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Due to a global climate change the following consequences are predicted: rise in sea level due to
melting glaciers and polar ice, changes in precipitation, changes in the hydrological regime,
impact on ecosystems, agriculture and forestry. In Russia’s vast territory these effects will be
most dramatic. According to Hydrometeorological Center of Russian Federation report there is
an increase in the magnitude and frequency of extreme weather events, as well as in their
damage to ecosystems and infrastructure.

In the framework of adaptation to climate change and mitigation of its consequences it is
necessary to promote and support activities aimed at reducing possible risks. Adaptation methods
include among others improving seasonal weather forecasts, systems of early warning and
systems of management of risks.

But there is a problem of insufficient awareness among decision-makers, as well a lack of
scientific background. Those responsible for making decisions, stakeholders and the public do
not have the skills and knowledge to work with the accumulated climate data to development an
adaptation and sustainable development strategy. The goal is to provide these groups with tools,
skills, thematic information for understanding climate processes occurring in the region.

We believe that the preparation of both the persons responsible for decision-making, and the
future specialist in environmental sciences shouldn’t be realized artificial learning environment,
but on the basis of actual operating computational and information systems used in climate
research. Such kind of a system was developed by a team of the Institute of Monitoring of
Climatic and Ecological Systems SB RAS. The information-computational Web GIS "Climate"
(http://climate.climate.scert.ru) provides opportunities to study regional climate change and its
consequences providing access to climate and weather models, a large set of geophysical data
and means of processing and visualization. Also, the system is used for undergraduate and
graduate students training. In addition, the system capabilities allow creating information
resources to raise public awareness about climate change, its causes and consequences, which is
a necessary step for the subsequent adaptation to these changes. “Climate” allows climatologists,
specialists in related fields, decision-makers, stakeholders and the public use a variety of
geographically distributed spatially-referenced data, resources and processing services via a web-
browser.

Currently, an interactive System User Manual for decision-makers is developed. It contains not
only the information needed to use the system and perform practical tasks, but also the basic
concepts explained in detail. The knowledge necessary for understanding the causes and possible
consequences of the processes is given. The results of implementation of practical tasks are
available not only in the form of color surface maps, but also on the Internet and in the form of
layers for most GIS. Thus these layers can be used in usual desktop GIS which is a common
software for most of decision-makers. Thus, this manual helps to prepare qualified users, which
in the future will be able to determine the policy of the region to adapt to climate change
consequences.
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IMoBbINIeHNE IKOJTOTHYECKOI 0CBETOMIEHHOCTH: Pa3padoTKa HHTEPAKTHBHOIO CepBHCA
JJISl PCIICHUA KIITMMATHICCKUX np06.11eM

B JOKJIaac paCcCMOTPEHBI MOAXO0AbI K ITOBBIIICHUIO YPOBHA OCBEAOMJICHHOCTH HIMPOKUX
CJIOCB HACCJICHU, a TAKKC JINL, OTBCTCTBCHHBIX 3a IPUHATHUC peIHCHI/Iﬁ, O MPOUCXOAAIINX U
O0KHNJACMBIX KIIMMATUYCCKUX U3MCHCHUAX U UX MMOCICACTBUAX AJId PETHOHA.
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Habmronenus u pe3yapTaTbl MOAECTUPOBAHUS YKa3bIBAIOT HA TO, UTO KJIMMAT 3eMIIn
mensiercs (http://www.ipcc.ch/pdf/assessment-report/ar5/wg2/ar5_wgll_spm_en.pdf) u Poccus
OTHOCHUTCS K peTHOHAM 3eMJIU C MaKCUMaJIbHbIM HAOJIOIaeMbIM U TPOTHO3UPYEMbBIM
U3MEHEHHEM KJIMMara Oaroapsi pa3mepam CBOCH TEpPUTOPUU B TOMY, UTO 3HAUMTENbHAs €€
4acTh HaXOAUTCA B BHICOKHMX U MOJSIPHBIX MIHUPOTax. JlaHHbIe MOHUTOPHHTA COBPEMEHHOTO
kiuMmaTa Poccuu nokasplBaroT, 4YTO B OCIIEAHUE T'OJIbl TEHACHLINS K ITOTEIIEHUIO 3HAYUTEIBHO
ycunuiach. Takke UMeeT MECTO POCT BEJIMYMHBI U YACTOTHI MOSABICHUS SKCTPEMAIIbHBIX
KJIMMaTHYECKUX SABJICHUH, a TAK)Ke BO3PACTAIOIINHN yIIepO At 3KOCUCTEM U HH(PACTPYKTYPHI OT
Hux. CoracHo nociaeIHuM JaHHbIM PocruapomerienTpa
(http://www.meteorf.ru/upload/pdf_download/%D0%94%D0%BE%D0%BA%D0%BB%D0%B
0%D0%B42016.pdf) B 2016 roay B 1ienmom Ha Tepputopun PO ormeuanocs 988 omacHbIx
TUIPOMETEOPOJIOTMUECKUX SIBICHUN (BKIIIOYAsi arpOMETEOPOIOTNYECKUE U THAPOJIOTUYECKHUE),
u3 HuX 380 HaHecu 3HAYUTEIbHBIN yiepO 0TpaciisiM SKOHOMUKH U KU3HECSITeIbHOCTH
HaCEJICHUS.

Bce a1 QaxThl yka3pIBalOT HA HEOOXOAUMOCTh POBEACHUS OIICHKU SKOJIOTUYECKHUX,
HKOHOMMYECKHX, MOJIUTUYECKUX U COIIMAJIbHBIX NOCJIEACTBUI IT00AJIbHBIX U3MEHEHUH KiIMMaTa
JUTSL KOHKPETHOTO PEerroHa, a TAK)Ke BBIPAOOTKU MEp MO aJanTally K 3TUM U3MEHEHUSIM U
YMEHBIIECHUIO UX HeratuBHOro BiusHus. CornacHo ganaeiM MI'OUK ysa3BuMocTts B Oymyiiem
3aBHCHUT HE TOJILKO OT U3MEHEHHI KJIMMaTa, HO U OT BHIOPAHHOTO CIIOCO0a pa3BUTHSL.
CrabunpHOE pa3BUTHE MOXKET YMEHBIINUTH YSI3BUMOCTD. JJIst TOCTHIKEHUS yCIexa aanTaris
JOJKHA BXOAMTD B TJIAHBI CTAOMIIBHOTO Pa3BUTHS HA HALIMOHAILHOM U MEXIYHAPOIHOM
ypoBHsx. Ha HanmoHansHOM ypoBHE JUIs pa3paboTku 3(p(HEKTUBHOM CTpaTeruu ajanTaluuu
HeoOXoMa MpexJie BCEro pa3padoTka o0pa3zoBaTeIbHBIX IPOTPaMM, YITyUIIEHUE TPAKTHYECKOM
MOJrOTOBKH U MOBBILIEHHE OOILIECTBEHHOW OCBEIOMIIEHHOCTH 00 3TOil pobiieMe, Mpeke BCEro
JIUIL, ONPEEINAIONINX CTPATEeTHIO aIalTalluu K u3MeHeHusIM. Cructema aganTaiuu K
KIIMMaTUYECKUM U3MEHEHUSIM JI0JDKHA BKITIOYATh B CEOs pa3IMuHbIC aMUHUCTPATHBHBIC YPOBHH
oT (hefiepaIbHBIX 10 MECTHBIX, C YYETOM PErHOHATIBHBIX MPUPOAHBIX U COLUATBHO-
HKOHOMMUYECKHX 0COOeHHOCTEeH. [11st 3TOro HeoOXOAMMO COTPYIHUYECTBO U COTTIACOBAHUE
JEMCTBUM MEXK]y pa3IMUHbIMU aIMUHUCTPATUBHBIMHM YPOBHSIMHU, & TAKKE MAaKCUMaJIbHOE
BOBJICUCHHE B ITPOLIECC AAANTALUU BCEX 3aMHTEPECOBAHHBIX CTOPOH.

Cornacao Kimumaruueckoit mokrpune P® (http://www.meteoinfo.ru/climatedoctrine)
HEOOXOJMMBIM yCJIOBHEM YCHEIIHOM MOJIUTUKU B 00JIACTH KJIMMAaTa sSBJIIETCS IPUMEHEHHE
PE3YABTAaTOB UCCIEAOBAHUH JI OLIEHKU PUCKOB U BBITOJI, CBA3AHHBIX C MOCIEICTBUAMU
M3MEHEHUH KJIMMaTa, a TaKKe BO3MOYKHOCTH aJjalTalluy K 3TUM nocieacTsuam. s
peanu3aiyy 3Toi MOJTUTHUKY HEOOXOAMMa MOATOTOBKA JIHII, KOTOpbIe OyayT pa3pabaTsiBaTh U
MIPUMEHATH MEPHI M0 aganTauu. B HacTosiee BpeMs Jiniia, OTBETCTBEHHBIE 3a IPUHSATHE
pelleHni, 3anHTepecoOBaHHbIE CTOPOHBI M HACEJIEHHE, OT KOTOPBIX M 3aBUCHUT BBIPaOOTKa
aJICKBATHBIX MEp IO aIallTalluk U YMEHBIIEHUIO HETaTUBHBIX MOCIEACTBUN U3MEHEHHH KIIuMara,
HE UMEIOT HaBBIKOB U 3HAHUU JJIs1 paOOTHI C HAKOTNIEHHBIMU KIIMMAaTUYECKUMH JaHHBIMH,
HEOOXOIMMBIX JJIS aHaJIM3a U BBIPAOOTKH COOTBETCTBYIOIIEH cTpareruu. Heobxonumo
00ecCreunTh ATH TPYIIBI 3aMHTEPECOBAHHBIX JIUI] UHCTPYMEHTAMH U YMEHUSIMH, a TAKKe
TeMaTH4YeCKor HMH(pOpMAIIUEH JIsl TOHUMAHUS TPOUCXOASIINX KIMMAaTHYECKUX TTPOIIECCOB B
pETHOHE.

Mp&I cunTaeM, 4To MOATOTOBKA KaK JIMI, OTBETCTBEHHBIX 32 MIPUHATHE PEIICHUN, TaK U
OyAyIIUX CIEIHATUCTOB JOJKHA OCYIIECTBISATHCS HE B UCKYCCTBEHHO CO3/IaHHON 00yvarorei
cpene, a Ha 6a3e pealbHO JEHCTBYIOIINX BBIYUCIUTEIHHO-UHPOPMAITMOHHBIX KOMIUIEKCOB,
MCIIOJIb3YEMbIX B KJIIMMAaTHUYECKUX UCCIeI0BaHUAX. i perieHus 3Tou 3a1a4uu npejiaraercs
MCII0JIb30BaTh BO3MOXKHOCTH UH(pOpManiMoHHO-BbruncauTenbHoi BeO-I MC «Knumaty.

WNudopmanmonno-peranciutenbraas Be0-I' MC «Kimmaty (http://climate.climate.scert.ru)
obecrieunBaeT GyHKIIHOHUPOBaHHE WeD-OpUEHTHPOBAHHOTO TPOM3BOICTBEHHO-
MCCJIEIOBATENLCKOTO IIEHTPa B 00JIaCTH UCCIICOBAHNS H3MEHEHHH PETMOHAIEHOTO KIIMMATa.
Cucrema gaet A0CTYM K 00JIbIIUM HA0OpaM MPOCTPAHCTBEHHBIX JAHHBIX O COCTOSIHUU
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OKPY’KaroIlle cpeibl, CPEACTBAM UX AHAJIN3Aa U BU3YAIU3alUH PE3yIbTaTOB, IPOBEICHUS
HAy4YHBIX MCCIIEOBAHUN paclpeeI€eHHBIMA HayYHbIMH KOJUIEKTUBAMHU Ha OCHOBE 3THX
NPUIOKEHUH, 8 TAK)KE OpraHU3aliy OOyUCHHS CTYICHTOB U aClIUPaHTOB [BeCcTHHK?].

Crenuanuct - nojab30BaTeNb CUCTEMbI B3aUMOIEUCTBYET C CUCTEMON Yepe3 €€ UHTEPHET-
MOpTaJl, OTKPHITHIM B UMEIOIIEMCsI Ha JTI0001 COBpeMEeHHOU pabouelt ctaHuu Be0-Opaysepe. C
MIOMOIIBIO TpaduuecKkoro nHTepdeiica CUCTEMBI MOJIb30BaTEIh MOXET, nucnoib3ys [ MC-
(GyHKIIMOHAIBHOCTh, MAaHUITYJIUPOBATh pe3yJibTaTaMu 00paOOTKHU U aHAJIN3a, IPEACTaBICHHBIMU
B BHUJIE CJIOEB Ha reorpaduyeckoii kapre ajs BelOpaHHOro pernona. [loap3oBarento
MPEIOCTABIISAETCS BO3MOKHOCTD BBIOUPATH MOAXOSAIINI HA0Op JaHHBIX, COOTBETCTBYIOILYIO
npoIeypy UX aHallu3a, MHTEPECYIOLINI BpEMEHHOM Neprol U reorpadudeckyro oomacts. [l
aHaJIM3a MOJTYYEHHBIX PE3YIbTATOB OH MOXKET MPOBOJIUTH YBEJIMUCHHUE U YMEHbIIIEHUE MaciuTaba
KapToOrpauuecKoro CJos, MoJyyaTb 3HAYSHUS CO BCEX CIIOEB B TOYKE, POU3BOUTH
JOTIOTHUTEIbHYI0 00paboTKY paHee MOJyYEHHBIX Pe3ybTaToB (HalpUMep, CPaBHUBATH JIaHHBIE
C pa3JIM4HbIX CIIOEB).

Cucrema «Knumat» obecrnieunBaet:

- 00paboTKy M aHaTU3 HAOOPOB re0(PU3NIECKUX JAHHBIX, TPEICTABIISIFOIINX COOO0M

HaOOPBI TEONMPUBI3aHHBIX KIMMATHUECKUX U METEOPOJIOTUUECKUX BEIUYHH,

[IOJIYYEHHBIX B Pe3yJIbTaTe U3MEPEHUHN WM YUCIEHHOTO MOJIEIUPOBAHUS, a TAKKE

JAHHBIX JUCTAHIMOHHOTO 30HAUPOBAHUS.

- HHTEPOIEepadeIbHOCTh C IPYTUMHU HH()OPMAITMOHHO-BBIUYMCIUTEILHBIMUA CHCTEMAMHU

IIPU OMUCAHUH PE3YJIHTATOB BHIYMCICHUHN U MPEAOCTABICHUH COOTBETCTBYIOLINX BEO-

CEPBHCOB;

- UCIIOJIb30BaHue TexHojorui Beo6-I'MC;

- MOAYJIbHYIO OpPraHU3aLUIO OT/IEIbHBIX POrPAMMHBIX KOMIIOHEHT C BO3MO>KHOCTBIO

paciupenus QyHKIMOHAIBHBIX BO3MOXKHOCTEH aHallM3a 3a CYET UCIIOJIb30BAHUS

JIOTIOJIHUTEJIBHBIX IPOTPAMMHBIX MOAYJIEH;

- HCII0JIb30BAHUE MTPOCTPAHCTBEHHO-PACTIPEICIIEHHBIX HAOOPOB re0(pU3NUECKUX JAHHBIX

(IaHHBIX peaHaIN30B, KIMMAaTHYECKOTO0 MOIETUPOBAHUS U CITyTHUKOBBIX HAOJIIOICHHI)

JUIS NCCIIEIOBaHUS KJIMMATUYECKUX U DKOJIOTMUECKUX U3MEHEHU.

- BO3MOXXHOCTH BU3YaJIU3allM PE3YJIbTaTOB MOJEINPOBAHMUS;

- BO3MOKHOCTb J100aBJI€HHSI HOBBIX PECYpCOB (Kak armapaTHbIX, TAK U IPOTPaMMHBIX);

- B3aUMO/ICHCTBHUE MOJIb30BaTEIIEH;

- IOJIIEPKKY TOJIb30BaTeNel (MccieoBaTeN, MpenoaaBaTeiy, CTyIeHThI, IHPOKHe

CIIOW HACENICHHSI, 3AMHTEPECOBAHHBIC JIMIIA).

ITomrMoO IpOBENEHUS HEMOCPEICTBEHHBIX UCCIIEJOBAHUM, IT0JIb30BATENb TAKKE MOKET
IIPOBOJAMTH COBMECTHBIE CCIIEAOBAHNUS C APYTUMU TOJIb30BaTEIIMU, OOMEHUBATHCS
NOJY4YeHHBIMHU pe3ynbTaTamu. [ obueHus, ooMeHa nHpopmanreil 1 COBMECTHBIX
HCCIIEIOBaHMM B cucTeMe umeercs GpopyM, a JUisl HaIOJIHEHUS BbIIEJICHHBIX pa3/ieloB BeO-caiiTa
COOCTBEHHBIM coJiepykaHueM - cucTema Wiki, koTopast obecrneunBaeT 1 OpraHu3yeT COBMECTHBIN
IIPOLIECC CO3/IaHusl, peJaKTUPOBAaHUS U YIIpaBieHUs cosepkanueM. Kpome Toro, cucrema
UCTIONIb3YeTCs JUIs 00y4eHHsI OCHOBAM HCCIIEIOBAaHUS H3MEHEHUI PErMOHAIBHOTO KIMMaTa 1
KJIMMaTo00pa3yronux (akTopoB, AJs 4Yero B Hel MPeyCMOTPEH CHeHallbHbIN pa3aen,
coJiepKaliii oopa3zoBarebHble MaTepHabl U MHTEPAKTUBHBIE 00yYaroIue KypChl.

B HacTos1ee BpeMs B cucTeMe pa3MellleH B OTKPBITOM J0CTYIe HH(OPMAIIMOHHBIN KypC
10 KJINMaTU4€CKUM U3MEHEHUSAM, OPUEHTUPOBAHHBIN Ha IIMPOKKE CJIOU HACEJIEHUS U JIUIL,
OTBETCTBEHHBIX 3a npuHsTue pemenunii (http://climate.scert.ru/resources/courses/). B pamkax
Kypca JOCTYIHBIM SI3bIKOM M3J1araroTcs U NOMY/ISPHO WILITIOCTPUPYIOTCS OCHOBHBIE IOHSTHS U
po0OJIeMbl COBPEMEHHBIX KIIMMaTHYECKUX U3MEHEHHUH U UX BO3MOXKHBIX nocneacTBuil. Ocoboe
BHUMAaHUE YJEJIIETCs] perHOHAIBHBIM KIMMaTHYeCKUM 3MeHeHUsIM. [ToMumo nHpopMamonHon
4acTH, KypcC Tak)Ke BKJIIOYaeT B ce0sl MOJOOPKY CChUIOK Ha CETEBbIE PECYPCHI 110 aKTyalbHbIM
BOIPOCaM HaykK O 3eMJIe U IPAKTUUECKUE 3aJaHus AJIs 3aKpEIUICHHs MaTepuaa, KOTOpbIE TaKxkKe
BBITOJIHSIOTCS /111 KOHKpETHOU TeppuTopuu. B pamkax 3aianuil moiab30BaTessiM HEOOXOAUMO
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MIpOaHaIM3UPOBaTh, HA OCHOBE 3apaHee MOATOTOBIECHHBIX B PAMKaX CHUCTEMBI CJIOEB
KITMMATUYECKUX XapPAKTEPUCTHK, KaK MEHSJICS KIIMMAaT HHTEPECYIOIIEH ero TePpUTOPUU U
OTBETUTH Ha KOHKPETHBIE BOMPOCHI, ACTATU3UPYIOLINE KIUMaTuYeckue n3meHenus: «Kax
M3MEHWINCh MUHUMAJIbHbIE 3HAUEHUS 3MMHUX TeMIleparyp», «KakoBa quHamuka
MaKCUMAJIbHBIX JIETHUX TeMIIeparyp» H T.1.

[TpoxoxkaeHue Kypca 03BOJIIET O3HAKOMUTBCS C BIUSHUEM KIMMAaTHYECKUX U3MEHEHUN
Ha COOTBETCTBYIOIINE MPOLIECCHI B UCCIIEyEMOM PErHoHe, He U3y4das MPeIBApUTEIbHO METOIbI
CTaTUCTUYECKOTO aHAIN3a U pabOTHI C OOJIBIIMMH apXUBAMH JAaHHBIX, & TAKXKE COBPEMEHHOE
IPOrpaMMHUPOBaHKE Ha SI3bIKaX BBICOKOTO ypoBHS. [IpoBeeHre caMOCTOSTEIbHOTO aHaN3a
JUHAMUKA KJIMMaTHYECKUX U3MEHEHHUH CIIOCOOCTBYET JIydllieMy IIOHUMAHUIO TPOUCXOIAIINX
KIIMMaTU4YecKux mnporeccos. [IpoxoxkaeHune Kypca B 1IeJIOM MTOBBIIIAET YPOBEHb
UH(GOPMHUPOBAHHOCTH IIUPOKUX CIOEB HAaceleHus. JJoBeieHHas 10 3aMHTEPECOBAHHBIX TPYIIT
JIUI] HAyYHO-000CHOBaHHAS HH(OPMALIKS O MPOUCXOAAIIUX U OKHUAAIOIINXCSA KIIMMAaTUYECKUX
U3MEHEHHUSX B PETHOHE MPOKUBAHUS TIOATOTOBUT K OXKUIAEMBIM MOCIEICTBUAM U OyIeT
CTUMYJIMPOBATh MIOUCK IyTeH aanTaiuy K HUM.

s pa3paboTku 3PGEKTUBHBIX MEp IO aJaNTallii U YMCHBIIICHUIO HETaTUBHBIX
MOCIEACTBHUI SKCTPEMAIbHBIX MPOSBICHUN KIMMAaTa Ha PerHOHaIbHOM YPOBHE HEOOXOAUMBI
TOYHBIC 3HAHHS O reorpapuu KIMMAaTHIECKUX SKCTPEMYMOB, YAaCTOTE UX MOSBICHUS U
WHTEHCUBHOCTU. B Hacrosiee Bpems B cucteme «Kimmary pazpabaThiBaeTcs MPaKTUKYM
«AHaIU3 SKCTPEMAIbHBIX NTOKa3aTeJIel PETHOHAIbHBIX U3MEHEHUH KIMara». B HeM U310kKeHbl
OCHOBHBIE CTATUCTHYECKHUE MTPHUEMbI 00pa0OTKHU U aHAIM3a METEOPOIOTHUECKHUX JAHHBIX IS
KOJIMYECTBEHHOTO OIMCAHMSI SKCTPEMAJIbHBIX KIIMMAaTUUECKUX SIBJICHUI B YCIOBUAX
COBPEMEHHBIX KIMMATHUECKUX U3MEHEHUH U X BO3MOXHOTO BIUSHUS HA COCTOSIHUE
OKpYy Karolllel cpelibl pernoHa. TeopeTnueckuil MaTepuall MOAKPEIJICH NPAaKTUYECKUMU
paboTamu ISl ©3y4EHUsI MHOTOJIETHETO peXrMa Terlla U BJIard Ha TEPPUTOPHUH OTAETHHBIX
pernoHoB. [Ipoxok/ieHne Takoro Kypca Mo3BOJIMT MOJIyYUTh 3HAHUA O CIIoco0ax aHanu3a
SKCTpPEeMalIbHBIX KITMMAaTHUYECKUX SIBJICHUI PETHMOHALHOTO MaciuTaba, 1aayT MpeicTaBiIeHHe O
MIPOU30LIEIIINX U3MEHEHUAX KIMMAaTHYECKUX SKCTPEMYMOB U YIIIyOST MOHUMAaHHUE POJIU 3TUX
U3MEHEHUH B IMHAMHKe OMOC(EepHBIX MPOLECcCOB (HapUMep, U3MEHEHHs! YTIepOIHOIO U
TUIPOJIOTUYECKOTO 1IMKIIOB), U Pa3BUTHUS COLMO-3KOHOMHUYECKOH cdepbl. Kpome Toro,
MOJIyYeHHbIE 3HAHUSI MOTYT SIBUTHCSI OCHOBOM ISl IOJATOTOBKH a/IpECHBIX PEKOMEHIALUN 110
aJanTalyy ¥ YMEHBIIEHUIO HETaTUBHBIX MOCEICTBUN SKCTPEMAIIBHBIX SIBJIEHUM HAa0JI10/1aeMbIX
B HCCJIEyEMOM PETHOHE.

B nHacrosiee BpeMs Ha 6a3ze pa3pabOTaHHOTO Kypca UIEeT padoTa Mo CO3aHuUI0
MHTEPAKTUBHOI'O PYKOBOJCTBA ISl MI0JIb30BATENS CHCTEMBI — OTBETCTBEHHOIO 3a IPUHATHE
pemieHuid. B pykoBozicTBe conepKUTCS HE TOJIBKO HH(OpMalns, HeoOX0uMast JUIsl TOJIb30BAHUS
CHCTEMOM U BBIIIOJHEHHUS MPAKTUUECKUX 3a/laHUM, HO TaKXXe JAeTalbHO OOBSICHIIOTCS Oa30BbIe
MOHSTHS, JAIOTCS 3HAHUS, HEOOXOIMMBIE JUIsl TOHUMAHUSI IPUYMH U BO3MOXKHBIX MTOCIIEICTBUI
MPOMCXOJIAIINX MPOLECCOB, pa3pabaTbiBaeTCsd MHTEPAKTUBHBIN occapuii. Pe3ynbrarsl
BBITMIOJTHEHUSI pACU€TOB MPE/ICTABIEHBI HE TOJILKO B BUJIE€ KapT, HO TAK)KE JOCTYIHbBI B UHTEPHETE
U B BHJIe coeB 11 6onbinHcTBa [ YIC, KOTOpBIE B HACTOsAIIEE BPEMS IIMPOKO UCTIONB3YIOTCS
MPEICTaBUTENIIMU aJIMUHUCTPATUBHBIX CTPYKTYP Ui pa3paOOTKHU CTpaTeruii pa3BUTHS B
pa3IMYHBIX OTpacisix. IToroM mpoxoxaeHust Takol MOJATOTOBKU JOJIKHO CTATh MOSIBICHUE
KBaJIM(ULMPOBAHHOTO OJIb30BATENISl CUCTEMBI, KOTOPBIN B JAJIbHEHIIIEM CMOXKET ONPENEATh
MOJUTHUKY aJaNnTallluyd PETUOHA K MOCIEICTBUSIM U3MEHEHUS KIMMaTa.
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ABSTRACT

Supplier performance appraisal systems can be an important element for companies. The current evalution system
can not to be used to select a potential supplier in a procurement system because it only provide uninvited supplier
data but not provide vendor rating results in recommendations to participate in the bidding procurement. This
research sets and gets 5 priority level criteria and 20 sub criteria in evaluation PT Krakatau Daya Listrik supplier
performance. The Criteria, Sub Criteria and Alternative Supplier Priority analysis with fuzzy AHP method is
known that Supplier A has the best achievement with the value of 1.008 compared to Supplier B with value of
0.602 and C pair with value of 0.660. it is recommended to select a pair because it has a good performance in the
Daftar Rekanan Terundang (DRT). Evaluation of supplier performance the procurement of material in PT
Krakatau Daya Listrik work effectively and efficiently.

INTRODUCTION

Supplieris one of necessary business partners in ensuring the availability of supply goods required by the company.
There is no a prosperous and healthy company without having good suppliers who are excellent in delivering the
best quality of goods in time. Hence, a company should assess supplier performance carefully and sustainably.

PT Krakatau Daya Listrik as one of PT Krakatau Steel subsidiaries put the effort in enhancing electrical production
capacity, reduce production costs and intensifying equipment reliability. In order establishing that condusive
operation, PT Krakatau Daya Listrik requires vendor who supply goods and services in time. PT Krakatau Daya
Listrik has some criteria in selecting and finding vendors with excellent quality. They are punctuation in delivery,
quality consistency, comprehensiveness of legal documents and others. In 1960, Dickson had made 23 criteria list
which become reference for decades as a standard for evaluating suppliers.

Improvement in power plant supplier evaluation system in tight competition between industry insecutants in
Cilegon become an important element for a company to work more efficient in raw material procurement and
spare part and also selecting their strategic suppliers.

Some researchers have determined several criteria for supplier assessment such as quality, delivery, pricing,
communication systems, service, flexibility, geographic location, etc. the main subject in this study is how to
determine criteria and sub criteria in assessing the performance of suppliers on the procurement of goods in PT
Krakatau Daya Listrik.

MATERIALS AND METHODS

Supplier performance evaluation become a difficult decision because various criteria shall be considered in the
decision-making process. The analysis in selecting and measuring the supplier performance has been the focus of
attentionmany scientists and procurement practitioners since the 1960s. Dickson (1960), for the first time
conducting extensive studies in identifying, defining and analyzing the criteria are used in selecting a firm as a
partner. There are more 23 criteria are determined in his study which each respondents should give assignment
the importance to each criteria.

Additionally, Weber at al. (1991) presents the classification of all articles published since 1966 based on the
criteria's attention. Build upon 74 papers, there are price criteria, delivery process, quality of goods, production
capacity and geographical location which have became the most commonly referred to in the literature.

Table 1Criteria Used In Previous Research
Performace Previous Researcher
Criteria Used

Asamoah Pitchipoo Roman et Kumar et Sarot et Prabjot et De felice Garomaet

etal 2012 et al al(2014) al(2011) el (2011) al (2014) et el al (2014)
(2013) (2015)
Quality X X X X X X X
Cost X X X X X
Price X X X X
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Reliability X
Regulatory X
compliance

Risk X
Financial X X X
Position

Financial X

Repution

Profil of x

Supplier

Financial X

Status
Delivery

Warranty
Capacity
Term of X

payment

The Desire to X

Hold Stock

Technology

Service X X X X

Reputation X X X
After Purchase X

Supplier X
Performance

XXX

Table 1Criteria Used In Previous Research
Performace Previous Researcher
Criteria Used

Asamoah Pitchipoo Roman et Kumar et Sarot et Prabjot et De felice Garomaet
etal 2012 et al al(2014) al(2011) el (2011) al(2014) et el al(2014)
(2013) (2015)

Supplier X

Quality

System

Geographic X

Location

Technical X

Capability

Late Time X

Cycle Time X

Prospect X
Supplier
Development
Transportation

Audit Supplier

Production
Capability

XXX

RESULTS AND DISCUSSION
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Criteria 1 this study, define Criteria and Criteria Sub. Criteria and Sub Criteria Determination are obtained through

... literature review and benchmarking. Benchmarking type with functional method. Because PT Indonesia Power

Sub Criteria has the same process of power generation industry. The next step in the interview is to set up Criteria and Sub

Criteria according to the needs of PT Krakatau Power based on the Court. Here are the selected Criteria and Sub
Criteria :

Table 2 Selected Criteria and Sub Criteria
Criteria Sub Criteria
Delivery Timeliness of delivery
Accuracy of quantity of goods by order
History of successful cooperation
Flexibility in volume
Quality Compatibility with specifications
Replace material that do not fit the order quickly
Support technical data of material ordered
Provide document that support the authenticity material
Price Affordable price
Discount
Prices always remain within the validity period
Term of payment
Service Technical support
Flexibility and responsiveness
Ease to contacts
Spright warranty for material claims
K3 Compliance with K3 Procedures
Use of Personal Protective Equipment
Packing of Material Meets K3 & Environmental
Standards
Transport Material Meets K3 & Environment standards

Alternative

Table 2 has shown that there are 5 selected Criteria and 20 Sub Criteria from PT Krakatau Daya Listrik
Superintendent Procurement as Judgement Expert. The assessment Judgement Expert to Criteria & Sub Criteria
is important in assessing supplier performance that later on would be arranged in Hierarchy Structure. This
Hierarchy Structure would be used to evaluate supplier performance &questionnaire arrangement. In these
questionnaires, the weight of the priorities for each criteria, sub criteria and alternative supplier will be assessed.
The questionnaires would show which supplier who has the highest value as final result.
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Criteria for Consistency Testing with Fuzzy AHP Methods

After obtaining the value A,,4ksimumOf €ach matrix, each matrix is tested for its consistency. The respondents
have set the values for pairs A, B and C before alternative calculations starts from filling out the matrix from each
respondent. One respondent for one matrix table.

Table 3 Respondent Criteria Matrix 1

Criteria Delivery Quality Price Service K3

Delivery 1.00 1.00 3.00 3.00 1.00
Quality 1.00 1.00 3.00 3.00 3.00
Price 0.33 0.33 1.00 1.00 1.00
Service 0.33 0.33 0.33 1.00 1.00
K3 1.00 0.33 1.00 1.00 1.00

The table shown above are using the Saaty Scale table. After data from each respondent matrix has been filled,
the next step is to select respondent matrix 1 to normalize respondents assessment value.

Table 4 Respondent Normalization

Criteria Delivery Quality Price Service HSE Number  Priority Vector
Delivery 0.27 0.33 0.36 0.27 0.14 1.38 0.28
Quality 0.27 0.33 0.36 0.27 0.43 1.67 0.34
Price 0.09 0.11 0.12 0.27 0.14 0.74 0.11
Service 0.09 0.11 0.04 0.09 0.14 0.48 0.11
HSE 0.27 0.11 0.12 0.09 0.14 0.74 0.15

After normalizing the respondent assessment value, we get the priority vector values for suppliers A, B and C.
Further steps, the consistency value (multiplication matrix) is shown as the table below:

Table 5 Consistency Value (Multiplicative Matrix)

Priority ~ Decision Time / Vector

Criteria Delivery Quality  Price  Service HSE  Number Vector times results
Delivery 0.27 0.33 0.36 0.27 014 1.38 0.28 1,45 5,13
Quality 0.27 0.33 0.36 0.27 043 1.67 0.34 1,75 5,15
Price 0.09 0.11 0.12 0.27 014 0.74 0.11 0,58 5,15
Service 0.09 0.11 0.04 0.09 0.14 048 0.11 0,58 5,15
HSE 0.27 0.11 0.12 0.09 014 0.74 0.15 0,77 5,16

The value A,,4xsimumiS Obtained by dividing the result value (a) with the priority Vector. The results are summed
up and divided by many criteria (n)

513+515+515+515+5,16

Amaksimum - 5

515

Furthermore, the value of the consistency index is calculated (CI)

Amax—n _ 515-5

Cl = w1 - 51 = 0,038
Based on the table, forn=5,so0 Rl = 1,120
CR = Cl 0,038 0.034
~ RIT 1,120

For a matrix A is obtained CR <0.1000.This means that the assessmentvalue is obtained from consistent
respondent. In the matrix of respondents 2, 3 and 4, the consistency value was tested with the same steps and
processes. The results are listed in the table below:
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Table 6 Respondent Matrix Test Result

Matriks Amax Cl CR Consistent
Respondents 2 5,44 0,109 1,120 Consistent
Respondents 3 5,18 0,045 1,120 Consistent
Respondents 4 5,24 0,060 1,120 Consistent

The consistency test results show a questionnaire consistently fulfilled by the respondents. This means that the
questionnaire can go to the next step with criteria weightingby using AHP fuzzy method. Next step, the AHP scale

matrix is converted to triangular fuzzy number (TFN).

In this method, the respondents' value results are converted into triangular fuzzy numbers in the form (1.m.u). The

results of comparative data that are paired with AHP fuzzy method can be seen in the following table:

Table 7 Inter-Criteria Interval Assessed by 4 Respondents With Fuzzy AHP Method

Delivery Quality Price Service K3
I m u | m u I m u I m u I m u
Delivery Respondent 1 1 1 1 1 1 1 2 3 4 2 3 4 1 1 1
Respondent 2 1 1 1 19 19 1/8 18 17 1/6 1 1 1 16 15 Y
Respondent 3 1 1 1 19 18 17 1/9 1/9 18 7 8 9 19 18 17
Repondent 4 1 1 1 16 15 1/4 1/6 15 14 2 3 4 16 15 Y
Quality Respondent 1 1 1 1 1 1 1 2 3 4 2 3 4 2 3 4
Respondent 2 8 9 9 1 1 1 6 7 8 6 7 8 6 7 8
Respondent 3 7 8 9 1 1 1 19 19 1/8 7 8 9 19 1/9 1/8
Respondent 4 4 5 6 1 1 1 1 1 1 4 5 6 1 1 1
Price Respondent 1 4 13 12 14 13 12 1 1 1 2 3 4 1 1 1
Respondent 2 4 5 6 18 17 1/6 1 1 1 16 15 1/4 16 155 1/4
Respondent 3 8 9 9 8 9 9 1 1 1 8 9 9 19 1/8 1/7
Respondent 4 4 5 6 1 1 1 1 1 1 2 3 4 1 1 1
Service Respondent 1 4 13 12 U4 13 12 14 13 12 1 1 1 1 1 1
Respondent 2 4 5 6 18 17 1/6 4 5 6 1 1 1 4 5 6
Respondent 3 19 18 17 18 17 16 1/9 18 17 1 1 1 19 18 1/7
Respondent 4 2/ U3 U4 14 15 1/6 12 13 14 1 1 1 7/ 18 1/9
K3 Respondent 1 1 1 1 14 13 12 1 1 1 1 1 1 1 1 1
Respondent 2 4 5 6 1 1 1 6 7 8 4 5 6 1 1 1
Respondent 3 7 8 9 7 8 9 7 8 9 7 8 9 1 1 1
Respondent 4 4 5 6 1 1 1 1 1 1 7 8 9 1 1 1
Then the average value of 4 respondents was obtained so that the pairing matrix for the main criteria
Table 8 Average Fuzzy Number
Delivery Quality Price Service K3
[ m u I m u I m u | m u | m u
Delivery 1 1 1 059 061 065 067 097 131 129 180 231 0,79 080 0,81
Quality 225 275 325 1 1 1 179 230 281 206 283 363 125 150 175
Table 8 Average Fuzzy Number
Delivery Quality Price Service K3
| m u I m u I m u | m u | m u
Price 206 283 363 135 163 194 1 1 1 125 150 1,75 1,00 1,00 1,00
Service 088 1,17 150 067 097 130 081 108 138 1 1 1 0,78 0,78 0,79
K3 1,75 2 225 081 083 088 1 1 1 250 2,75 3 1 1 1

The table above already uses a blur scale that consists of 1.m.u (lower value, middle / middle, top / bottom value

Main Weight Loss Criteria with Fuzzy AHP Methods

After the respondent’s assessment data is converted to fuzzy triangular numbers, the next step is to use synthetic
level analysis by determining the value of blur synthesis to obtain the weight vectors of each hierarchical element.
The last stage is to normalize the weight gained instead of the blur number. This weight will be the basis for

evaluating the performance of existing supplier
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Weight rating is:
a. Calculation of the value of synthetic fuzzy area (Si). The first one will be calculated}.’". ; M;i ,

by adding each fuzzy number of matrix A
Then calculate the value X7, ¥, M/

gi’
P
the value obtained [YF_, X2 | M, ]

which is

by summing the sum of each blur number on the row row So

Table 9 Components of Fuzzy Components Calculation of Equations for Matrix Comparisons Comparing
Major Criteria

m . n o m n m -1
J i .
Z My, Z Z M, Z Z M,
J=1 i=1j=1 i=1j=1
| m u | m u | m u
Delivery 4,34 5,18 6,08 30,55 36,10 41,93 0,023 0,027 0,032
Quality 8,35 10,38 12,44
Price 6,67 7,95 9,31
Service 4,13 4,99 5,98
K3 7,06 7,58 8,13

Table 10 Fuzzy Synthetic Wide Value Calculating Results for Main Criteria

-1

m n m
S = ZMéix Z ZM;i
j=

i=1j=1

| m u

0,103 0,143 0,199
0,199 0,287 0,407
0,158 0,220 0,304
0,098 0,138 0,195
0,168 0,210 0,266

OB IWIN|F-

b. From the fuzzy synthetic values calculated in the previous step, the comparison of probability levels is
obtained. After that, determine the probability level between 2 extents of synthetic fuzzy. In the appendix
can be seen a more complete calculation.

c. Comparison of Synthetic and Minimum Blanket Value.

Table 11 Comparison of Synthetic and Minimum Blanket Value

S, = S, > Sy > S, = Ss >
S, 1,0 1,0 0,94 1,0
S, 0,0004 0,61 0,24 1,0
S, 0,34 1,0 0,31 0,46
S, 1,0 1,0 1,0 1,0
Ss 0,31 1,21 1,08 0,27
Min 0,0004 1,0 0,61 0,27 0,46

After the synthetic values are blurred, then the minimum value is taken. Minimum value to get a heavy vector

d. Then we calculate the weight vectors and normalize the weight vectors so we can know the weight of the
main criteria as shown in the following table

Table 12 Vector weight
d'(A1) d'(A2) d'(A3) d'(A4) d'(A5)
w' 0,0004 1,00 0,61 0,27 0,46

Table 13 Normal vector normalization
Al A2 A3 Al A5

10
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Priority weight (W) __ 0,0001 0,427 0,260 0,115 0,196

Based on the data processing result above, the main weight weight is considered for the following criteria:

1 Delivery criteria weighs 0.001
2. quality criteria weigh 0.427
3. Price criteria weighs 0.260
4, Service criteria weighs 0.115
5. K3 criteria weighs 0.196

Weighing the criteria using the AHP fuzzy is known to highest quality criterion 0,427. Therefore, suppliers are
required to deliver material quality good. The price criteria rank second with value 0,260. This means that
respondents want to get the best price in procurement at the company. Criteria K3 kept the third rank with a value
of 0,196. This is in line with respondent knowledge of company policy in applying SMK3.the delivery criteria is
ranked fourth with a value of 0,115. Suppliers are required to deliver material within the delivery time limit.

It is interesting to see the service criteria. The value of 0,001 has a smaller value than other criteria. This suggests
that respondents rated the criterion as not top priority. However, of course, it is required that suppliers can carry
out goods supply activities with good value on other criteria.

Table 14 Results of Priority Weight Calculation for Criteria, Sub Criteria and Alternative Supplier with AHP
Fuzzy Method

No  Criteria Weight Sub Criteria Weight Sub  Vendor Priority
Criteria Criteria Weight
1 Delivery Timeliness of delivery 0,341 Vendor A 0,500
Vendor B 0
Vendor C 0,500
0,117 Accuracy of quantity of 0,290 Vendor A 0,561
goods by order Vendor B 0,179
Vendor C 0,258
History of successful 0,027 Vendor A 0,502
cooperation Vendor B 0,366
Vendor C 0,130
Flexibility in volume 0,341 Vendor A 0,609
Vendor B 0
Vendor C 0,390
2 Quality 0,337 Comepatibility with 0,467 Vendor A 0,537
specifications Vendor B 0
Vendor C 0,462

Table 14 Results of Priority Weight Calculation for Criteria, Sub Criteria and Alternative Supplier with AHP
Fuzzy Method

No  Criteria Weight Sub Criteria Weight Sub  Vendor Priority
Criteria Criteria Weight

Can replace items not 0,341 Vendor A 0,221

ordered quickly Vendor B 0,317

Vendor C 0,460

Can enter technical data 0,130 Vendor A 0,328

of ordered items Vendor B 0,314

Vendor C 0,357

provide document that 0,060 Vendor A 0,347

support the authenticity Vendor B 0,305

material Vendor C 0,347

11
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3 Price 0,230 Affordable price 0,495 Vendor A 0,745
Vendor B 0,001

Vendor C 0,253

Discount 0,366 Vendor A 0,354

Vendor B 0,290

Vendor C 0,354

Prices always remain 0,054 Vendor A 0,084

within  the validity Vendor B 0,415

period Vendor C 0,499

Term of payment 0,084 Vendor A 0,359

Vendor B 0,460

Vendor C 0,179

4 Service 0,101 Technical support 0,103 Vendor A 0,440
Vendor B 0,118

Vendor C 0,440

Table 14 Results of Priority Weight Calculation for Criteria, Sub Criteria and Alternative Supplier with AHP
Fuzzy Method

No  Criteria Weight Sub Criteria Weight Sub  Vendor Priority
Criteria Criteria Weight
Flexibility and 0,172 Vendor A 0
Responsiveness Vendor B 0,454
Vendor C 0,545
Ease to Contacts 0,149 Vendor A 0,139
Vendor B 0,395
Vendor C 0,465
Spright Warranty For 0,574 Vendor A 0,540
Item Claims Vendor B 0,459
Vendor C 0
5 K3 0,173 Compliance with K3 0,460 Vendor A 0,526
Procedures Vendor B 0,100
Vendor C 0,373
Use of Personal 0,364 Vendor A 0,492
Protective Equipment Vendor B 0,492
Vendor C 0,014
Packing of Material 0,170 Vendor A 0,291
Meets K3 & Vendor B 0,335
Environmental Vendor C 0,373
Standards
Transport Material 0,004 Vendor A 0,463
Meets K3 & Vendor B 0,453
Environment standards Vendor C 0,083
CONCLUSION

evaluating supplier performance based on selected criteria as well as each of its priorities. After analyzing priority
weighting criteria, sub criteria and supplier alternative then supplier A has the best performance with value 1,008
compared supplier B with value 0,602 and supplier C with value 0,660. it is recommended to select Supplier A
for having a good performance in the Daftar Rekanan Terundang (DRT). Supplier C can be a second option.
supplier B became last option. the performance evaluation of the supplier, make the process of procurement in PT
Krakatau Daya Listrik is effective and efficient.

12
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