystem services” refers to benefits obtained from the ecosystem, which includes
provisioning food, raw materials and resources, regulating the climate and impacts of rapid
environmental degradation, and sustaining human life and physical and spiritual well-
being.

The transition to green development growth model will be ensured by using mechanisms
such as valuing the benefits of and the rational use of natural resources, increasing
productivity, green investment and green procurement, by the expansion of works and
services directed at enhancing conservation of ecosystem balance and restoration,
engraining environmentally friendly production and services, and promoting a green
lifestyle. Key indicators for determining the transition towards green development will
include the improved efficiency of natural resource utilization, the level of recycling, green
employment and the proportion of green procurement, and the reduction of the ecological
footprint of energy, water, greenhouse gas emissions, and goods and services per unit of
production and services.

The following principles will be followed for ensuring green development:
-Efficient, effective and rationale use of resources;

-Sectorial policies and planning shall be consistent with green development concepts;
-Promotion of clean and advanced technologies;

-Ensure citizen’s participation in the creation of green economic growth;

-Engrain environmentally friendly attitudes, habits and competencies;

-Transparency, accountability and liability.

Strategic objectives
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The following strategic objectives will be achieved to ensure green development:

Strategic objective #1: Promote a sustainable consumption and production pattern with
efficient use of natural resources, low greenhouse gas emissions, and reduced waste
generation;

Strategic objective #2: Sustain ecosystem’s carrying capacity by enhancing
environmental protection and restoration activities, and reducing environmental pollution
and degradation;

Strategic objective #3: Increase investment in natural capital, human development and
clean technology by introducing financing, tax, lending and other incentives for supporting
a green economy;

Strategic objective #4: Engrain a green lifestyle by reducing poverty and promoting green
jobs;

Strategic objective #5: Encourage education, science, and technology to serve as the
catalyst for green development, and develop cultural values and livelihoods that are in
harmony with nature;

Strategic objective #6: Develop and implement a population settlement plan in
accordance with climate change, while considering the availability of natural resources and
the resilience of regions

POLICY IMPLEMENTATION

Green development policies will be incorporated in the Government Action Program,
sector policy documents and public investment programs.

1. Political parties and coalitions shall reflect ways of implementation of the green
development concepts in their election platforms at all levels and construct programs for
implementation.

2. Incentives shall be provided to citizens, the private sector and civil society to encourage
their participation in the policy implementation, and to expand cooperation and
partnerships between them. 3. The government shall undertake an annual evaluation on the
implementation of the Green Development Policy and present for hearing to the
Parliament.

4. The results of the implementation of the Green Development Policy shall be assessed
based on appropriate methodology and modeling.

The first phase will establish green development models and norms in all economic and
social sectors that are based on country circumstances, and a legal framework will be
255



created to ensure green development progress, and infrastructure and redevelopment
efforts that are aimed at enhancing long-term sustainable development of the economy will
be actively mobilized.

A socially equitable, inclusive and highly efficient green economy system is established
where environmental sustainability has persisted, benefits from ecosystem services are
accepted rationally, and adaptations to climate change are customized. The transition to a
green economy will be recognized as high technology and innovative production prevail in
the economic structure, and the green economy will be established.

More and more countries and regions are actively embracing green development, and the
world is moving towards a new green era faster than ever before. But we still have many
challenges ahead. We need to make further breakthroughs in digital technology, flesh out
regulations, systems, and standards, and promote greater coordination between different
industries. This will require joint innovation in both digital technology and low carbon
growth, as well as greater collaboration across all communities, industries, value chains,
and ecosystems. Digital innovation is key to achieving low-carbon growth. The two are
mutually reinforcing, so we need to keep strengthening investment in research and
development to deliver the right enabling technologies. These efforts should focus on
innovation in three domains: green and low-carbon digital infrastructure, renewable
energy, and industrial transformation. This will help improve energy efficiency and pull
more renewables into the global energy mix, paving the way for truly green and low-
carbon growth. As green and low-carbon growth guides the direction of future
socioeconomic development, it will in turn spur new innovation in digital technology. This
virtuous circle of mutual reinforcement is the most effective way to achieve lasting green
development. At the same time, the world currently lacks unified standards for low-carbon
growth. We urgently need to improve emission reduction standards for digital systems,
strengthen the development of emission-related big data, and establish standards for
measuring the carbon footprint of digital infrastructure. Measures should also be taken to
ensure effective implementation of these standards. For example, we should establish
digital systems to monitor carbon emissions in real time, and work together to develop
carbon emission standards and systems for digital infrastructure. Finally, it is also critical
to strengthen ecosystem collaboration between industries and enterprises up and down the
supply chain. For example, technical models like carbon handprint standards help promote
more engagement on green practices between governments, industries, and enterprises, and
reduce carbon emissions across the entire supply chain. We also need to strengthen
international cooperation and coordination in technology, funding, standards, and actual
projects to jointly advance systematic climate governance at the global level.
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