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Abstract: Despite substantial financial aid from international donors for procurement of
health products, stockouts of life-saving drugs are still widespread in Africa. Addressing
the lack of research on why these stockouts occur, this paper reviews and motivates the
use of standard operations management research methods to global health procurement
challenges. Specifically, we discuss the critical levers in the relationship between an inter-
national financing organization and a grant recipient developing country and the opportuni-
ties for design enhancement leading to lower stockout levels.
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Pe3tomMe: Bbripeku 3HauutTesnHaTa (HuHaAHCOBa MoMolly OT MEXAYHapoaHU JOHOPpU 3a
CHabAsiBaHe CXXMBOTOCMNACSABALUMN JIEKAPCTBA, TE Ca BCE OLLE HEAOCTATbYHUB Adppuka. Jinncear
KOJIMYECTBEHN W3C/IEABAHUS 3@ MPUYUHUTE 38 TO3U HEAOCTUr. Tasu cTaTus pasrniexzaa v
MOTMBMPA M3MOJI3BAHETO Ha CTaHAapPTHU METOAM OT ONePaLMOHHNS MEHUAXMBHT 3@ 60p6a C
rpeau3BuKaTesICTBaTa, Nopaan CBETOBHUS HEAOCTUI Ha JIEKAPCTBA. Pasrsiexaar ce Kto4oBu
acrieKTm B OTHOLUEHMATa MEXAY pasBuBalla Ce€ AbpXaBa, KOSTO MojydyaBa (uHaHcoBa
roMoLUMN MEXAYHapoAHa (GUHAHCOBA OpraHu3auus. AHaIM3bT [10Ka3Ba Bb3MOXHOCTM 3a
rPOMEHU B TE3U B3aNMOOTHOLLIEHMS, KOUTO Aa AOBEAAT A0 M0-MaTbK HEAOCTUT.

Knro4yoBn gyMn: CBETOBHO 34paBe, /IeKapCTBa, CUMYy/nauus, yrnpaB/i€HMNE Ha 3anacute,
onepauynoHeH MEHUAXKMbHT

JEL Classification: C6, 111, 118, L89

I. Introduction

Major trends in global health in recent
years include the emergence of new fi-
nancing organizations such as The Global
Fund to Fight AIDS, Tuberculosis and Ma-
laria (Global Fund), the Global Alliance on
Vaccines and Immunizations (GAVI), the
Bill&Melinda Gates Foundation, as well as
budget increases of bilateral donors (Atun
et al. 2012).The result is a significant in-
crease of international funding for health

I. BbBeaeHue

OCHOBHUTE TeHAEHLUMN B CBETOBHOTO 34pa-
BeornasBaHe npe3 nMocCnegHuTe roAMHU
BKJ1HOYBAT NOSIBUTE HA HOBM (DMHAHCOBW Op-
raHmsaumm kato CeetoBHMSA doHA 3a 6opba
cbe CMWH, Tybepkynosa u manapus (Cee-
ToBeH ¢doHA), CBETOBHMSA anmMaHC 3a Bak-
CUHN N UMyHM3auum (GAVI), ®oHpgaumsaTa
bung§MennHga N'enTc, KakTo N yBenmM4yaBsa-
He Ha 6raxeTa OT ABYCTPaHHUTE AOHOPU
(Atun et al. 2012). B pe3ynTaT Ha ToBa ce
3abens3Ba 3HAUYMTENIHO YBeSMYaBaHE Ha
MeXAyHapoaHOTO dMHAHCUMpaHe Ha 34paB-
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programs in low-income countries (cur-
rently US $27 billion a year, Yadav et al.
2010). Yet, communicable diseases re-
main widespread in Africa: HIV/AIDS re-
mains the leading cause of adult death in
Africa with an estimated 23 million people
living with HIV at the end of 2011 and 2.5
million new infections a year; malaria and
tuberculosis combined led to over 2 mil-
lion deaths in 2011, again mostly in Africa
(United Nations 2013).

Despite the positive impact of donor fi-
nancing, stockouts of health products at
health facility (peripheral) and national
level (e.g. central warehouse) are wide-
spread in countries receiving Global Fund
financing, particularly in Africa: in a 2009
survey, 9 out of 14 surveyed African coun-
tries reported stockout of at least one type
of medicines related to Global Fund grants
within the last year, 4 reported stockouts
of two or more types, and all reported at
least one near-stockout situation. Stock-
outs lead to increased morbidity and mor-
tality for a large number of patients re-
ceiving treatment for AIDS, tuberculosis
and malaria and pose a major challenge
to public.

While the existing literature does include
rich contextual observations of stockouts,
rigorous quantitative research on their
causes is lacking. This paper summarizes
current applications of standard operations
management research methods to global
health challenges and discusses research
questions that may be useful to other re-
searchers interested in global health op-
erations.

II. Inventory Model of Funding for
Procurement

We formulate a discrete-event model,
linking the use of a stream of fundingfor
the procurement of N health products. The
inventory position of product Jj€/IL...,N] at
time t is given by 1) and demand for prod-
uct j at time t is D). A fraction »’€/0,1] of
any unmet demand for product | is lost

HM NporpaMmuM B CTpPaHWUTE C HUCKWU A0XO0AM
(B MoMeHTa US $27 mnpa. rogvwHo, Yadav
et al. 2010). Bbnpekun ToBa, 3apa3Hute 60-
JIeCcT oCTaBaT LUMPOKO Pa3npoCTpaHeHn B
Adpuka: XUB/CMNNH npogbnxaea ga 6vae
BoellaTa npuyMHa 3a CMbPTHOCT Ha Bb3-
pacTHM TaM - OKOJO 23 MWIMOHA AyLln;
xmeeewm ¢ XMB B kpasd Ha 2011 r. mn 2,5
MWINOHa@ HOBM 3apa3eHn roAMLIHO; Mana-
pusTta n TybepkynosaTa B CbYeTaHne BOAAT
A0 Hag 2 MWUIMOHA CMbPTHKU cnydas npes
2011 r., oTHOBO Han-Be4ye B Adpuka (OOH
2013).

Bbrnpekn nonoXuUTenHoOTO Bb3AENCTBME Ha
[OHOPCKOTO (MHaHCMpaHe, HeaoCTUrbTHa
nekapcTBa B 34paBHWUTe 3aBefeHus (nepu-
depHU) N Ha HAUMOHAIHO paBHULLE (Hanpu-
Mep, LeHTpasieH CKiaj) e pa3npoCcTpaHeH
B CTpaHuTe, nonyyasawm drMHaHCUpaHe oT
CBeToBHMS (hoHA, Hali-Beye B Adpuka: B
npoyusaHe oT 2009r., 9 oT 14 aHKeTMpaHu
adpuKaHCKM CTpaHW OTYMTaT HeAOCTUr Ha
Hal-Masko eanH BUA NekapcTBa, CBbp3aHu
c 6e3Bb3Me3gHM cpeacTtBa Ha CBETOBHUSA
¢doHA B paMKuTe Ha no-cnefaHaTa roauHa;
4 oTuyuTaT AMNCUTE Ha ABa WM MNoBeve
BWAA; KaKTO M BCUYKM CbobLiaBaT 3a noHe
enHa cutyaums, 6nmska Ao HepocTur. He-
AOCTUIbT BOAM A0 yBenuyaBaHe Ha 3abo-
NleBaeMoCTTa U CMbPTHOCTTa 3a roasm 6pon
nauneHTn, NoANOXEHN Ha /ledeHune cpeLly
CMNWH, Ty6epkynosa n manapus u Te nNpea-
cTaBnsBaT roasMo Npeam3BMKaTesNCTBO 3a
obLiecTBoTO.

Bbnpekn, ye B nuTepaTypaTta MMa MHOro
KOHTEKCTyaJlHM HabnwaeHns 3a HegocTura
Ha flekapcTBa, JINMCBa CEpMO3eH Kosm4yec-
TBEH aHanM3 Ha NpPUYMHUTE 3a ToBa. Ta3u
ctatna obobwasa TeKkyLMTe NPUNOXKEHUS
Ha OnepauMoOHHMNS MEHUOXMBHT B cdepaTa
Ha dMHaAHCMpaHeTOo Npu AOCTaBKUTE Ha Nne-
KapcTBa M o6Ccbxaa nscnenoBaTencCkm nNpo-
6neMn, Komto mMoraTt Aa 6baaT Nosie3Hn Ha
APy nscneposaTesnu.

II. Moanen 3a ynpaBsieHMe Ha 3anacurte
npu pMHaHCMpaHeHa cHabasBaHeTo C
JiekapcTBa

dopmMynmpame Moaen B AUCKPETHO Bpe-
Me, CBbp3Ball, MOTOK OT (hMHAHCUPAHE CbC
cHabaseaH ¢ N Ha 6pon nekapcrtsa. Ha-
NMYHOCTTa Ha nekapctso J€/L...N] B Mo-
MeHT OT BpeMe t e o6o3HayeHa c |} n Tbp-
CEHETO Ha NeKapcTBO j B Tos MOMeHT ¢ D/.
YacT, o3HauyeHa c p’€[0,1], ot He3anoBo-
NIEHOTO TbpCeHe Ha JIeKapCTBO j ce rybu u
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with a fraction 1-»’ of unmet demand be-
ing backlogged.

Disbursement at time tis F, the maximum
amount to be used for placing a procure-
ment order at that time. Let Otj be the
amount of product j ordered at time t at
unit price ptl', which leads to an inventory
replenishment at time t+ItJ', following a pro-
curement lead time of |J.

Having defined the above notation, the in-
ventory system is completely specified by
the following set of equations:

Replenishment Quantities:
HdoctaBeHn KonunyecTea:
Inventory Dynamics:
HannyHocTHa AnHamuka:

Budget Constraint:
®OuHaHcoBM OrpaHUYeHns:

Equation (1) states that the amount de-
livered at t is the sum of all orders at
some earlier time r, which have procure-
ment lead time of. The inventory dynamics
equation (2) combines: the inventory po-
sition J/- P/ if all demand is backlogged;
the lost demand p’ (th-[t')Jr if there is a
stock out; the inventory replenishment
amount R/. Finally, the budget constraint
(3) ensures that the total funds used for
placing procurement orders are always
less than (or equal to) the total disburse-
ment amount up to that time.

The problem is to choose all order quan-
tities {0,} ™" >0 to minimize the costs
over the horll;on from time 1 to T. The unit
stockout and holding costs of product j are

siand hl, respectively.

R{=§01j where 7 s.t. T+li=t
. . . I . .\ .
L.-I- Di+p’ (DI-E)+R!

X0!p|<ZF.

cnepoBaTenHo I-p’ yactta oT Hero ce 3a-
nasBea 3a 6baeuleTo.

®duHaHCcMpaHeTO B MOMeHTa Ha BpeMme t e
F., KOeTo e 1 ropHa rpaHuua Ha MHBECTU-
uMMTE B JleKapCcTBa B TO3M MOMeHT. Heka
Otl' € KO/IMYeCcTBOTO OT JIeKapCTBO j MOpb-
4aHO B MOMeHTa C LieHa p/ 3a 6poiika. Tasm
nopbuka ce agoctasa B t+l] momeHTa Ha
BpeMe, C BpeMme 3a AocTaBska |/.

C Taka geduvHMpaHUTE CTOMHOCTWU, MoAe-
NbT 3@ ynpaBfieHMe Ha 3anacuTe OT Jiekap-
CTBa € Hanb/IHO onpeaeneH OT cregHuTe
ypaBHEHUS:

€
&)

3

for every t

YpaBHeHue (1) rnacm, 4ye AOCTAaBEHOTO KO-
NNMYecTBO B MOMeHTa Ha BpeMeTo t e cyMma
Ha BCUMYKM MOPBYKN OT NpPeauLlHN Bpeme-
Ha, KOUTO MMAT BPEME Ha U3MNbJIHEHWE Ha
3as8BKaTta paBHO Ha t-r. HannyHocTHaTa
AVHaMuKa, ypaBHeHue (2), KOMbuHupa:
HanuuHocTTa J/- P! ako usnoto Tbp-
ceHe ce 3anassa; 3arybeHoTo TbpceHe e
p (Dt It aKoO MMa HefocTur; AocTaBe-
HOTO KonuyecTso e RJ. Hakpas, duHaHco-
BOTO OorpaHuyeHue (3) rapaHTupa, 4ye na-
puTe, M3MON3BaHM 3@ MOPBYKMU Ca BUHArM
no-masnko (UM paBHM) Ha NOJYYEHOTO A0
MoOMeHTa MHaHCKMpaHe.

3ajauata e Aa ce mopwuar KoM4ecTsa
{Ot}j e >0, KOUTO Aa MUHWMM3MUpaT
3,qpaB|;'i;|Te pa3xoau BbB Bpeme oT 1 go T.
EAVHWYHMTE pa3xoau NMpU HEAOCTUT U CbX-
paHeHWe Ha N1eKapcTBO j ca CbOTBETHO S

nhi.

Min ., Ep 2( (0:- 1) 11~ D))

Subject to (1), (2) and (3).

I11. Literature Review

There are six key dimensions in this mod-
el: products, demand, funding, prices, lost

Mpeasua ypasHeHus (1), (2) u (3).

III1. JiutepaTypeH npernen

Taka aedUHUPaHUAT MOAEeN UMa LWecT oc-
HOBHM acnekTa: NpoAyKTWU, TbpCeHe, hu-
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sales and procurement lead times. The ta-
ble below summarizes the current research

HaHCcupaHe, ueHu, 3arybeHn npoaaxoéu u
BpeMe 3a AocTaBka. TabnvuaTta no-gony

obobwaBa wu3cneaBaHusATa A0 MOMEHTQ,
nonagawmn B TO03M 06W Moaen, Knacudpu-
LMpaHKM Mo Te3W WeCT acneKkTa:

fitting this general model classified along
the six dimensions:

Table 1. Literature review by key dimensions
Ta6bnuua 1. JlintepaTtypeH npernea no acrnekTtm

Number of Demand Funding Prices Lost Sales Procurement
products N D/ F, p/) P Lead Time
i
It

Gallien et al. )

N=1 Constant Fixed p=1 Empirical
2015 t
Natarajan &
Swaminathan N=1 Random Fixed p'=0 None
2014
Taylor & Xiao

N=1 Random Endogenous None None
2015
Downs et al. J ;

N Random ZOt <F Fixed p=1 Fixed
J
Janakiraman et 20/ F. ;
= i J=

al. 2010 N Random - t t Fixed p'=0 None
Rashkova & Gal- J _ )
. N Random 20, -F Fixed P Random
lien 2015 J

Gallien et al. 2015 is the only empirical
work on the model defined, studying the
relationship between national stockout
risks for health products purchased with
Global Fund grants in Africa and the pro-
cess used by the Global Fund for perfor-
mance monitoring and procurement fund
disbursements. Specifically, they lever-
age publicly available historical fund dis-
bursement and drug procurement data for
the Global Fund grants in Africa between
2002 and 2013 to build a discrete-event
inventory simulation model predicting the
joint impact of procurement and grant
disbursement processes on national drug
availability of a single medicine in recipi-
ent countries. All funding is immediately
committed for a procurement order of a
single product, making the ordering deci-
sion trivial.

Instead, the focus of this work is to build
and validate the predictive accuracy of
the stylized model against cumulative
stockouts inferred from historical grant
implementation lengths, the primary out-
put measure of interest. These validation
results then justify the use of this model
to evaluate potential high-level modifica-

Gallien et al. 2015 e eanHcTBeHaTa eM-
nMpMYHa CTaTuUs 3a Bpb3KaTa Mexay Ha-
LMOHaNHNTE PUCKOBE 3@ HefOCTUr Ha fe-
KapCcTBa, 3aKyrneHu C dUHaAHCMpaHe OT
CeeToBHMA doHA B Adpuka n npouecute,
n3non3BaHu ot CBeTOBHUS OHA 3a MOHU-
TOPWHI Npu ycBosiBaHe N hUHaAHCMpaHe Ha
nopbykn. ABTOpUTE M3Mnonssat nybanyHO
OOCTbMHM AaHHM 3a PMHAHCOBM TpaHcdhe-
PV M NOPBYKM Ha sieKapcTBa CbC CpeAcTBa
Ha CBetoBHus doHa B Adpuka ot 2002r.
0o 2013 r. Te nsrpaxagaTt v cumMynupaTt Mo-
AeN Ha yrnpasieHue Ha 3anacuTe, npea-
CKasBal, CbBMECTHOTO Bb3AENCTBME Ha
nopbykoBuTe M (HOUHAHCOBUTE TMpoLecu
BbpXY HaUMOHanHaTa HaJIMYHOCT Ha eaun-
HMYHO NEKapCTBO B CTpaHuTenonydartesn-
Kn. ®MHaHCMpaHEeTO BeagHara ce M3non3ea
3a HabaBsiHe Ha /1eKapCTBOTO, Taka 4ye pe-
LUEHNETO 3a NOpbYKa € TpnBMasiHO.

BmecTo TOBa, LenTa Ha cTaTusiTa € Aa ms-
rpagvM v yTBbPAM nNpeaBuMaAMMa TOYHOCT
Ha CTWAM3MpaH MoAeN MO OTHOLIEeHWe Ha
06LWMA HEeJOCTUI Ha NeKapcTBa, NosyyeH
OT 3aKbCHEHWSITA Mpu yCBOsIBaHE Ha du-
HaHCcMpaHeTo. Te3n pe3ynTaTu onpaBaa-
BaT M3MON3BAHETO Ha MoAena 3a OueHKa
Ha NoTeHUManHUTe MoaAndUKaUNN Ha NpPo-
uecute Ha (uHaHCMpaHe M MopbykKu. Pe-
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tions of disbursement or procurement pro-
cesses, and develop related policy recom-
mendations. Results show the existence of
substantial intrinsic stockout risks in many
countries, due to the unpredictability of
fund disbursements and the frequency of
grant performance monitoring performed
by the Global Fund. Interventions increas-
ing fund disbursement levels to protect
against disbursement timing uncertainty
are predicted to be more effective than
others that include regional buffer stocks
and bridge financing.

The same finding - receiving funding early
and avoiding funding delays are crucial
for managing health costs — is also de-
rived in the theoretical work of Natarajan
and Swaminathan, 2015. While they also
model a single product, their model is less
constrained since the funding constraint
has the more relaxed form (3). Hence, the
ordering decision could be one where not
all funds are used straight away. Assum-
ing all demand is backlogged, they show
that the optimal replenishment policy is
state-independent and that the benefits of
fund front-loading are nonmonotone in the
funding level.

Both papers do not model the product
price and implicitly assume that demand
and funding are independent. In certain
cases, particularly when the product is
distributed through the private channel,
theprice is set endogenously and affects
the affordability of the product and hence
demand. Taylor and Xiao, 2015 study the
problem of subsidizing the private distribu-
tion channel in order to increase demand
and reduce health costs. Their focus is on
designing the optimal subsidy, without an
explicit budget constraint, in a single-peri-
od problem. They show that for long shelf
life products (e.g., ACTs typically), donors
should only offer a purchase subsidy, while
for short shelf life products, it is optimal to
offer a sales subsidy (in addition to a pur-
chase subsidy) if and only if the customer
heterogeneity and the donor’s budget are
sufficiently large.

Within the inventory management re-
source-constrained literature, there are
two types of models: retail models, whose

3ynTaTuTe NokasBaT 3HAUYUTENIeH HeaoCTUr
Ha JlekapcTBa B MHOr0 CTpaHuW, rnopaau
HenpeacKasyeMocTTa Ha GUHAHCOBUTE
TpaHcdhepu, KakTo M YyectoTaTa Ha MOHU-
TOPUHI OT CcTpaHa Ha CBEeTOBHUSA GOHA.
NHTEepBEHUMUTE, KOWUTO YBENIMYaBaT HU-
BOTO Ha (PMHAHCMpaHe 3a 3alMTa CpeLly
HEeCMrypHoCTTa Nno BpeMe Ha TpeHcdepa ce
oyakBa fa 6baaT Mno-edeKTUBHU, OTKOI-
KOTO APYrX, KOWUTO BKJIOYBAT PErMOHANHM
3anacu u BPEMEHHU 3aeMu.

CblUMAT U3BOA - PAHHOTO UHAHCUPAHE n
n36sireaHe Ha (PUHaAHCOBUTE 3aKbCHEHMS
ca oT peluaBaljo 3Ha4yeHne 3a HamasisiBa-
He Ha 34paBHUTE pasxoau - € MOJIYUYEH U
B TeopeTuyHaTa pabora Ha Natarajan wu
Swaminathan, 2015. Makap 4e Te CbwWO
pasrnexaaTt e4HO NeKapCcTBO, TEXHUAT MO-
A€ € MO-MaaKo OorpaHuymnTeneH, Tbi KaTo
(dWHaAHCMpaHEeTO e MOo-rbBKaBo, CbrlaCHO
ypaBHeHue oT Buaa (3). CnepoBaTesnHo,
HEe BCMUYKW CpPeAcTBa HenpemMeHHo ce U3-
nonseaTt BegHara. lNpuemanku, 4ye uUsn0-
TO TbpCeHe ce 3anasBa, Te nokassaT, 4e
ONTUMANHOTO KOMMYECTBO 3a MOpbYKa He
3aBUCK OT HANIMYHOCTTA U 4Ye nonsuvte oT
no-paHHuTe GUHAHCOBM TpaHCchepn He ca
MOHOTOHHM CMAPSIMO HUBOTO Ha (PUMHaHCU-
paHe.

N nBeTe cTaTun npuemaT uLeHaTa 3a Aa-
[EHOCT, Taka 4Ye TbpCEHEeTo U (UHAHCU-
paHeTo ca He3aBUCUMU. B HAKoOM cryyawm,
0cobeHOo, KoraTo MpoAyKTbT Ce pa3npoc-
TpaHsBa 4pe3 4YacCTHUS CeKTop, LeHaTa
ce onpegens OT MNasapa M AOCTbMHOCTTa
3acsira TbpCeHeTo Ha npoaykTa. Taylor
and Xiao, 2015 pasrnexaaTt npobnema 3a
cybcmampaHe Ha 4YacCTHUS CeKTop, 3a Ja
Ce YyBENMYM TbPCEHETO M Aa ce HamansaT
pa3xoauTe 3a 34paBeonasBaHe. TexHUST
doKkycC e BbpXy pa3paboTBaHeETO Ha OMNTU-
ManHa cybcuanaTa, 6e3 nspunyHo broaxeT-
HO OorpaHn4yeHune, B KOHKpeETeEH MOMEHT BbB
BpeMeTo. Te nokasBaT, ye 3a JiekapcTBa C
ObNbr CPOK Ha rogHocTt (Hanpumep, ACTs
3a Manapwus), goHopute TpsibBa Aa npea-
naraTt camo cybcmams 3a NoKyrka, AOKaTo
3@ NPOAYKTU C KpaTbK CPOK Ha FOAHOCT €
onTUManHO Aa ce Mpeanoxu cybcnams u
3a npogaxba (B AonbsiHEHWE KbM cybcum-
AVsTa 3a NOKYrkKa), caMo akKo pa3Hopoa-
HOCTTa MeXxay nauueHTuTe M 6roaxeTa Ha
AapuTens ca A0CTaTb4yHO roNeMMU.

B nuTepaTypaTta 3a yrnpaB/ieHWe Ha 3ana-
CW C OrpaHWYeHu pecypcu, uma [Ba Buaa
mMoAenu: Moaenu 3a npoaaxba, uMMTO
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constraints restrict how much inventory
can be managed (e.g., floor space con-
straints); and production models, whose
constraints restrict how much inven-
tory can be produced. In the first group,
Downs et al. (2001) present the only re-
source constrained multi-product multi-
period model with lost sales. They use a
nonparametric approach to model demand
randomness and propose an inventory
allocation based on solving a linear pro-
gram. Hence, their base-stock policy does
not exhibit attractive theoretical proper-
ties and does not explicitly trade-off the
multiple products. Furthermore, it is not
straightforward to adapt their approach
to our problem: our budget constraint is
analogous to a production constraint, fit-
ting the second group of models.

In the second group of models, unsatisfied
demand is always backlogged. The papers
closest to the framework presented, in a
traditional inventory management setting
with a holding cost, are DeCroix and Arre-
ola-Risa (1998) and Aviv and Federgruen
(2001). DeCroix and Arreola-Risa (1998)
propose a heuristic based on adjusting the
infinite-horizon unconstrained base-stock
levels to ensure feasibility. Their heuristic
is also a generalization of the optimal pol-
icy in the case of identical products. Aviv
and Federgruen (2001) propose a differ-
ent heuristic based on relaxing the indi-
vidual constraint of positive order quantity
for each product with an aggregate con-
straint for a positive total order quantity.
Their heuristic is computational and can-
not be directly extended to the case of no
holding costs h1=0.

In a different work, Rashkova & Gallien,
2015 consider the product-specific patient
behavior in case of insufficient inventory
at a public sector facility allowing for: pa-
tients in critical condition leaving the pub-
lic sector — lost sales; patients accessing
a private sector outlet — substituted sales.
Hence, their model allows for a mix of lost
sales and backlogging, a general, as well as
random demand and delivery lead times.
Motivated by their use in multi-armed ban-
dit problems, they derive product-specific
index functions for the dynamic inventory
budget allocation problem. The attractive-

OrpaHMYeHunsl ca KOJIKO CTOKa MOXe Aa ce
CbXpaHsiBa (Hanp. orpaHuM4YyeHue B MpocC-
TPaHCTBOTO); WU MPOU3BOACTBEHN MOAENMN,
UMUTO OrpaHMYEHUNS Ca KOJIKO CTOKa MOXe
Aa ce npousBexpa. B nbpeata rpyna,
Downs et al. (2001) npeacTtaBs eguHCTBE-
HUAT MOAEN Ha MHOIO NPOAYKTU CbC 3aryba
Ha He3aJ0BONIEHOTO TbpceHe. Te M3Non3-
BaT HenapameTpuyeH NoAxoa 3a MoAaesnn-
paHe Ha C/ly4alHOTO TbpCeHe M npeanarat
pa3snpejeneHne Ha Kosm4yecTBaTa Ha 6a-
3aTa Ha pellaBaHe Ha JIMHElMHa nporpa-
mMa. CrnenoBaTeniHO, TsAXHaTa Mnpenopbka
3a MopbyBaHe A0 ONpeAesieHO HMBO HAMa
TEOpPEeTUYHN CBOMCTBA W He CpaBHSIBa MHO-
robponHnTE NPOAYKTU MO UMHTYUTUBEH Ha-
UmH. OCBeH ToBa, TEXHUAT NOAXOA He ce
ajanTmpa NecHO KbM Hawwua npobnem:
HaweTo 6I0AXKETHO OrpaHNuYeHne e aHano-
MMYHO Ha MNPOM3BOACTBEHO OrpaHu4yeHue,
KaKTo € Npu BTopaTa rpyna Moaenu.

BbB BTOpaTa rpyna mMoaenu, HesagosoJse-
HOTO TbpCeHe BMHaru ce 3anassa. Cratu-
nTe Han-6NM3KM A0 HaWKMs Moaen ca Tesu
Ha Decroix n Arreola-Risa (1998) n Aviv u
Federgruen (2001). Decroix n Arreola-Risa
(1998) npegnarat npubnuxeHune, 6basmpa-
HO Ha ajganTaums Ha (PUHaHCOBO Heorpa-
HMYEHO OMTUMAJSIHO KOJIMYECTBO MOPbUKMK
c 6e3kpaeH BpeMeBUM XOPU3OHT. TAXHOTO
npubnmxeHme cbwo e oboblieHne Ha on-
TUMasnHaTa nopbyka B C/lyyas Ha efHak-
BM npoaykTtu. Aviv n Federgruen (2001)
npeasarat pasndyHo npubnumxenue, 6a-
3MpaHO Ha 3aMsiHa Ha WHAWBMAYANTHOTO
OorpaHuM4yeHune 3a rnopbyka Ha MONOXUTEN-
HO KOJINYECTBO OT BCEKM MPOAYKT C 06L0
OrpaHuM4yeHne 3a MONOXKUTESTHO 06O KO-
JINYECTBO Ha nopbykaTa. TAXHOTO NpMbIn-
XKEHUE e N3UNCNTENHO N He MOXe Aa 6bae
OVPEKTHO MPUIOXKEHO B Clyyas C Hy/feBa

LleHa 3a cbxpaHeHune hi=0.

B apyra ctatus, Rashkova & Gallien, 2015
pasrnexaaTt MnoBeAeHMETO Ha KOHKpeTeH
naumeHT B C/lydall Ha HefoCTUr: nauu-
€HTU B KPUTUYHO CbCTOSIHWME, Hamnyckaliu
ny6ndHMS cekTop - 3arybeHo TbpCeHe;
nauMeHT C AOCTbMN A0 YaCTHWUS CEKTOp —
3aMeCcTeHO TbpcCeHe. ABTOpUTE m3BexXAaaT
cneunduryHa MHAEKC GYHKUMA 3a Bce-
KW MNpPOAYKT 3a AMHaMU4YHMA npobnem cC
pasnpegeneHneTto Ha 6roaxeTa. lMpusne-
KaTeNHOCTTa Ha BcCsika Gpolika OT BCeKM
NpoAYKT Ce onpeaesns KaTto ce M3non3ea
CbOTBETHa MHAEKC DYHKUMSA, KbAETO BCS-
Ka AOMb/HUTENHA eAnHMLa OT AAAEH Mpo-

71



Iva Rashkova

ness of each product is determined using
an index function where each additional
unit of a product exhibits decreasing mar-
ginal attractiveness. Accounting for cur-
rent inventory levels, the fund allocation
decision selects the units with the highest
indices among all products until the overall
budget is exhausted.

They show that using the proposed index
functions is optimal in multiple special cas-
es of the problem and is also asymptotical-
ly optimal in a number of regimes. Numer-
ically, following the index policy typically
leads to a cost within 5% of optimality and
vastly outperforms other policies proposed
in the literature such as a base-stock, my-
opic or constant order quantity policies.

IV. Discussion

Pricing

In the literature discussed, the per-peri-
od disbursement amount is expressed in
units of time coverage of demand. While
the pricing of medicines is not modelled
explicitly, the per-unit price of each medi-
cine indirectly affects the disbursement
amount as higher prices lead to lower time
coverage of demand for the same mon-
etary disbursement amount and the same
level of patients in need. Therefore, one
way for a donor such as the Global Fund
to ensure its limited funding reaches the
highest number of patients is by reducing
the prices paid by grant recipients. At pre-
sent, donors focus their efforts on ensur-
ing the prices paid by grant recipients are
the lowest available. A more proactive ap-
proach, where the donor devises policies
stimulating competition among suppliers,
without directly affecting their operations,
would decrease prices and increase the
number of patients receiving the medicine.

In fact, the current policy whereby the
grant recipient purchases medicines from
the cheapest supplier hinders competition
and encourages a single supplier with low
prices. Even though this market situation
might lead to low prices, it is problematic
from a capacity standpoint. A single sup-
plier is unlikely to have enough capacity
to procure large amount of medicines with
low procurement lead times, especially

AYKT HaMmansea MpuBEKaTENHOCTTa My.
PeweHneTo 3a pasnpeaeneHne Ha cpea-
cTBaTa u3bupa eanHUUUTE C Hal-BUCOKMU
WHAEKCK, B3eMalku npeaBua TekyllaTa
HaNMYHOCT, U HaW-NpuBneKaTenHUTe ean-
HULUM OT NPOAYKTUTE Ce MopbyBaT AOKATO
obLWmAT 6roaXeT ce u3depnu.

OkasBa ce, 4Ye M3N0A3BaHETO Ha npeano-
XKEHUTEe MHAEKC (QYHKUMM € ONTMManHO B
MHOXEeCTBO ChneunanHu cnyyYyam Ha npo-
6nemMa 1 e acCUMNTOTMYHO OMTUMAJSIHO B pe-
Avua pexuMn. YncneHHo, cnegBaHeTo Ha
nHaekc yHKUunTe 06MKHOBEHO BOAM 40
06K pasxoam B paMmkuTe Ha 5% oT onTu-
MaJIHUTE N 3HAYUTENHO NPEBB3XO0XAA APY-
MM NOAWTUKK Ha MNopbYka, KaTo MOpbYKa
00 DUKCMPAHO HUBO, KOHCTAHTHa WAW wUr-
Hopupala 6baewo puHaHcnpaHe.

1V. Discussion

LjeHoobpa3yBaHe

B auckyTupaHaTta nutepaTypaTa, PuHaH-
COBUST TpaHcdep e M3paseH B eauH mumn
BpeMe 3a 3a[0BOJIIBaHE Ha TbpPCEHETO.
JokaTo ueHoobpa3lyBaHeTO Ha siekapcTBa-
Ta He ce pasrnexga sIBHO, eAMHM4YHaTa
LleHa Ha BCSIKO /leKapCTBO 3acsira pasMmepa
Ha NalaHuaTa: No-BUCOKUTE LIEHN BOAAT
[0 HaMansiBaHe BpeMeBaTa A0OCTaTb4YHOCT
Ha TpaHcdepa npu egHa M Cblla cymMa u
HMBO Ha TbpceHe. ETo 3allo, AOHOP KaTo
CBeToBHMSA (OHA rapaHTMpa Hak-ronsm
6polt 3a40BOIEHN MaUMEHTU C onpeaene-
HOTO PMHAHCMpaHe KaTo M3MUCKBA LeHUTe,
naaTteHn oT nonydyatenute Ha pUHaHCUpa-
He Aa ca Bb3MOXHO HaM-HUCKN. B MOMeH-
Ta AOHOPUTE CbCpeaoTo4YBaT yCUNMATa CU
BbpXY OCUTYPSABAHETO Ha HA-HUCKW LIEHN.
EanH no-akTuMBeEH noaxod 6wu ctumynupan
KOHKYpeHUMaTa Mexay AOCTaBuYMuMTE Ha
nexkapcTtBa, 6e3 ga BAMsie AMPEKTHO Bbp-
Xy LENHOCTTa UM, HaMansBamku LEeHUTe 1
yBennuaBaliku 6pos Ha yAOB/IETBOPEHUTE
nauueHTH.

BcbwHoOCT, cerawHata nonuTtuka, npwu
KOATO Mony4yaTenaT Ha (UHAHCUpaHe Ky-
nyBa JsiekapcTBaTa OT Hal-eBTUHWUS [0C-
TaBUMK, OrpaHu4yaBa KOHKypeHuuaTa W
HacbpyaBa eANH-eAMHCTBEH AOCTaBUYMK Ha
HUCKN LeHW. Bbnpekun, ye Tasm nasapHa
CUTyaumsi MoXe AeWCTBMTENIHO Aa AoBeje
[0 HUCKM LeHK, T e npob-nemMaTnyHa oT
rnegHa TOYKa Ha NMpoOM3BOACTBEHMS Kana-
unTeT. EAMHCTBEH AOCTAaBYMK € Manko Be-
POSITHO Aa MMa AOCTaTbYyHO KanauuTeT, 3a
Aa cHabasiBa € ronsiMo KOMYEeCTBO JieKap-
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when procurement orders arrive at ran-
dom points in time. Therefore, the Global
Fund would benefit from revising its pro-
curement policies to encourage market
competition and capacity building. A de-
tailed model of the market interaction be-
tween the donor, the grant recipients and
the suppliers is needed to address the
need for low prices as well as sufficient ca-
pacity. Such a model would allow for de-
pendencies between the prices ptj and the
procurement lead times Itj. Another impor-
tant consideration in this setting is the po-
tential uncertainty of prices over time - ptj
need not be constant over time, a fact ig-
nored by all papers cited.

Funding Coordination

One stockout mitigation strategy is the
coordination between multiple funding
streams. While funding from the Global
Fund does tend to be dominant in recipi-
ent countries for the procurement of prod-
ucts associated with Malaria, Tuberculosis
and HIV, for many other health-related fi-
nancial needs, multiple sources of funding
are often used simultaneously. Costly ex-
change of one funding stream for another
would make funding substitution economi-
cally unfeasible and funding accountability
most transparent. Free substitution among
funding flows, on the other hand, would
give more freedom to the grant recipient,
whereby instead of having a trivial order-
ing decision as in Gallien et al 2015, they
would face the more complex problem of
resource allocation. While flexible resource
allocation provides the opportunity to sub-
stitute funding streams and treat more
patients, it requires grant recipients to
take more quantitative decisions. Hence,
donors needs to work towards finding
the right balance between flexibility and
control and design an optimal funding
strategy across multiple funding streams
(Kraiselburd and Yadav, 2011).

At a broader level, the relationship aris-
ing between an external donor such as the
Global Fund and a recipient country in the
context of performance-based funding is
also a worthy object of study. A microe-
conomic model could shed some light on
the optimal contractual form between do-
nor and recipient, where the depth or fre-

CTBa B KpaTbK CpoK, ocobeHO korato no-
pPbUYKUTE NPUCTUrAT B MPOU3BOJSIHN MOMEH-
1. CnepoBaTeniHo, CBETOBHUAT (poHA 6um
MMasn rnonsa oT HaCbpyaBaHe KOHKYpPEeHLUU-
STa Ha Nasapa 1 u3rpaxaaHe Ha AOMb/AHU-
TeneH kanauuntet. Heobxoanm e nogpobeH
MoAen Ha B3auMOoAeNCTBMETO Mexay AOHO-
pa, nonyyatenuTte Ha PMHaHCMpaHe N 4oc-
TaBuMUMTE, 3a Aa Cce KOMObUHMpa HyXaaTa
OT HUCKM LEHW C AOCTAaTbYEH KanauuTeT.
TakbB MoZen ulle AaAe Bb3MOXHOCT 3a 3a-
BMCMMOCTM MeXAY LeHUTe ptj M BpEMETO 3a
[O0CTaBKa Itl'. Opyro BaxxHO CcbobpaxkeHue
€ HECUTYPHOCTTA Ha LUEHUTE B TEYEHUE Ha
BpPEMETO - ptj MOXe Aa Bapupa 3Ha4YUTesTHO
BbB BpeMeBM AnanasoH — akTop, UrHo-
puypaH OT BCUYKM LUUTUPAHU CTaTUN.

KoopanHauuns Ha ¢pmHaHCMpaHeTo

EAHa OT cTpaTermmTte 3a CMeK4yaBaHe Ha
HeaoCTMra Ha siekapcTBa € KoopAnHaums-
Ta Mexay pasfiMyHM NoTouM Ha PUHaAHCK-
paHe. [lokaTo pnHaHcmpaHe oT CBETOBHUS
doHA 3a MeauKaMeHTH, CBbp3aHu C Mana-
pusi, Tybepkynosa n XMB, npeobnagaea, 3a
Apyrn 60nectm uMa pas’iMyHM N3TOYHULMN,
KOWTO 4eCcTO ce M3MNon3BaT eAHOBpPEMEH-
HO. AKO OBMeHBT Ha eauH MOoTOoK OT du-
HaHCMpaHe C Apyr e TpyAeH, TOBa Mnpasu
3aMsiHaTa Ha PMHAHCMPpaHe NKOHOMUYECKN
HEBb3MOXHa W UHAHCOBATa OTYETHOCT
npospayHa. OT Apyra crtpaHa, JfecHarta
npomsiHa Ha bnHaHCKMpaHe BOAWN A0 NO-ro-
nama ceobopa Ha mosyyaTtens, nNpum Koe-
TO BMECTO MNOpPbYBAHOTO KOSIMYECTBO Aa
e TpuBManHo, KakTo ce TBbpan B Gallien
et al. 2015, nonyyatenute ce u3npaBaT
npea no-cnoxHus npobnem 3a pasnpe-
AeneHve Ha pecypcuTte. [JoKaTO MbBKaBO
pasnpejeneHue Ha pecypcuTe NnpeaoctaBs
Bb3MOXHOCT 3a 3aMsHa Ha duHaHCMpaHe
N nedyeHne Ha rnoseye naumeHTn, To CbLLO
M3UCKBa MofnyyaTtenuTe ga B3emaT noBeye
KonmMyecTBeHn pelweHnsa. CneposaTesiHo,
OOHOpbLT TpsbBa Aa paboTtum 3a Hamumpa-
He Ha TouyHusa 6anaHc Mexay MBKABOCT U
KOHTpPO/ U Aa n3pabotBa onTuMasiHa cTpa-
Terns 3a duHaHCUMpaHe 4Ype3 MHOXeCTBO
notouu (Kraiselburd and Yadav 2011).

B MoO-WMpPOK CMUCBLA, [AOroBOpPHUTE OT-
HOlWeHUsATa Mexay GOUHAHCOB AOHOp M
ObpXXaBa-nosiyyaTes CbllO0 Ca MHTepeceH
06€eKT Ha nscneaBaHe. EANH MUKPOUKOHO-
MUYECKN MOJEsS MOXEe Aa XBbp/siM NnoBeye
CBET/IMHA BbpPXY ONTUMAsTHUTE UM OTHOLLE-
HUA. ObnbouymMHaTa M 4dectoTaTa Ha OAuT,
M3MUCKBaHM OT [IOHOpa 3@ HaMasisgBaHe Ha
MHdOpPMaUMOHHaTa acMMeTpust C nosyda-
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quency of auditing required by the donor
to reduce the information asymmetry with
the recipient country is an endogenous de-
cision.

Private Sector Subsidies

Health products in developing countries are
distributed both through a government-
run system (public sector) and through
a private-sector distribution channel. The
Global Fund was created to improve drug
availability in the public sector for low-to
medium-income countries by subsidiz-
ing their country-owned programs. Oth-
er international donors (e.g. the World
Bank, the Clinton Health Access Initia-
tive) have also intervened to improve ac-
cess to health products in poor countries.
While the Global Fund has primarily been
devoted to subsidizing the public sector,
some of the other donors have recognized
the important role of the private sector in
reaching populations falling short of ac-
cess to government-run facilities (Bus-
treo et al 2003). In some countries, as
much as 70% of the population accesses
health products through the private sec-
tor, the reasons including large distance to
the nearest public sector facility (in rural
regions) and long waiting times. The pri-
vate sector is the only channel for these
segments of the population to obtain the
needed drug. In fact, private distribution
channels have been remarkably successful
in distributing goods such as soft drinks in
poor and rural areas.

Recently, the Global Fund also started sub-
sidizing the private sector in a few coun-
tries by its Affordable Medicines Facility-
malaria (AMFmM) scheme. This scheme is
effectively providing a purchase subsidy
under which the Global Fund pays a fixed
amount to a private sector provider for
each unit of the product it procures. Thus,
it reduces the cost of each unit to the pro-
vider leading to an increase in the quantity
procured. Combining the long-term grants
to a country with the purchase subsidies
of the AMFm, the Global Fund is improving
drug availability by subsidizing both chan-
nels in a country: the funds from donors
benefit larger fraction of the population.
However, the Global Fund’s influence is
also limited by the funds pledged from do-

Tens, 6u Tpsabeano ga ce onpeaens onTu-
MaJsiHo.

Cy6cmu/m 3a YaCTHUSA CEKTOP

JlekapcTBaTa B pa3BMBaLLUTE Ce CTpaHu ca
pa3npoCTpaHaBaT KaKTO 4ype3 Abp)KaBHa-
Ta cucteMa (B NnybnMYHMSA CEKTOp), Taka u
ypes3 yacTHUs cektop. CBETOBHUAT POHA e
Cb34aAeH, 3a Aa ce nogobpu HanM4YHOCTTa
Ha NekapcTBa B AbpXXaBHUSA CEKTOp 4pes
cybcngmpaHe Ha Nporpamm B CTpPaHU C HU-
CKW U cpeaHn goxoan. pyrmn mexayHapoa-
HM aoHopu (Hanpumep CBeToBHaTa H6aHkKa,
nnu Clinton Health Access Initiative) cbLio
Ce HaMmecBaT, 3a Aa ce nogobpu AOCTbMbT
[0 nekapctBa B 6eaHuTe cTpaHu. [lokaTo
CBeTOBHMAT (POHA e oTaadeH npeamMHO
Ha cybcuanpaHe Ha nybanyHMS cekTop, TO
APYrv AOHOPW NMpU3HaBaT BaXkHaTa posis Ha
YaCTHMS CeKTop 3a nauueHTuTe 6e3 aoc-
TbN A0 AbpXxaBHUSA cekTop (Bustreo et al.
2003). B Hakon abpxasu, 4o 70% OT Ha-
CeneHneTo uMa AoCTbN A0 JlekapCcTBa caMo
ype3 4YacTHUS CeKTop, nopaau roasiMoTo
pascTtosHuMe A0 Han-6nmskata 6onHuua
(B cenckute pamioHn) n abAruTe nepmoam
Ha M34yakBaHe. YacCTHUSAT CEKTop € eauH-
CTBEHMAT KaHaj 3a Te3n CnoeBe OT Hace-
NleHneTo 3a nosiyvyaBaHe Ha Heo6xXo4NMMOTO
nekapcTBo. B AeNCTBUTENHOCT, 4YacTHUAT
CEeKTOp 3a pas3npocTpaHeHue B 6eaHUTE n
Cesickn panoHun B AdppuKa e U3KIYNTENHO
ycneweH 3a noTpebuTenckn CTOKM, KaTo
Hanpumep, 6€3a7KOX0HMN HaMUTKK.

Hackopo CBeTOBHMAT (DOHA CbLLO 3arnouy-
Ha cybcuampaHe Ha 4acTHUS CEeKTop B
HAKOJIKO Abp)XXaBu ype3 cxemaTta ,Mexa-
Hu3bM—-Manapusa” (AMFm). Tasu cxema e
dakTmyeckmn cybcuamns 3a nokynka, npwu
koaTo CBeToBHMSA (hoHA nnawa dbukcupa-
Ha CyMa Ha AOCTaBYMK OT YacTHUSA CEKTop
3a BCsika 6ponka OT NekapcTBOTO, KOSATO
pasnpocTpaHsaBa. Mo To3n HauuH, cybcu-
AVSATa HaMansiBa pasxoamTe Ha AO0CTaBYMU-
Ka 3a Bcska bporika 1 BoaM A0 yBenn4vasa-
He Ha KOJIMYEeCTBOTO CHabAeHU NauMeHTH.
KoMBbnHMpankn AbArocpoYHuTe cybcnanm
3a AbpXaBHUSA CEKTOp CbC cybcmaumte oT
cxemata ,MexaHusbMm-Manapusa”, CeeToB-
HMAT doHAa cybcnavpa m gBaTa KaHana u
nopobpsea obuwata HaIMYHOCT Ha MeauKa-
MEeHTU: PMHaAHCMPaAHETO AOCTUra 40 NO-ro-
IsiMa YacT OT HaceneHneTo. Bbnpeku ToBa,
BAMSHMETO Ha CBETOBHMSA (oHA CbLO €
OrpaHM4yeHO OT cpeacTBaTa, C KOUTO ce
pasnosiara - A0KaTO AbPXaBHUSAT CEKTOp
MMa Abablr PUHAHCOB LMKbLI U U3NCKBA
Ob/ITOCPOYEH aAHTaXWUMEHT OT AOHOpUTE,
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nors - while grants have long grant cycle
and require long-term commitment from
donors, purchase subsidies are more flex-
ible and could be managed on a yearly
basis. Therefore, the Global Fund might
benefit from AMFm not only in terms of
reaching more people but also from add-
ing flexibility to its fund commitments -
an issue especially relevant since in late
2011 the Global Fund announced it needs
to halt new programs due to lack of fund
pledges. Designing the right mix of public
sector grants and private sector subsidies
is a relevant question with huge health im-
plications to the donor and society.

Inventory Management

As discussed, Rashkova and Gallien, 2015
falls into the broader literature on period-
ic inventory management under capacity
constraints. It builds on the existing litera-
ture by relaxing two of the most common
features of related models: backlogging
and holding costs. As a result, they tack-
le a more general class of problems with
multiple heterogeneous products, partial
backlogging (or lost sales in particular)
and a binding per-period capacity. Yet,
there is further room for generalizing the
model to situations with random capacity,
substitutable products and capacity carry-
over.

The index policy heuristic they propose is
extendable to all of these scenarios and
further work on its performance is promis-
ing. When per-period capacity is random,
heuristic is directly applicable with the
units with the highest indices ordered until
the capacity is exhausted. With substituta-
ble products, each product has a substitut-
able ‘score’ measuring the attractiveness
of one unit of this product in satisfying de-
mand for any of the other products. The
index could then be adjusted by the prod-
uct ‘score’ so that products which can be
used to satisfy demand for other products
become more attractive and are ordered
more of in a systematic way. Finally, when
capacity can be carried from one period to
the next, a maximum inventory for each
product is set, which, if reached, triggers
capacity preservation for next period.

TO cybcumanmTe 3a 4YaCTHUSA CEeKTop ca no-
rM-BKaBW M MOraT ga ce ynpasnsBaT Ha ro-
AvwHa 6a3a. CnepoBaTtenHo, CBETOBHUAT
¢doHA MOXe Aa ce Bb3Mos3Ba OT CxemaTa
~MexaHnszbm-manapumsa” (AMFm), KakTo 3a
AOCTUraHe 0 noseve notpebutenu, Taka
M 3a no-roasiMa (uHaHCOBa IbBKaBOCT.
To3u BbMNPOC € 0T 0CO6eHOo 3HaveHne cnes
KaTo B kKpas Ha 2011 r. CBeTOBHUAT dOHA
06s8u, ve Tpsibea ga cnpe durHaHCKMpaHe-
TO Ha HOBW MpoOrpamMu nopagu nuncaTa Ha
(dWHaHCOBM rapaHumm. TOYHOTO CbyeTaBa-
He Ha nponopunnte 3a dUHAHCMpaHe Ha
ObpXXaBHUS CEKTOp 1 cybcuanuTte 3a vacT-
HUSI CEKTOPp € BaXXeH NMpobremM C OrpoMHMU
nocneauvun, KakTo 3a AOHOpUTE, Taka M 3a
34paBeTo Ha obwecTBoTo.

YnpasneHne Ha 3anacute

KakTo cnoMeHaxMme, OMUCaHUST Bb3rnes
Ha Rashkova and Gallien, 2015 nonaaa
cpen nutepaTtypaTta 3a NepuoanyHOo yrpa-
B/IEHWE Ha 3anacuTe Mpu OorpaHuUyeH Ka-
naumteT. Te obobwasaT ABe OT Han-4yec-
TO CpelaHnTe CBOMCTBA Ha Te3U MoAesu:
3ana3BaHe Ha He3a[0BOJIEHOTO TbpCEHE
N pa3xoauTe 3a CbxpaHeHue. B pesyn-
TaT Ha TOBa, Te pa3rnexaaT no-obu, knac
npobaeMm ¢ MHOXECTBO pa3HOPOAHM MpO-
AOyKTU (nekapcTtBa), 4aCTM4YHO 3ana3BaHe
Ha He3a40BOJIEHOTO TbpCeHe (MNn Hepea-
nusnpann npogaxbm B 4ACTHOCT) U Mpo-
n3BoacTBeH/dnHaHcoB kanaumteT. CbLlo
Taka, TEXHUSAT MOAES MOXE Aa Ce NMPUIoXHN
B CUTyauWM CbC C/ly4aeH WAW MbBKaB Ka-
nauutet/duHaAHCMpaHe U Npu 3aMecTUMmn
CTOKMW.

MpunbnumxeHneto 6asmpaHo Ha WHAEKC
dYyHKUMNTE MOXe Aa ce ajantvpa KbM
Te3un no-obwm cutyauum c obelasalim pe-
3yntatn. Korato KanauuteTbT € C/lyyaeH,
NPUONMIKEHNETO € MPUSIOXKUMO ANPEKTHO
npu NopbyKa Ha eaAnHULMTE C Haln-BUCOKU
WHOEKCW, AOKaTO KanauuTeTbT e wu3luep-
naH. CbC 3aMeCTUMU CTOKW, NPOAYKT KON-
TO MOXe Aa ce U3Mnon3Ba 3a 3a40BoNsBaHe
TbPCEHETO OT ApPYr NMpoAyKT CTaBa MNo-aT-
pakTMBeH. VMIHAEKCHLT ToraBa MoOXe Ja ce
perynumpa oT “oueHKa” Ha npoaykTa, Taka
ye CTOKMTE, KOMTO MoraT Aga 6baaT n3nons-
BaHMW, 3a [a Ce OTrOBOPWU Ha TbpPCEHETO 3a
ApYru MpoAyKTW CTaBaT BCe Mo-aTpaKTUB-
HM K OT TAX Ce nopb4Ba nosedye. Han-Ha-
Kpasi, KoraTto KanaumTeTbT MOXe Aa ce
3ana3Ba B b6bjelle, MOXe Aa Ce MU34YUCU
MakKcMMasiHa HalIMYHOCT Ha BCEKWU T[po-
AYKT, Taka 4e, ako T4 ce AOCTUTrHe, Aa He
Ce rnopbyBa Nnoseye OT Hero.
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V. Conclusions

This paper aims to fill the gap in apply-
ing standard operations management re-
search methods to global health challeng-
es. Using contextual information regarding
the Global Fund, the world’s largest finan-
cier of HIV, Tuberculosis and Malaria, we
study the link between the Global Fund’s
performance-based funding model and
central stockout risks in grant recipient
countries.

First, we formulate a general inventory
model for the dynamic budget allocation
problem. We summarize the existing lit-
erature along six key dimensions in this
model: products, demand, funding, pric-
es, lost sales and procurement lead times.
The health setting presented is particularly
sensitive to the typical inventory manage-
ment assumption of demand backlogging
and positive holding costs.

In the second part of the paper, we discuss
various problem unanswered by the cur-
rent literature. We hope they will stimu-
late more research in the area of financ-
ing for health product procurement. This
research has the potential of benefitting a
large population of patients.

V. 3aknroueHue

Ta3n ctatma MMa 3a uen ga o6obuwm n mMo-
TUBMPA NpuiaraHeTo Ha CTaHZapTHU Me-
TOAM OT OnepaumMoOHHUS MEHUOXMDBHT B
cepata Ha (duUHaHCMpaHe Ha fiekapcTea
B pasBMBaLUM Ce AbpXXaBu. M3nonsBanku
KOHTEeKCTyanHa MHdopmaums 3a CBeToB-
Hua doHA, Han-ronemMuss GUHaAHCOB AOHOP
3a 6opba c XMB, Tybepkyno3sa u mManapus
B CBETa, HME M3y4yaBaMe Bpb3KaTa Mexay
dUnHaHCMpaHe, OTYETHOCT U PUCK OT He-
AOCTUI Ha NekapcTBea.

MbpBo, dopmynupame obul moaen 3a yn-
paBfieHMe Ha 3anacute B AWHAMUYHUS
npobnem c paznpeaeneHNeTo Ha broaxera.
O6o6uwaBamMe cbllecTByBallaTa nmMrepaTy-
pa Mo LWeCT K/4YOBU M3MEPEHMS Ha TO3M
MoAen: NpoAyKTU, TbpceHe, dUHaHCUpa-
He, ueHu, 3arybeHun nponaxbu n Bpeme 3a
AO0CTaBKa. 34paBHUAT KOHTEKCT € 0CobeHOo
YyBCTBUTENIEH KbM CTaHAAPTHUTE Npeano-
NIOXEeHMS 3a 3ana3BaHe Ha He3a40BOIEHO-
TO TbPCEHE M Pa3X0oANTE 3a CbXpaHeHMe.

BbB BTOpaTa 4acCT Ha CTaTMsaTa AUCKYTU-
pame passiInyHN OTBOPEHWN BbMPOCK B TO3M
KOHTeKCT. HagsiBame ce, ye Te We CTUMYy-
nunpaT noBeye mM3cneaBaHusa B obnactra Ha
(nHaHCMpaHETO Ha NnekapcTBa, TeMa, KOs-
TO MoXe ga obnarogertencresa ronsm 6poi
naumeHTu.
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