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Relevance:

The Peruvian Upwelling (PU) is one of the four most productive upwelling regions in
the World Ocean (WO) and the largest in terms of fish catches. Being formed by means
of the Peruvian Current, as a result of the wind blowing toward the equator, the Coriolis
force deflects the current westward. This leads to upwelling, which causes the ascent of
intermediate waters rich in minerals into the euphotic layer. As a result, favorable
conditions are created in the upper ocean layer for the primary production and
development of phyto- and zooplankton, which serve as a food source for common
pelagic fish species.

Despite the fact that PU occupies an area of approximately 0.02% of the World Ocean,
accounts for approximately 20% of the global fish catch. Fishing is of great economic
importance for the Peruvian population. Therefore, studying the factors influencing the
formation of aquatic bioproductivity is of not only scientific but also enormous practical
significance mainly in our country.

The significance of the work lies in the fact that it presents a innovative point of view
because of a comprehensive analysis of key abiotic factors, their interrelations, the
construction of statistical models, and their use in long-term forecasting of anchovy
biomass

General characteristics of the work

The main objective of the investigation is to examine the main large-scale patterns of
abiotic parameters (sea surface temperature and integrated upwelling index) to construct
statistical models with the catch of Engraulis ringens, the predominant commercial
species in front of Peru, and to evaluate their predictive capabilities.

53 figures, 14 tables, a bibliography with 212 sources, an introduction, five chapters,
and a conclusion are containing in the research. The introduction lays out the four main
topics to be defended, establishes the goals and objectives. It also illustrates the
practical importance and scientific uniqueness of the research. It should be mentioned
that the results achieved are reported in seven publications in Russian Federation
scientific journals, three of which are in journals from the BAK List and four of which
are collections of materials from conferences that were held both internationally and
exclusively in Russia. The goals, the topics to be argued, the scientific innovation, and
the thorough conclusions at the end are all interconnected and make sense as a whole.

Evaluation of results

Well-known R2 and GODAS reanalysis archives served as the basis for the
computations. Multiple linear regression, principal component analysis, principal factor
analysis, cluster analysis, and decision trees—some of the most widely used data




mining techniques—were expertly employed by the author to address the issues. These

techniques can be applied to a variety of hydrometeorological problems, especially
classification and forecasting.

On topics for defense
The author presents four topics for defense.

1. Characteristics of the distribution of linear sea surface temperature (SST) trends in
the PU waters.

2. Zoning of the PU waters based on interannual SST variability using multivariate
statistical analysis (MSA) methods.

3. Patterns of spatiotemporal variability of the integral upwelling index calculated
using Ekman theory, which takes into account vertical mass flux at the friction
depth.

4,

Statistical models of anchovy catch based on abiotic characteristics and an
assessment of their potential for forecasting.

First, the author shows that throughout the year, negative linear SST fluctuations are
seen throughout the PU water area, with the majority of these fluctuations occurring in a
relative small coastal strip in the northern PU. According to the author, their emergence
is the result of the cold Peruvian Current becoming stronger and the intensity of

upwelling increasing, which is particularly noticeable in the coastal strip off the coast of
Peru. In general, this is acceptable.

For the first time, the author has used multivariate statistical techniques with factor and
cluster analysis to regionalize the Peruvian upwelling based on interannual SST
variability in order to determine the spatiotemporal SST variability. The principal
factors method was used to identify four quasi-homogeneous zones. The partitioning of
the PA water area into four quasi-homogeneous zones was validated by a hierarchical
classification of 216 factor loadings of SST data using Ward's approach.

The integral upwelling index is analyzed in the fourth chapter, along with a full
explanation of the computation process based on Ekman's theory. Using surface wind
data from 1980 to 2020, the upwelling index was computed from the eleven rectangular
locations that were found in the PA waters. A detailed analysis of the upwelling index's
intra- and interannual variability reveals positive trends in both the upwelling index (UI)
and friction depth, which point to deepening graining and escalating upwelling. In 11

regions, there were strong statistical correlations between the UI, friction depth, and
SST.

The development of statistical models of anchovy catch based on abiotic parameters and
their application to forecasting is covered in Chapter 5 of the dissertation. For this, two
multivariate techniques were employed: decision trees (DT) and multiple linear
regression (MLR). The original predictor matrix's dimensions were m x n = 22 x 25,
where n is the number of years (1996—2020) and m is the Ul and SST in 11 PA water
regions. They are shown to be highly accurate. The DT model reaches this accuracy by
step 3, whereas the variables of the MLR model explain 88% of the CPUE variance by
step 5. There was little difference between the actual and forecasted CPUE values for
2017—2020 when these models were used for experimental CPUE forecasting.




Conclusions

The Marine Institute of Peru (IMARPE) is a specialized technical agency of the
Ministry of Production, aimed at scientific research and the study and knowledge of the
Peruvian sea and its resources, to advise the state in the decision-making regarding the
rational use of fishery resources and conservation of the marine environment, actively
contributing to the development of Peru.

The institute continually makes hydroacoustic monitoring expeditions focused on E.
ringens and other biotic (and abiotic) resources, then the work focused on variation of
SST and an original estimation of upwelling is of particular interest. Furthermore
statistical models of anchovy biomass estimations, based on abiotic characteristics to be
used for long-term forecasting are unquestionably of utmost practical importance.

Therefore, it is evident that the results of this dissertation will undoubtedly contribute as
a basis for developing more useful recommendations for a better management of
fisheries and improvement of the economic situation in our country.
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PELIEH3MA

JloxTop oxeaHorpapuu

Pononsdo Maprun Koprexo Vp6una, o auccepranuu [xummu Xyana Mapruna Backesa
«VI3MEHYMBOCTh aOMOTHYECKHX XapAKTEPHCTHK IEPyaHCKOro alBE/UIMHIa M MX BIHAHHE Ha
HOIYJIALHUIO aHY0YCay

AKTYaJIbHOCTD:

[lepyanckuit ansesmnr (ITA) siBisieTcs OHUM U3 YeThIpeX HanboIee POy KTHBHBIX allBE/THHT -
peruoHoB B Muposom okeane (MO) u kpymnHeiumm ¢ TOuku 3peHus yyioBa peiobl. O6pasysich moj
neiictBueM IlepyaHckoro TedeHus, B pe3yjbTare AYIOLIEr0 B CTOPOHY SKBATOpa BETpa, CHia
Kopuonuca OTKIOHSET TeyeHHE B 3allaJHOM HANpaBIEHHH. DTO NPHBOJMT K alBEJULIHHTY,
KOTOPBIi BBI3BIBAET OABEM IIPOMEXY TOYHBIX BOJI, OOraThIX MHHEpATIaMHU, B 9B(OTHYECKHUH CITOMH.
B pesyibpTare B BEpXHEM CIIO€ OKeaHa CO3NAIOTCA OJIATONPHSTHBIC YCIOBMS JUIS TIEPBHYHOM
IOPOTYKUUH U pPa3BUTUS (PUTO- M 300IUIAHKTOHA, KOTOPBIE CIIY)KaT HCTOYHHKOM ITHIIH JUIL
pacupocTpaHEHHBIX BH/IOB IIeJIarHuecKuX psio.

Hecmotps Ha TO, 4to ITA 3amumaer miomans npuMepHo 0,02% MupoBoro okeaxa, Ha HETO
IpUXouTCs 0K0s1o 20% MHpPOBOTO yJI0Ba PHIOL. PEIG0TOBCTBO HMeEET GOJIBIIOE IKOHOMHIECKOS
3gaueHue A1 Hacenenus Ilepy. [Toatomy usydeHue HakTOpOB, BIMSIOMIMX HA (OPMHPOBAHHE
BOZIHOM OMOIpPOXYKTHBHOCTH, HMEET HE TOJBKO HAy4YHOE, HO H OrPOMHOE MPaKTHYECKOe
3HaYeHHe, IIIaBHBIM 00pa3oM B HallleH CTpaHe.

3HAYUMOCTh pa6orr>1 3aKJII049aeTCs B TOM, YTO OHA NPEACTABJIAET coboit HUHHOBAIlHOHHYIO TOYKY
3peHUA 6naronapﬂ KOMIUIEKCHOMY  aHallu3y KIHOYEBBIX a0MOTHYECKHX (I)aKTopOB, ux
B3aHMOCBS3€H, TIOCTPOCHHUIO CTAaTHUCTHYCCKHX MoJZiele U UX HCIOJIB30BaHHIO B HAOJITOCPOYHOM

NpOTrHO3UPOBAaHHH 6roMaccel aH4oyca.

OO6mue XapaKTepPHCTHKH paboThI

OcHOBHas IeJb HCCIEHOBAaHHMSA 3aKII0YAeTCs B H3YYEHHH OCHOBHBIX KpPYIHOMACIITAOHBIX
3aKOHOMEPHOCTEH ~aOMOTHYECKHX IapaMeTpoB (TeMIeparypa IOBEDXHOCTH —MOpi M
MHTErPUPOBAHHBIA HHJEKC ANBEUIMHIA) U NOCTPOCHHS CTATHCTHUYECKHX MOJEIEH yioBa
Engraulis ringens (Ilepyanckuii anuoyc), npeoblafaiomero npoMbICIOBOro Buaa y Geperos
Ilepy, 1 OLIEHKH HX IPOTHO3MPYIOIIMX BOIMOXKHOCTEH.

HccieoBaHue COAEPXKHT 53 pucyHKa, 14 Tabmu, 6ubnuorpauio u3 212 HCTOYHUKOB, BBEICHHE,
[I9Th IVIaB M 3aK/IOYeHHe. BO BBEJEHHH M3JIaraloTcsi YeTHIPE OCHOBHBIE TEMbI, KOTOPhIE OyayT
3aIIHINATECS, YCTAHABIMBAIOTCS LETH M 3a/a4d. B HeM Takke HILIOCTPHPYETCs NpaKTHIecKas
3HAYAMOCTh ¥ HAyyHas YHHKQIBHOCTH McciefnoBanus. ClieayeT OTMETHTb, YTO MOJY4CHHBIC
pe3yJIbTaThI IPECTABICHBI B CEMH IyGIHKAIMSX B HAY IHBIX JKypHaiax Poccuiickoi ®denepanuy,
TPH U3 KOTOPBIX BXOAAT B cicok BAK, a ueTsipe — B COOPHHKH MaTEPHAIOB ME)K/ly HAPOIHBIX 1
poccuiickux koudepentmii. Llean, TeMbl, HayyHas HOBH3HA W IMOAPOOHBIC BBIBOJBI B KOHUE
paGoTHI B3aUMOCBS3aHBI M COCTABJIAIOT EIMHOE LeJI0e.




OueHKa pe3yabTaToB

B ka4eCTBE OCHOBBI JUIsi PacueTOB GBUIN HCIIOIB30BAHBI H3BECTHBIE APXHBBI TOBTOPHOTO aHATIH3A
R2 1 GODAS (rnoGanbhas cucremMa acCHMHMISIHE OKEAHHYECKHX JaHHbIX). Jl1s pemeHus
MOCTaBJICHHBIX 3a/1a4 aBTOP rpaMOTHO IPUMEHHI HECKOJIBKO HanbosIee MUPOKO HCIIOJIb3YEMBIX
METO0B MHTCJUICKTYQJIbHOTO aHAJIM3a JJAHHBIX: MHO)KECTBEHHYIO JIMHEMHYIO PETPECCHIO, aHAIIH3
[JIaBHBIX KOMIIOHEHTOB, aHAJIN3 IVIaBHBIX (DAKTOPOB, KJIACTEPHBIN aHAM3 M AEPEBbS PEIICHHM.

OTH METO/IbI MOI'yT OBITH IIPUMEHEHBI K PEIICHHUIO Pa3JIMYHBIX THAPOMETECOPOJIOTHYCCKUX 3a/1a',
B YaCTHOCTH K KHaCCH(I)HKaLlHH H TIPOTHO3UPOBAHMIO.

O TeMax sl 32U ThI
ABTOp NPE/ICTABIIACT YETHIPE TEMBI VIS 3AIUTHL

1. XapaKTepuCTHKH pacIpesie/ieHus JHHEHHBIX TPEHAOB TEMIIEPATYPbl IOBEPXHOCTH MOPS
(TTIM) B Bonax ITA.

2. 3oumposanue Box ITA Ha ocHOBe MeskrozoBoif mamenunsoctd TIIM ¢ HCIOB30BaHHEM
METO/I0B MHOTOMEPHOTO cTaTucTHyeckoro anammsa (MCA).

3. 3aKOHOMEPHOCTH NPOCTPAHCTBEHHO-BPEMEHHON HM3MEHYMBOCTH HHTEIPAIBHOTO HHIEKCA
AlBEJUTMHIA, PACCYHTAHHOTO C HCIOJIb30BAHUEM TEOPHH DKMaHa, YU THIBAIOLIEH BEPTHKATBHBIH
MAacCOBBIH MOTOK Ha IITyOHHE TpeHHs.

4, CraTHcTHYECKHE MOZEC/IH yJIOBa aHY0YyCa Ha OCHOBE aOHOTHYECKUX XapaKTEPHUCTHK U OLCHKa
HX NMOTCHIHAIA VIS IIPOTHO3MPOBAHMS.

Bo-nepBEIX, aBTOp II0Ka3bIBACT, UTO B TeUEHHE TO/A B BOIHOM IpocTpaHcTse [IA HabmoaaroTes
OTpULIaTe/IbHbIe JIMHEHHbIe KonebGamus TIIM, mnpuyem GONBIIMHCTBO HTHX KOJeBAHUIL
TPOUCXO/UT B OTHOCHTEIBHO HEOOMBINOH MPUOPEKHON monoce B ceBepHOH wactu I1A. ITo
MHCHHIO aBTOpa, MX IOSBICHUE SBIACTCS PE3y/IBTATOM YCHICHHsS XONOAHOro IlepyaHckoro
TEUCHHA U YBEIHUCHHS WHTCHCHBHOCTH ANBEJLIMHIA, YTO OCOGEHHO 3aMETHO B MPHOPEKHOMN
nosioce y 6eperos ITepy. B menom ato mpuemmemo.

Brnepsble aBTOp HCIONB30BAN MHOTOMEPHBIE CTATHCTHYECKHE METONbI C (bakTopubM 1
KJTACTCPHBIM aHAIM30M I PErHOHATH3ALMH [IEPYaHCKOTO AlBeJUIMHTA HA OCHOBE MEKI00BON
m3menyuBocty TTIM ¢ nensio onpenenenus IIPOCTPaHCTBEHHO-BPEMEHHON M3MeHYuBOCTH TIIM.
Merton rnaBHBIX $HaKTOpPOB ObLT HCIOIB30BAH IS BBIIE/ICHUS YeTBIPEX KBA3HOAHOPOIHBIX 30H.
Paspenenue Bosmoii Teppuropun [1A Ha yeTspe KBa3HONHOPOIHBIE 30HBI GBUIO MIOATBEPIKIEHO

uepapxuyeckoil knaccudurauuert 216 Gakropubx Harpyzok mamHbix TIIM ¢ HCMIOIB30BAMMEM
noaxona Yopaa.

B ueTBepToii ri1aBe aHAMM3UPYETCS MHTErPATBHBIA HHAEKC ANBEJUIMHIA, a TAKKe JaeTCs MOJIHOe
OOBACHEHHE MpONECCa BBIYACICHHS HA OCHOBE TEOPHH DKMaHA. Wcnons3yst nammeie o
TIOBEPXHOCTHOM BeTpe 3a nepuox ¢ 1980 no 2020 rox, uuAeKe anBesMHra GbLT BHIYUC/ICH 110
OJMIHHA/IATH NPSMOYTOJIBHBIM TOYKaM, OOHApYXeHHBIM B Bomax IIA. TToxpoGublii amau3
BHYTPHTO/IOBOH M MEXKIOZOBOH  M3MEHUYHBOCTH HMHAEKCA  ANBEUIMHIA  [10KA3bIBACT
TOIOKUTE/IPHBIC TEHACHIMN Kak B MHAeKce anBesumnra (MA), tak u B rioy6ume TPEHHUS, UYTO
YKa3pIBaeT Ha YriyOjeHHE 3epPHHCTOCTH M YCHJIEHHE amBeuMHra. B 11 pervoHax Obuia
obHapyKeHa CHIIbHAst CTATUCTHYECKAS KOPPEIISIHS Mexay WA, riny6unoii tpenus u TIIM.

PaspaGorka craTucTHueCKHX MOjeNEi YJI0Ba aHY0YCa HAa OCHOBE a0HOTHYECKHX [IAPAMETPOB H HX
NIPUMEHEHHE JUIsl IPOrHO3HPOBAHKS PACCMATPHBACTCS B IIaBe 5 qucceprauut. [lis 5Toro sy
HCTIONE30BAHbI IBE MHOTOMEDHBIE METOIMKH: JepeBbsi pewenuit (J[P) u MHO)KECTBEHHas|
maneiinas perpeccus (MJIP). Pasmeps HCXOmHON —MaTpHLbI IPEAMKTOPOB  COCTABJISLIN
m X n =22 x 25, rae n — konmgectso JeT (1996-2020), am — UA u TIIM B 11 BOJIHBIX PErHOHAX



[1A. Onnt noKasajli BEICOKYIO TOYHOCTE. Moges JIP 1ocTHraeT 510l TOYHOCTH Ha HTare 3, TOrIa
xak TIEpEMCHHBIE MOZEH MIJIP obwsicusior 88% mucnepcun CPUE (YioB Ha € ’mmﬂ
HpoMmcnonoro YyCHJIMA) HAa 9Tame 5. IIpy  wucnons3oBammm  >THX Moneneg IIIIIIZ
HKCIEPUMCHTATILHOTO — TIporuosuposanust  CPUE  pasuuna mexmy — (pakTHuecKuMH —H
[pOTHO3HPYEMBIMH 3HAYCHHUAMH CPUE na 2017-2020 rozpi 6su1a He3HAYHTETBHOM.

BpiB0abI

MopcKoH m;?;n;yT Iepy (IMARPE) siBiisietes crienuam3upoBatHbIM TeXHAYECKAM areHTCTBOM
MHHHCTeP; e p°”3BIQIIICTBa, LEJIBIO KOTOPOTO ABJISETCS NPOBEICHUE HAYYHBIX HCCIIEOBAHUM,
u3ydyeHne u TO3HAHKUC 1IEPyaHCKOro MOps i ero pecypcoB, KOHCYJIBTUPOBAHHE TOCYAapCTBa I10

BoNpoCcaM MPUHATHS PCICHUH, KACAIOIMXCA PAIHOHAIBHOTO HCTIO/B30BAHNS PHIGHBIX PeCypCoB
J COXpaHEHHs MOPCKOM CPe/ibl, & TakiKe aKTUBHOE CoielicTBHe pasBuTHio [lepy.

MHCTUTYT MOCTOSHHO MPOBOJUT I'MAPOAKYCTHYECKHE HKCIIEAULINH, IOCBAIIEHHBIe E. ringens |
ApyruM OHOTHYCCKHM (i{ abMOTHYECKHM) pecypcam, I0dIToMy paboTa, IOCBALIECHHAS H3MEHEHHIO
TIIM u OpMIHHAIBHON ONCHKE AaNBEJUIMHra, MpeAcTaBiseT ocobli mHTepec. Kpome ToroO,
CTATHCTHYECKHE MOJEIM OLEHKH OHMOMAcchl aH4oyca, OCHOBaHHble Ha aOMOTHYECKHX
XapaKTEPUCTHKAX, KOTOpble OyIyT HCIIOIb30BATHCA VIS JOJTOCPOYHOrO MPOTHO3MPOBAHHS,

HECOMHEHHO, HMEIOT OTPOMHOE NPAKTHYECKOE 3HAUEHHE.

Takum 00pa3oM, OUEBHIHO, UTO PE3YNBTATH] ITOH AUCCEPTALMH, O€3YCIOBHO, IOCTYXKaT OCHOBOH
15 pa3paboTKy 60Jiee MOJE3HBIX PEKOMEH/IALUMA 110 COBEPIICHCTBOBAHHIO YIIPABJIEHH PBIOHBIM
X03SIHCTBOM U YJIY4IICHUIO SKOHOMUYECKOH CHTyalluH B HalIEH CTpaHe.
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Komel nepeBojja JOKyMEHTa

A, ounnomuposanmwiii nepesoduux LLymununa Eeeenus Anexcanoposna, 61a0eiowas pyccKuM,
UCHANCKUM U GHETUTICKUM A3bIKAMY, ROOMBEPIICOAI0, YMO BbINOIHEHHbLI MHOIO nepeeoo s6J5emcs.
NPAGUNLHBIM, MOYHBIM U NONHBIM.
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Broporo jiekabpst jme thicsau ajmars 1s1oro roja.
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