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570900, bom  GOMBLLLLIBPIOM FEobscy, 833500 obbowwos Fbmerm

969629303010 Mm330d0bs3gool FHowdo.

0530 4. LogdsMmmnggermls Jo6r0050 3obstggdols odmbogrgs

90bsy  Mombol  sMBo:  bobosmMYds oo Yo bgmdoms o
396300000900 3000MMYbYNHRIEH0IZNWO  J9U3OOm  (oxsbm®m3glo, TomM3glo,
AYodM3glo, 2w9dsm3glgdo, Momb3glo, 3sGE0bg3qLgdo). 1998 fiewols Jdgdymd
6535b3960L  LogmBogmBg  ©533060399900L  F90Y39BHoL  29dm,  oLEGHMOOMWO
30OMEMyonMHo  dmbs399900  90Ygbo 0dbs  Homb3glols s  adsm3gliols
396965300L  M9BHOML3GIGHMWo 65e0BOl Lyxdz9WDY. FMEIEOL Z50EOE0ST
95050 LOBMBE 9583965 — Fyrrols baerx ol LodMMABMBM 3EMT0GdS 56 5©gdoEH9dS
5%-U.

d0bstry IBHI3M0L  syBo: TolBg ol J394bol  30MMYBIMYgEHO0ZMwo
3m3H9b30ool  16%, Mo@psb  MHgbmeOLol  doGomso  Bsflowo ;e dgmobl
A9O0GHMO05Dg  5dBHO0MMOI©  MYAMWOMHEYds, bmwm  Lods®mzgwml  Lsbwzmgddo
3933m@0L bW Mds  3339mGo© 9300 0. sOLYIMO  LoAMHJOOL
396069000 901b99350, 06 Jgoob dbcH0osb G®bLLOLSBOIO™
3006OMEMQ0MH0 Bo6M93900lL 259m, 57Hol 9900 39L35MM0 25630005M9d0L
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930b6m3039M0  FoDsbIghmbomds  IdsE0s, GOl 2odmE  0go  M39MOGOVIW
L53OMPBMBM FOOMOHOEBHYBHIP 56 EILIbS.

90656y gba Mol sMBo: oMmBMogbl LodsMmzguml 9bgGmymbioldgdol doMHm3L
— 35LBg dmEOoL 3gLgdoL oBMIds39dwo 9bgMaool 50-55% s fyarol dgbsbgols
39350Md0L 64%. 57Ol MYMOHOMWO 30mGHJ6305E0 89590l 21 33¢3).Lod-b, Loosbs3
930b6m303M6Ms  Fobsbdgfmbogros 10-11 F3@.bo (595595 sm30LgdMEos 5.5
A33.bm). 390L397G03580 gAT0E0s 1602 3¢ X5FMMO LOAAEE3MOL 3OMgdEgdo,
o GOl bmmb3glo (702 da3¢) o 6gblizmadglio (280 33d).

0530 5. 3006HMEma00L 3G:mybmnboMmgdol LobmLiE ol sbsgrobo

300OHMW MO0 3606 BoMmgdol 99899GH056Mdols 99535900L5L
8600369035691 BoJBH™OL  LE3OMYbMBM  mgwol  LoBMLEBHOLs ©s oo
MBOHM6390gmRolomzol  LoFoMm  Bobsblmemo  sbsbotxgdol  Mm3EH0dowrmemo
05bLoL  oAgbs FoMdmoaqbl. TogdlodsGms Fowowo LoBMLEOL domfgzs
30605306 353806030 96153500 308369630560 3006MHMIYEHINOMEMY0)O0
356599G®900L  (Boangdgdo, smEmmdwgds,  ($H9d3gMo@Ms, Bossaol  3Hnbosbmds,
dg406356m9d0L ©0bsdozs s Bbg.) MFyzgd dmbo@mEmobymsb. gl 3Gmaqlo dmombmgls
5Bdo  2odbmdo  IMfymdoErMmdgdol  (30OHM3MLEBHId0L)  Jugerol  860d3bgwrmgsb
39939000905l (35450005, gbgMol 5Bl LM Rslimgzsbo dmogomgdolomgols
BoFoMms 30-50 LoBmdo FgHGHowo), M3 39380MJOMWOS EOE JOSOGIWIO O
LSM3GMSE0M botrxgdmSb.

B5dM™ddo  EOLdMMGOIM0S, MHMI 339308 Y090y 93vBoMm© Mbs
3960LsBE3OML ILObYEo FoBBOL §3mbMT03MMO FoDI6TG[MboEMdS, M50 193006
0969L 53009390 56M52Mmb03M0 B0bsbLlvIMHO obsbotxgdo.

BoboBbg 1 Ho0dmagbowo 3Ms5303010 dm@go sbobogl 396mbBMB0gMHgdsl
1306566 BboMRGOLS o BadMMYPBbMBM  (30MmTogdols doB396gdgel FmaMob.
939990 9b5¢oBol  BoMAwgddo, JoMOMOIE  9FM3BIL  0EMLEBHMOMYdIMO
96900l 255339000l 3MMmOObsGHOL  (HghGHowo X) ©oygbs HoMdmoabl.
50b0dbMo  FadEGHowo 458mbo@ogl 93mbm303MOMms© 9BIJHMIO S M3EH0TSWYE
05bLL: 030 29bLOBMZMIZL  A9TMYMBoo FobsbLMHO MHguLOLOL 03 bBEgOWE
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9 EMMOSL, GMIgeos MHOMB3gWYmal (30m30wqdol 30603358y Y3565l o
330639690L  3m63M9GH o dmEgEobmgzgol  dobomgdo  Mobzol  dodlodorm,

3™b03MH M BobEZML.

a33bo
<

omboggds

B5boBo 1. gobsblE sbsBsMRLS S LadMMABMBM FMBoegdsls mGols
3830093 gdd

0530 6. LEASEOLEBH0ZMMO Bmbs3gdgdoL bseoBo

BodM™Aols 53 Bofoedo Homdmmagbowos gbgm@ol s1bol fyerol bobxol
36OMabmBoMmgdol  3H9dbozmemo @5  FJPMOMWMAOMOO  MJo0DsE0s, M3
39bbmM 309 s 1596M5IMMOLM 350 Gb0MmMH9005b (EBRD, STUCKY)
056599OHMIMBOMS O 49MgIML  gOMgbmo  LooggbBHml  dmboggdms BBy
©94Mbmdom.  LodMMmabmbm  303wol  m3GH0T0BsEools s LEAIGHOLGOIMEOO
3b650bolmgol  3m33wgdlymo  0odbs  edmyggbgdEo o 9I3GHOMYOMEO
9509935@0301600 MY gdo: IMO935WR IO M9MgLos, IOmfocMrmeo sbowobo,
3903560l oGO s 6odmdgdol dgbsdgdols (Pattern Matching) sqam®00mdgdo.

350935303700  ImEYmgdol  3IZHIE0d @  Lsobgob®m  Jggagdo.
LoYMMYI0B FoEgdme Lohgol Imbs3gdnddo sOLYdMEro Fgdmbggzomo bAsmMob,
bgblMmOMwo  3EMIOEGIJOoLs S SBMTsWoMGmO 303900l 5IMLOBL3MIWS©
dm9do gsdmygbgdmer 0dbs 3oedsbols gogm@EH®mo (Kalman Filter). seoam®Momdds
HOH6390gm OHMOMO MHORIOOL BOWEMI305 O J5TMEHMZ90v)e0 3603369 MdgdOL
93mbLEHMWMJ305, 5353 LOaMAbMOWHE  55350s  FomgToB03mMo  dMmEYergdols
LOBbEMMdS.  BadMIMABbMBM  Fmbs399900L  gMdgwrgsosbo  3mE9]E0MmgdoLmM30L
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3o0mygbgdmerds  bodmdols  Gglodsdolimdols serym®Gomadds,  3mA3ergdlyeo
393H9MOMEMA0MH0 3505993 900L  (Boewgdo,  3H939M9FGHMES, MmM3ol  bmd.)
39035¢0oljobgdom,  FoMds@Bgdom  dmebobs  oLGMOoMmo  sbsermygdols
0009bGH0R0E0MYds.  BsFMM350060  IRgATMgdOLZol 30 MgYGMYLOIEO
565¢roBol d9d39m00m, dmem 10 ool x$odBmdMmo3 Imbs3999dbg oyMbmdom,
399mogm  LgbmbmMo  FHgbwgbgogdo, 853 Loxgmdzgwo dgddbs  §yoswlogsgzgdols
330050 JoOHNZ30LM300.

Us3OMabmbBm  g3M3393eMdOL  365EoBo s  9BIIBHYOMBdOL  Tgazsligds.
6590m3d0  ILKdINMMYOME0S FOMYMITME Swo@GBM™Ts Tethys-do Hgowrobgdmeo
5Eds00IMH0 800l M30MoGgbmds LBl ,bodoomnggarml  babgardfogm
999 EHOMLOLEHYTT0“ (LLY) LI IMJdg ©9EIOTObOLEE TGOMPMEMYOILMSE
dgsgdom. 2012-2021 {ewgdob  LEHoGOLE035%g  ©oymbmdom, 33563 0wmeMo
063 96M350900L g59tmyg690001 Bo@9619dds 5EdsMMMTS B3I gd5T 5639bs, Brnd
Bsggwo gemo godboMgdmwo, HBA0MOI® 9MMYITOLEHMMO  MoEblols, Lol@gds
09935 dglodem 30QMHMEMA0O L396sMMS BoMm™ B3gdBHEML (0sy. 03wolol M3z0L
FOowdo  BodOmMPbMBM  ©0535DMbo  gobolsBrazds 260-430 93/fj8-om, 50%-0560
SEBSMMO0M), M53 80608353 s3Y4s3L LoM3gMEOM MHOL3IJO.

dm©9olb bstobbol, 39MdmE LsbMMdOLS s FoMBRI35MBdOL 39HOBOZHE0S
3o6bmOdgogmws (Q-Q)  ©0oa®sdgdoly @s  B3gEoxno3WEo  Fo0gds@olmeo
3505093HMgdol  d9dggmdom, ULssg Tethys-ob  3eoGBmMIsd  sh39bs  Fowowro
39MPB93500MB0L BHM59JBHMM0s MIMHOMOL 30MHMOOMm.

36OHmabmBol  3MA3egdumMo  FgxoLgdolmzol  godmygbgdme odbs mfiyzg@o
0965060 900L  5Ed5mMd0L ooy (CRPS - Continuous Ranked Probability Score),
MHMIG03 25dM0M3 ds BMEOTMEOm:

CRPS:/_X [Fy(z) — H(z — 2,)]> de

Lboog  Ft(x) 960L  fywolb 8gdmobgdol  LadHmabmbm 3603369 mdols
395309960 gobsfoergdols gmbdios MmOl t dmdgbEHobmgol, bomeom H(x - x:)
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DoM0moagbl  Loxzgbm@gdmOg  BMBJ305L  BJIMMOO  ©O3Z0MZIOMO X
300OHME™y0MHo  Looobmgol. CRPS 858396930l dobodsermemo  (bgewmsb

dosbermgdmwo) 9609369™dgdo Aol oo  LadOMPbMBM  LoBMLEH)bY
30009 0UL.

CRPS 39360306 5399600539636 930653 qLmdsls Homdmoagbls ob, MH™3 oo
00¢0935  SBSMIMHO S BHMOPOEONO  ©)EIMIoboLGHMEo  dmEggdols
OH0JOMTYIMGOOL  LodMogdsl. ImgErolmgoll CRPS 306306 w9@&MmE©qds
1539 SBBMEEHME 3c0MmTogdsl (MAE):

.
1 _
MAE = ?Z |Xe — X
t=1

BoOE Xt 9MOL MO 330639090 Fywol Gglm®Lol 360dgzbgwmds
@6O™OL t ImI9bGHT0, bmerem x: — dolio dglsdsdolbo YEgMBoboLEMEo 3MMEbmBo.

5060360 35079853H039M0 535650 LMo gdsll 03935 MOMEIbMdMH035
3960L5BOzMML Tethys-ob 3Wws@GHBRMMISA0 M95¢0HYdM0 S5EBsMOHO JoYMIJOOL
365dBH03MNo s 93mbmBo3MMo  M30GMOGHILMBS  BHEMO©oEow, LLY-do ©®Ydwy
dmddgo  ©9GIMI0bolGH M  8goMmEYdMIb  FgoMmgdom, Moz  Lsdmermem  xsddo
MBOHM6390gmxal  gbgeymLolBgdol oo BEBSGHOLEGH0ZMG  LobEMMISLS o
330856 ©oL3gGHRIOODBOFOSL.

0530 7. 300MHMMyo0m®Ho 30:mybmBoMmgdols Fmmgugdol dgdm{jdgds

Lo3MMPBMBM  IMYgdol  3mA3Wglmo  FgRsLGdIoLs @S  BoBOZMGS©
39092900L  06@9M36M9Eo300Lm30L  B5IMMITo  go8mygbgdos  3oby-3MBESL
99%393GIOMI0L 3O0EHJOH0do, HMIJOoE JOH0E Fomgdo@03 M Bs®BMBo 590005693
300OMEMy0©H0  Loaboerol  LYT  FMBELTIPBEHME  AsbolosmgdIL: OMOM
LAOMIEHNOL  (BMOASL), (33900905MBL  (583¢0EWMIL) s LGB (gxol
05¢5bLL). KGE 300@& 90030l 3500905303960 3m63emo®mgds 350mobs@gds 99dwmgao
Loboon:

KGE=1-V[(r-1)2+ (a-1)2+ (- 1)2]

boQS3:
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e T — 306OLMbOL 3MOIWS300L 3MIRB03E0I6GHO0, MMIgEoE SLsbogl Imgwols
@Bs®l,  LHMOS©  50oYobML  3BM3glol  OMomo  ©obsdozs (3030960
93 96900L MbbgzgMs s J060ddgd0lL 3mboiombocmgds);

e o = o_sim / 0_obs — 8m©0©gdMwo ©s ©533060390o dmbs399900L
UBHOBPIOGHMO  25IBOGOOL  MbIBIOEOMDS,  OMIGEoE  AIBLIBLIMH3L
9b5(399m5 gox3sbEZoL LETSEIML oMTGIM S SBsbOZL 3OMEILOL 583EOE I
(303990 Lodogls s Rog5¢MBYBdOL LOM®MAYL);

e P =p_sim/p_obs — 3m©IE0OHJOWO 5 330603900 bYMHOJOOL Bodwysem
360083690Mmd900L 99x3560©9ds , HMIGE0E BMTogl LOLEHIISGHIO AOILMIL
30605306 3530060935 fierol Fywol doesbliols Ggasligdsls.

KGE 3603)96m0dol 8603369cmdsms 0b@Hgm3mgdogos bmdaogwogds 99dwga0
LoBO3Mgdol  dobggzom: KGE = 1 80900mgdlb 0©9owe  LadOmabmbBm
d9L53530bMdYg; KGE > 0.5 95B396999¢00 d00hbg3s LMoo ©ods3dogmaoegdgen
Lo0b5g0bM™ Jg9yo0; beaewm KGE < 0 6503bsgl, Mmad dm@gero 0denrgzs 0dsDg v1o6qls
36MmabmBL, 3000609  ©9330603935m5  BoMGH030  FMOZoficrosbo  Bodmoenm
96003690 ™d0l godmyggbgds.

Variability issue (a < 1) - Dampened peaks Correlation issue (r low) - Timing mismatch

Bias issue ( = 1) - Overestimation

120
100

80 50

: E:
- '
I e
%
@
0
2
2 | <
- ~J 1 ;
. . . —

Time

BobsBo 2. IgEomgdol Godmo 893mdgdol 3Mox303v9w0 0EMlGMmL30s KGE
3003mb696¢ 930l dobggzom: s) dsogliols Gg3mas (beta-3HGMdEGDs); ) (335¢gdEMIOL
9930005 (alpha-36>Md¢0g9s); 3) OHMOMO 530S (r-36HMd0Yas).

BoboBo 2 bsomws 9B39690L, 0y MMamE 25dm0ygbgds KGE ©oogbmliGozn®
0bLEHOMIYbEo: beta-3OXd9dolsl (Bob. 2.5) dmgwro LHm®s 0dgmemqdL MM,
0053 9943l LOLEITIGHMO 2oIbMY; alpha-3OXMdEqTolsls (bsb. 2.3) 396 bgds
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99bEG®99m8980L  M93OMEYY3060905; bmerm r-3HMdgdobsl (bsb. 2.3) 50dloM©YdS
3oDMOH0  OOMOMO 530, M3 9339MO 99300908 IMPIOL  M3gMOEHOE
©O0MGOMGOSL.

Nash-Sutcliffe  Efficiency (NSE) g3G®o@gMomdo @5 dobo 99bomeggdo.
30OMEMP0MOH 3057303500 RBIOOM® 393039 YOME  Fgg3pligdol 3ol
d9BH®035L  HoMTmoagbl  698-LoB3wwonol 9nJGMIOMdOL  3mgn030gbEo  (NSE),
MM390o3 39bLIBWIMH3L, M) M5FIBI 39O 50HgOL IMPI OGO POHMOMO
6020 B5JBHMOM03 5330639090l:

Z(Qobs - Qsim)2

NSE =1 - -
Z(Qobs - Qobs)2

boog Q_obs 5ol 833063900 babrxo, Q_sim — dmEgeo®gdw)ero bsGxo,
bomm  Qups—  ©93300390990 36083690 mdgd0L  LdUgsm  SOHOMIGEH0INIEO.
309803096G0 9935L90L IMYEOL 335MSEHWE Tg30Mdol 396906003 356M05305LM6
d9569d0m. NSE 3600396009990l ©00535DMmbo 3560:06M90L 306l MLsbEOImdo©sb 1-
9g: NSE = 1 999qLsd5d905 0©9gower dmgel; NSE = 0 6036536, 603 dm@gerol
Bo3MMYPBMBM  dogs  BEAIGHOLGH0ZMMOE  PomabsdMHYdMEos  dvdogo  Lodowm
36003690md0ol  259mygqbgdslmsb; bmewm NSE < 0 809momgdl dmgeol beHwye
5655009335 OMd5DY.

Good Model (NSE = 1) Mean Model (NSE = 0) Bad Model (NSE < 0)

120 120

100

/ 80
801 / 80
z
3
] o

401 / \ 40 20 /
204 / AN 20 0
7 . 2 4 6 8 10
T T T T T
8 2 4 6 8 10
Time

B5bsBo 3. LsdMHmybmBm dmEgergdol 396G0x03530s NSE 3G0dgtomdols dobgogoom: 5)
3505¢0 bstolbol dmegemo (NSE doolfidoggol 1-13396); 8) Lodwysene dmpgero (NSE = 0); )
50505353059Mz30gdgwo dmpgeo (NSE < 0).

17



809595350 b039OLIWMOHMBOLY, BsdMMITo 0IbEHOTROEMGdIMwos NSE-ob
536396 GH M0 B9BMM3900.  33950MOGHVIo  Jg3mdol  25dmyggbgdol  asdm,
50b0dbo 393035 BoLosmM©Ids 3039MLgbLoE0MOMdOm 303M0 (FoglodseMO)
bo6rxgool 30356 ©s bAoMs© M gdgegmxl sdswo dmobgdols 39MHomEadl.
3905  530Ly, NSE-U 96 @05Bbos Fg3maol  LAH®YIGHMOMEo  3ma3mbgb@gdo
0x9gM96306M900L WbsGo.

KGE 5 NSE 3600¢960039080L 890050900000 36500 s @sliggbs. 33930l
3MA9G3J0 B0 ds 96900005 565¢00Bds 5B3965, M3 B50b, Hmglisg NSE
5x3LgdL  dbmermE  XoFMO  SOLMWEHWME  Tg30mdsl, Tethys-ol  LodOMmabmBm
3oBBMMIsdo  06¢gat0mgdmwo KGE «Bmwb3gumygmal 993mdol  sbs@mdon
@595l b8 Es3MY3000909w B0D03MG 333MbgbEs (1, alpha, beta).

9B 296900mgds  LTOEIGOIL 0dg3s, 05306 0gbsl  SE3oWgdMEo obgmo
39000b3939%0, OHMEgLsE IMEIEo 0gdL oo NSE 9953519l dbmemm 303900l
530JG0MO0  09Bb3gMOL 20dMm, MJoMEMms© 30 goshbos fymol dosblol wbgdo
LobBHYIMMo Jgamds (Bias). 5323905, mOIBGO30 3900530353008 (NSE s KGE
35050 g98mygqbgdol)  dgomEMEMmos  FoMdmoygbl  LodsMmggarml
96962bobEJdobmzol 99999539890 30QOMEWMAO0YOO Lo3OMPBMBM TmEaEgdol
95050 B50dgOMMBOLS S M3JMHIGHOIWMIOL QOMIBEBU.

0530 8. 30MHMEMYoOOo 5bIL0SYOEGdOL BsTMsEM350560 3MMPbMBOMYdS
5305039

feom®o Ggammomgdol 30Mmgergd@mHmbsywmgdol 8ggligds-sdmdsggdol
3®5803900L Fo®3mgdols 90MmEMErM0d. LodoOm39wmlb gugdd®m™mgbgtygdolzmwo
LoLBHYIoL LsodgEMMdOL, LeHBMBMMO doeEsbLlOL »YBEOHb39gMmEBOLS WS LOLEYINGO
©9B030AO0L  80bodoBsgoobmzol  Moglo  360dzbgemds  gboFgds oMo
69329069008 30MHMYE9dEBHMMLIYMOHIOL (9bam3gLo, 50b35w3qlo, bEsd3glo-1,
F5m®39L0 5 d93M1MEs39L0). 50b0 B0 LoYMMGdOL fgolioEo390d0 gobogbwywols
Pgombgmdol  3gMmomdo  GlOLOL  M3G0ToWOHO  530FM0MYds s  dolo
5300MboMEm0  sm30Lgds MO (BsBMEOL)  LBYBMbYY  g3mdbgds  T9g3Lgds-
05999953930l M3E0To)H 46M5530390U.
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506036 1M ™M35@056  LodMMabmBM  FsBHH0EgdL  ym3zgwhieromMa,
9000bstg ol 3000 sd dmIg3bm ool s3Mosdg  39HoMmEOlm30UL,
0b6200M0dmdL Ll ,bodoMmzgaml  bobgerdfogzm  gegdB®mbobEgdol* (L)
oL39ERIO0BSE300L OMYIE0s. IMPIWOMYOOL B3BOLL [otBmoEgbl {gowlissgdo
Dgarol  990m©obgdol  LsdMsem ™300m0 bstxol Ladmmabmbm  dsB396909w0,
OMdgwog  GHMIoE0wo  doymdom 9idbgds dmwm 5 ol  §od@mdMm0z30
3006OMEM{0H0 IMb(399900L LodMsEM 5(0MTgEH03MeE 8603369 MdSL.

"Boosbbdgdeprost

"g¥8h306m8"
b "ghyorighol” @omgilton LyBjmb @oGIAIGRmS badFols
ongixEadsy: o :z' i Cdgdey Foato: 2 M0sdgogmo
a4 = X afugoge
[&f 3 <0 “‘ \ Ban@dglob Fyaabagagab Biabyds-@edmBaggbols 2023 farob s¥hamowsh
= A | 2024 fepob 3360ams3eg
AZ\ /=]
\2\ L
. \
Ly N e (@b, DsGrspo 631,9 BerbizgBbon)
(Bab. mbyg 510,0 8g360)
{BaB0d. ooy 412,0 860)
2023 2024
v v Vi Vil Vil 1X X X il [ I [ W | e

445.00 | 431.00{ 468.00 | 495.00 | 503.00 | 479.40 | 450.00 | 420.00 | 420.00 | 420.00 | 420.00 | 420.00 | 420.00
300 320 280 170 120 80 45 35 30 35 60
8035 | 8294 | 750.0 | 4553 | 311.0 | 214.3 | 116.6 93.7 804 | 877 160.7 0.0
58.0 | 265.1 | 478.4 | 557.6 | 3415 | 1473 219 21.9 219 | 219 21.9 21.9
1.231 | 1.120 1.071 1.092 | 1173 | 1.287 | 1.350 | 1.350 | 1.350 | 1.350 | 1.350
653 741 700 417 265 166 86 69 60 65 119 0 3678
455 518 621 633 459 292 86 EGS 60 65 119 0 3778
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2Rl OmgBEaNGeITRre Lobdadal @b 980k O3 / . ab&Bgomo
©@93y33g6h0L EEelo / /

i
2BGRG0ITTe ©333aT200s @5 N Y 3 Ba60BsIg0mo
sBxmogrozol lsdssbrfol meemlo 0 s

Babsbo 4. 83L ,,gbM3glol“ figaerlisgogol d93Lgds-sddsggdol Ladmmabmbm
006530300 ImEgeo®gds (Llsg-U LsdsBobem oBMoEs).

0 gobsEegol Bo®mzol 350935 03496M0 8o m39MHoMgdl 99990 JOMOMSO
05blOO s 3MB39MOEHE0IO 49BEHMWGd9d00:

1. fyeol dmboermbywo 0309960 89006900 (56 dds owg®owo fywol)
I3 MdOL A5bLIBM3MS (W, dewb. 9"3):

W =Q x 24 x 3600 x T x 107"

ooz Q 9ol fiyewols Lsdwmomm 300900 bosbrxo b ¢40s  ©oM3zMOL
35b396909c0 (873/§0), bergom T — b596q9000m 130l 3509660 ©EYgdoL
65 gbMds.
2. 993:m@obgdyyero figwob 9bgMgdhognwo 9J303s@gb@ol (Em, 8eb. 33¢).Lo)
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Abstract

Hydropower plants have a decisive impact on Georgia’s energy balance. Approximately 75—
85% of the country’s electricity demand is satisfied by hydropower generation; however, due to the
seasonal variability of hydrological regimes, the energy system faces the problem of uneven
generation. In the spring—summer period, river water abundance leads to increased hydropower
production, whereas in autumn—winter water resources decrease. At the same time, electricity
consumption follows the opposite pattern — increasing in winter and decreasing in spring and early
summer.

This seasonal imbalance requires optimal reservoir management so that water accumulated
during high-flow periods can be used in deficit seasons. Efficient reservoir management is directly
linked to the quality of hydrological forecasting, as the prior estimation of water resources
determines both generation capacity and the operational stability of the energy system. Accurate
forecasting enables more rational use of reservoir storage and energy accumulation for deficit
periods. In periods of surplus generation, electricity export is possible, whereas during deficit periods
the country is forced to import both electricity and primary energy carriers. Therefore, the accuracy
of hydrological forecasting is of crucial importance, as correct estimation of river discharge and
reservoir inflows directly determines the efficiency of energy system operation.

Within the scope of the doctoral dissertation, special attention was given to mathematical
models and statistical analysis of hydrological forecasting. Time series analysis methods, regression
analysis, pattern matching algorithms, and the Kalman Filter were applied, enabling the
identification of regularities in historical data and improving forecasting accuracy. Regression
analysis was used to determine relationships between time periods and river inflows, while pattern
matching techniques were applied to identify historical periods most similar to current hydro-
meteorological conditions. The Kalman Filter was used for data filtering and reduction of random
noise. This approach allowed the elimination of unrealistic observations, as well as errors caused by
damaged hydrometeorological and hydrological sensors, resulting in more stable and realistic time
series.

Based on these mathematical approaches, a hydrological forecasting model was developed,
enabling the analysis of river inflows, processing of time series, and calculation of forecasted values.
In addition, an independent hydrological forecasting software system, Tethys, was developed,
which incorporates elements of artificial intelligence and weather forecast variables for river runoff
prediction. The system performs integrated analysis of historical and real-time hydrometeorological
data and determines expected hydrological regimes, significantly improving forecasting accuracy.

To evaluate the accuracy and reliability of forecasting results, internationally recognized
performance metrics were used, including Kling-Gupta Efficiency (KGE) and Nash-Sutcliffe
Efficiency (NSE). These methods are widely applied in hydrological model evaluation and allow
quantitative assessment of agreement between observed and simulated data. The use of these indices
enabled systematic comparison of predicted and observed values and quantitative evaluation of
model performance.

The aim of the doctoral research is to assess Georgia’s total hydropower potential, identify
economically viable resources considering existing hydropower plants and protected areas, and
analyze forecasting capabilities of the country’s main river energy characteristics, thereby
determining the required renewable energy capacity for Georgia’s energy independence. The study
places particular emphasis on the practical application of mathematical models and their adaptation
to real hydrological data, significantly improving forecasting accuracy and reliability. The final
objective is the optimization of the energy system, prediction of deficit and surplus periods, efficient
planning of import and export volumes, and the assessment of the economic value of non-spilled
water from reservoirs as a result of optimized hydrological forecasting at the national level. This
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issue is particularly important for Georgia’s energy system, as efficient utilization of non-spilled
water is directly related to additional electricity generation, increased export potential, and
improved energy resource management.

Furthermore, the use of the developed model ensures faster operational decision-making and
reduces uncertainty in reservoir management processes, thereby increasing system stability. It also
enables better seasonal allocation of water resources and reduction of energy deficits.
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