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Part I


Summary and Scope of Consultation





I. 	 Summary and Scope of Consultation of USAID/Indonesia, HN;


March 28 - May 3, 1978



The terms of my consultation were to prepare the economic analyses



for the project papers related to:



1) The Expanded Program of Immunization



Project (PID #497-0253)



2) The Malaria Control Project (PID #497-0288)



3) 
 The 	Primary Health Nurse Training Project (PID #497-0289)



The duration of the consultancy was to be four to six weeks beginning



on March 22, including time for briefing at AID/Washington, travel, and



duty at USAID/Indonesia. 
 From March 27 to April 20 1 worked on the Expanded



Program in Immunization analysis. 
 Output from this analysis included the



estimation of the number of cases and deaths prevented for each of the four



diseases in the program as well as 
 the 	completion of cost effectiveness and



cost-benefit studies. The cooperation of other team members and Ministry of



Health officials was valuable in the completion of this report. I especially



appreciated the help given by Daniel Tarantola 
 (CDC-WHO) and Robert Hogan



(CDC-USA). The resulting analysis, which indicates that the proposed immuni


zation program is highly cost effective, is presented in Part II of this report.



On April 20 and 21 1 conducted background interviews with Ministry of



Health officials in preparation for the economic analysis of the Nurses Train


ing Project. However, it was decided by Dr. Vanderhoof, Chief, office of popu


lation and health, AID/Indonesia, to delay preparation on the project paper for



this project to give the Indonesian Ministry of Health time to define the struc


ture of the program more precisely and to assemble supporting data. Accordingly,



the economic analysis was postponed until a future date at which time it was



expected that I will return for three to 
 four weeks to prepare the analysis.





1-2



From April 23 to May 3 I worked on the economic analysis of the Malaria



Control Project for the Outer Islands. I greatly appreciate the help of



Larry Cowper in providing the malariological background for this report. The



resulting analysis, which indicates that the proposed malaria control project



is marginally economically viable and that the economic viability can be ex


pected to be highly sensitive to the efficiency of administration and manage


ment, is presented in Part III below.



With regard to all my duties in Jakarta I greatly appreciate the helpful



advice and assistance of Richard Johnson and Lance Downing.





PART II



AN ECONOMIC ANALYSIS OF AN EXPANDED



PROGRAM OF IMMUNIZATION IN INDONESIA



Howard Barnum
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Surmrry and Conclusions 

The economic analysis reported below indicates that, in addition to 

the humanitarian benefits of reduced mortality and mo.bidity, an expanded 

program of immunization for diptheria, whooping cough, tetanus and tuberculosis, 

can be expected to be cost effective in comparison with treatment and to 

provide significant economic benefits for the target population. While it is 

not possible to quantify the greater part of the benefits from the proposed 

program, a sufficient part of the benefits can be evaluated to justify the 

project on purely economic grounds. Sensitivity tests illustrate that this 

conclusion remains valid even when costs are increased by 20% and benefits 

reduced by 50.. 

While the employment effects are modest (3,000 to 4,000 people) the 

effects.are widely dispersed geographically. In addition the program has 

highly desirable distributional effects since the largest part of the benefits 

fall in rural areas and accrue to lower income groups. 

Finally, a separate analysis was made of the DPT - TFT and BCG components 

of the program. The emalysis revealed that although~the BCG program .ay not 

be viable when operated independently its inclusion in a total innoculation 

program is strongly justifiable on economic grounds (as;uming a vaccine effi

cacy of .5). This result suggests that other imunizations, such as polio 

mad measles, which may not be cost efficient by themselves may be economically 

justifiable when included as part of a larger immunization progrra. 



11-2 
An Economic Analysis of, an Expanded 

Program of Irnwnization in Indonesi-i 

I. Introduction 

This analysis is intended to give a conservative assessment of the 

economic merits of the proposed Expanded Prograi on Imraunization in Tndonesia. 

Two, complementary, procedures are used for the assessment: cost effective


ness analysis and cost benefit analysis.



In both procedures an attempt has been made to use the best information



available for the evaluation. However given the paucity of data availaVle



a number of assumptions heve been made to facilitate the analysis. In some



cases we have.extrapolated from data available for specific regions on Java



to the entire country. Other information such as health service participation



rates is highly subjective and derived from consultation with hospital and 

health ministry officiaIs. Finally, Hospital Record Surveys, have been used 

in combination with other information in an attemot to reconstruct incidence 

and fatality rates. Computational details and sources Ere presented in the 

Appendix to allow the user of the study to evaluate the assiumptions. The 

difficulties in conducting this analysis with the available data demonstrate 

the strong need for a careful uurveillance system to be incorporated into 

the early stages of the irrrinization, project. Early Surveill&ne i- impe;rative 

in order to allow a future retrospective assessment of the program. 

The objective of the proposed program is to reduce infant and child 

morbidity and mortality by expanding the preserit national program of smi-llpox 

and BCG imrinization to cover a larger proportion of the population and to 

include imunization for diptheria, whooping cough and tetanus. The protgrm 

entails the delivery of BCG and DPT vaccinations L two visits, during the 

first year of' life, and TPT vaccinations of pregnant women. 1: addit'.:x io.C2 

11:CAC.-1 ... to 'CG Iedi as 
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vaccinations are to be given to children entering aud l.eavirg school I . 

The pLanning horizon for theproject, a-id the period over -:hich the 

economic analysis is conducted, is five years. The estiLmates of the morbidity 

,and mort.51.ity impact are theref-ore conservative since, if'the prog'ram is 

continued Longer than five years, lYP boosters for children enitering school



would give extended immunity that is not included in the calculations.



In addition the estimates include only the direct effects of immunization 

and omit the effects of extended community protection as a result of 

reduced transmission.



The estimates are also conservative since in order to simplify our calcu

lations, we have oi.dtted the effect oL TF.P maternal, morbidity andon morta


lity and have also omitted the impact of the .ICG imunruizatio, of' childreu



copleting school. The effect 
 of these oissions is probably negligible 

since the incidence ot" tetanius in women of chil.dbearinl age is ver- low and 

the nmmber ot children colpleting school is also stjall. 

We have also on-.itted the costs of the devel.op.ient ol" >Iio Faiimals


capacity to produce polio and measLes vaccine (414.5 x 10 Rn.) since the



program considered does not include iim.unizatio!:s, anid thus does not include 

benefits, for these diseases. In addition we have omitted the cost of s:aall

pox vaccine (I000.i x 2.0 P11.) since the disease does riot presertw.y exists 

in Indonesia and, from an ecorio::lic stnndpoint, s.iaLlpox .i!munizations a-e 

clearly cost ineff'ective. The i:;clusion ot' these ie,:s :ould ,ive misleading 

resul.ts in t-ying to estimate the ef',ectLveness atid val,.te of' the DPT, TFT 

and 3CG components of the progZra:. ;uit1h these o:.r.ss.ins the total cost of 

the DPT, TFT and )CC pert of the project is 15140 x 10 R-0. ('3c.5 tit LLio:-). 

RIe~erred t,- as 13CO II 

http:resul.ts
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II. Cost Effectiveness Aiiaiysis 

In the folio;ing analyb'sis we attemit to ascerta:in vhether at the leveLs 

of incidence in Indonesia it is cheaper to treah in-'ection or to prevenL 

in['ectionthrough the irmunization progra:. Since in onlylacta s:nl 

percentage of the Indonesian population has regular access to and uses the 

modern health care system the comparison is m.oot and immunization is the onl." 

apparent short term alternative health intervention for DPT and Iuberclosis. 

Hoever, the comparison is useful for a consideration of Long rLn alternatives 

and for that percentage of the population which uses the present health care 

systemi. 

°Because the vaccine erficacy and disease incidences dif£er co-'sidezab ly 

for" 2*CG and DPT1 ..:e exa-mine the cost effectiveness oi' the -CU arid DPT co:-.ponents 

of the proran separatel.." as w,;el.l.looking at the cost e£'ectiveness ofas 

the total progran. 'Tis is dofne b consider-ing the pr.Dgrar as il"they, v-ere 

to be operated separately. That is ,,e consider the cost effectiveness of 

the :CG program i f" there ;:ere rl. DPT pro-r:m_.-.. LikeWise ,-e coz.sidef the cost 

PIPT 2C proga::.efL'ectiveness of a proL-ra!., carried o:t in the a,ser-ce of a 

ITn addition, since most o' the capital, exLenditures (cold chain and 

traiisportation) ad a Large par o, the irniiinization delivery syste::i are 

used in coa'rlon b, prth co:'U;renLs, thE stl o.Lf the coS-- o ope1' ti nro'-.. 

b-th programs separate!.y is -t'e-ter than the cost o." the pro:posed join:t 

pro-ra.. It is there~ore o, ii-iLerezt to exa;,ine the cost e..,'ecLiveries: o. 

the co:,ponent ,'o;r:V.Is, coni dered as ::;ar.'J!la!. Th.,L in we as: the ouesLon 

"Given an operati-i, DPT (or, ,-.ternative' , ;prao :rr w_)lOd the 

cost el'tectiveness, in ter."s o:' ,ddltior.al cr ses -vid det .s eventerl, o.' 

T)T re.'ers here and it,L.-ee 'ii)'a ,-.ys so to tc £P' aid ,1"11t: 
,nainizat ions. 

http:ddltior.al
http:o;r:V.Is
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!a(tdU!. a 2 oa1.rt y yIPTp :O 7 40' C L: so 

sin'ce itL rn2,L be thnt-A aa im:Lrizt-Ion -isW(1-.)*r'~es (!31 ~c cIn 

jtse.C eyV e cost e-'ective ?:heni consldeired is -an ardd1.iria!. or riira 

coip1Ottrin to an eXisting;l- progr:1. 

Finially, s.ince t1-e initial pro-rama corer-a-e is s:,0 L. a i.th'nuth capital 

ex-perises ar-e conisider-able, -..e exuis he cos:, ef-Pective~icss oil' the fina. 

yea o the promramn in or-der to olbtain au indicat.on 2te ;Cctvnc 

"oVth1e conitinuing- pi-wr-am be-on~d the itnitial stairt up eo..ylokita 

the~ ero£~h~ r~a hen covera, e beeboai-ht~ L .I -a1 the pro-ra.i h,%s to 

a loE*, run operating- level and the delivery s-,s.'ei~ atnd cold chain arTe i.

place we demive an estimate o ' the cost ef'!.ectiveaess oC r.,ainterm rice of the 

J..tr'niatir1pi-ogr-iam. 

To 'revie, there wil.L Ibe a total. of six cost'; e~~:es ra~sc 

(1) the total. prorr.it, (2) c;oi,(3) ITT -.)n ,() 3C IIu~~La~t (5) Pl 

ari a-,d (6) thep total pro~ia.:i in the f1.c'l. ycar oi* t pelan. Oth.er 

ana!Yses are possible; for eya::i-!.e one co..tl.d, Look -.t the coct ei~jective~iess 

0, 'IFP, -,C:11 I and 'CO I! Thea.tl.1ise al.s :otdeofinL'e-.e"t i-! 

approp'ietely d-I,.-ab:-,rc-,atfed cost data v-ere Lo !.ecadc avaII~aI).e at a utui-e 

da te. 

TIo Conduct the w-'aIL'yses :Wr.tinis needed oa por.i alpaclts 3 : 

tei-xPs ot' casea and deaths, pireve,-nted fbi e:ach dlise,)se, the costs o.' the oor~ 

at.d, the costs o-! tr-eatmeat ,'ur the dizseaces cansidcered. 

A. Cases and Den Ls Pr-evented b: tIhe T=;unniza linPor; 

[Psti.mates of the iui~nc t o. th11e pro-va.j i:,. (;eetin--- the o.-cctivo.;' 

r-edicingc. chilId rortal.ity and :.v-d!j i Lve;i int ta!, I.c 1- a,-.d in.- mvJre 

detail. in tables5 I - V In tlihe appe,-dix Teei.e ~ld ; 

http:prorr.it
http:indicat.on
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direct effect of the immunizations and omit any epidemriological protection 

which might be extended to non immunized persons. The estimates are obtained 

the life of the vaccine under considerationby tracking immunized cohorts over 

of cases and deaths which wolfd,and accounting for survival and the numboer 


have occured in the absence of iramunization. Since present disease surveil


lance is insufficient to provide accurate estimates of initial disease 


incidence (attack rates) and case fatality rates the table is based on a 

variety of sources and assumptions including the use of rates observed in 

countries with similar population densities. An effort hasother tropical 

been made t'o make the assumptions explicit and to choose assumptions which 

of the irmunization program.will provide conservative estimates of the impact 

sources of the basic data areThe calculations underlying table 1 and the 

given in the appendix in tables I-V parts b and c. The estimates given in 

a total of 313020 deaths would be prevented by thethe table indicate that 

five year p1.rn=m. 

Tables I - V were prepared in collaboration1		
The estimates presented in 
with Daniel Tarantola and Robert Hogan. 
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Number of Cases and Deaths Prevented by 

the Proposed Immunization Program 

Year DPT & TFT BOx To, -.1 
Cases Deaths Cases Deaths Cases Deaths 

1979-80 205524 16817 1810 408 207334 17225 

80 - 81 421904 26787 3703 833 425607 27620 

81 - 82 717901 44199 5594 1259 723495 45458 

82 - 83 1021070 57603 7727 1739 1024854 59342 

83 - 84 1335297 71.083 9876 2222 1340085 73305 

84 - 85 878380 22122 12160 2736 882880 24858 

85 - 86 583536 15408 15045 3385 588291 18793 

86 - 87 415905 11207 18251 4106 420982 15313 

87 - 88 220227 5794 21728 4889 225634 10683 

88 - 89 24925 5608 5608 5603 

89 - 90 20869 11696 4696 4696 

90 - 91 i(088 3620 3620 3620 

91 - 92 10948 2162 2462 2462 

92 - 93 5319 1197 1197 1197 

Total 5799744 272860 174043 39160 5838904 313020 
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Table 2 

Cost Breakdown by Program and Year of Program 

(Rp. x 106) 

Y e a r Cost if Cost if Marginal cost i4arginal cost Cost of 
BCG only 2 DPT only2 of adding DP. of adding BOG Total 

to BCG3 to DPT 3 Program 
(1) (2 ) (3) (4) (5) 

1979-80 1388 2268 1153 273 2541 

8o - 81 1457 2384 1197 270 2654 

81 - 82 1531 2641 1412 302 2943 

82  83 1785 3052 1594 327 3379 

83 - 84 1827 3267 18o6 356 36235 

Total 7978 13612 7162 
 1528 15140 

Value of 
capital 
-emaining .1217 1311 115 21 J.332 
AIt end of 4 
five years 

Total costs


less value


of capital 6761 7047
12301 1507 
 13808


at end of


program



Irhe cost of developing the capacity of Biofarma to produce measles and polio



vaccine is omitted. The cost of smallpox vaccine is aloo omitted.


2This represents the cost of operatLng a BOG progran without a DPT program 
(or conversely for column two). The costs of operating the two programs separately
do not add up to the costs of the total program since much of the total costs 
are for shared expenditures. 

3This represents the added cost if a DP.P program is considered as additional to a


BOG program (or conversely for column four).



This is the depreciated value of the cold chain, transport, investment in Biofarma, 
and administrative equipment categories after deducting for milaintenance.



5 Total 1983-84 costs, corrected for depreciation on capital acquired6 in previous yearslnd the salvage value of' capital acquired in 1983-84 are 3737 (x 10 ) Rp. This figure
is the basis for the calculations of the cost effectiveness of the program in the 
final year of the p1ln. 
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B. Program Costs



The program costs are given in table 2. T'1e cosLso;' operating the XCG 

iind DPT programs independently v'ere obtained by estii:ting the portion of 

jotal. exp2editures, in each of thle XI categories given in the fina.cial tables, 

that would be necessary to operate the pro-rams separately. Thus, for instance, 

the total cost of the cold chain and transport categories is included in both 

programs but vaccine costs, 3io Farma development and syringes and other equip

ment are broken into components directly attributable to the separate programs. 

The foreign exchange coiponent of project costs has been converted to 

rupiahs at the current exchange rate (MI = h15.5 Rp.). It is plausible to 

argue that this rate siguificantly overvalues the rupiah, perhaps by 15-25A", 

Although illegal markets for foreign exchange do not exist in Indonesia, the 

demand ,:reatly exceeds the supply of import Licenses at the current exchanige 

rate. Nevertheless the rupiah is, at present, freely convertible arid there 

appears to be no imminent possibility of deval.uation. Rather than make an 

arbitrary choice of a shadow exchange rate :e feel that it is less inisle.dini 

to use the current exchange rate but to remain a;are that actuaL cost may be 

underestimated by l0-20'. 

The total costs ot' the prograni have been adjasted by substracting the 

value or cipital. reitaining at Lhe end ot' the i'ive year planni.ng period. 

Straight line depreciation is used. A life of ten years has been aVso.d for 

all. capitaL equipmnent excepl; "'or (',. of the transport ca'tegory :I.ch is 

assumed to have a 1i ,ieol' ('ive -ear. 

The total cost of the nroL'a: ai'ter sibt:'.,tin. the cozts o.' s-:a'o!pxz 

vaccine, the costs o;' the deveLip:.ent oI ' .i:a' s capcctj to p:od' e 

po!i,. ard ;.easles vaccine ard the 'esid.'Al o"ao Ccpi t'' at tle e.' o C 

http:planni.ng
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the five year planning period is 1302 ( x io) ,J. lhe cost per 

contact, incl.uding tixed and recurreint costs, is 272 R'. (:?0 .65) and 

2the cost per ful.y vaccinated infant is 1532 Ru. (.) . Th *ost 

per fuilly. vaccinated in'"ant after the progra: has reach--ed 2ull ope'ratinrg 

capacity in the last year of'the pi:'o-ram is 13 7 . (7337) 

C. Treatmtent Costs



Treatuient costs represent the costs of inpatient care for teta:ius and 

diptheria and outpatie.it care C'or tuberculosis and perLussi-s. The cost of 

The totaL number of contacts for DPT (2 visits), BCG and '21FT is 

50,760,003.


2 
Adjusting for children who do not, retturn for the seco.id ir:',ni1atior,



the predicted nminber ofC chi .dren i).i1.-r im.r.ized :i th DPT aid a3CC'
and

'

whose mothers have, i17 req.ired, received Tr-91 is c.;015'25. 

http:outpatie.it
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inpatient care were obtained u. multiplying the average- Le'L:!th of stay



for tetanus and diptheria by the average daily cost 2 of' pediatric hospital



care for sick chil.dren. The costs incLude druII.gs, £hod, nur-i."g, Lab tests



,-rd doctors salaries. The costs of outoatie:.t care were obta-ned by the



pricing o specific treatment regimes for pertussis and tuberculosis 3 . 

The resultjng estimates of per case ,:osts are 115,0O0 Rp./case for diptheria, 

6,000 fp./dase for pertussis, 55,000 Fp./case for tetanws and 49,000 Rp./case 

for tuberculosis. The cost of tiating one case urevented by the DPT program 

is a weighted average of the costs of treatment for each or the three diseases 

involved in the irimmunization. Similarly the cost of treating one case 

prevented by the total program is a weighted average of the costs of treatment 

for each of the four diseases.



lAn average length of ,:tay of 13.2 days for teta:'L.S and 10.7 days for di.ptherc 
was used. See, U.S. I.epartutent of health, i' 
 and Welfare, Publicd-cation 

Health Service, Pro!osa ., i-lass luu-iunization Pro7ra;is ior Cei!Fral A:ierica,


June 1972, p. 1 2 .



2
An initial estimate was obtained for the cost per patiernt day of operatiui


sick child pediatric wards in a Class A ard two CLass ,3 hospitals. Since


the majority of' hospitals are of class C arid 1) and have substantia-iL- lo.zer


costs the est.rimates were revised downm'ards by thirty percent. The final


estiiiate of" the average daily pediatric costz.Vor all cl.a.sses ot' hospitals

is 5,600 Rp. The aathor is indebted to Jefi" Lester and Dr. impez of the


Indonesian Ministry of' heaLth for the esticlates oI pedcatl-ic cosLs.



3 The regimes and prices were outLined by Dr. G,nowiseso, Indonesian rinistry


o1 Hea!h.



http:druII.gs


'Thhe 3 II-lOa 

Cost, &..Cectivene,.s of' the 


Proposed I1mWunizaLioa Prosr-a 


Cost per death 
Prevented (IR.) 

TotaL Programi 44112 ($106) 

3CG Program only 172651 (P417) 

DPT Program only 45082 ($109) 

;iCG considered as.tm added Program 38483 ($93) 

DPT considered as 
an added Progra:n 25826 (*62) 

Total. Program in 
Last Year of Plan 
(1S3-84) 37511 ($9O) 

Cost per case 

Preveatbed(Rp.) 


2311 

38847 

2121 


8659 

823 


2056 

Cost of reatig 
' one case (Rp.) 

12356 

4900O 

10716 

49000 

10716 


12356 

This is the weighted average of the costs of treatment of the diseases

considered. The weights are the proportions of toLal prevenLed cases

in each disease category.





D. Pesults 

Results 	 of the cost efr'ectiveness analysis zre suu:a.ized it, Table 3. 

°It is apparent that the total iunizatioI progra: .is high- y cost effective.



The cost per death prevented is 4h1 , i. ip. ($06). The cost of"preventing
1 2 

" 
 an,average case is approximately one sixth of the cost o treat:rFent. The 

prografa remains cost effective even if we suspect that progra;i costs have 

been underestimated by, say, 20 4 and treatL::ent costs overestim.ated by, say, 

331 . In addition, Ahe program gains in effic-ncy over the five years of 

the project plan until the cost per death prevented falLs to 37,511 Ip.($O) 

and the cost per case prevented falls to 2,056 RD. :hen fTul operating 

capacity is reached in the final year (1983-8h.). 

Turning to the individual program component3 it can be seen that the 

DPT prorara would be cost effective if operated alone. Further, if we considcr 

the DPT programi as added to an existing iXG program alread" possessing an 

adequate cold chain and delivery system,the cost per additional death prevented 

is only 25,826 Rp. ($62) and the -cost per additional case .revented is 823 Ep. 

In contrast the CG progra:., is not as cost eC:.'ective -.'hen operated inde

pendently. In fact, if progra:;, cos", are increased byr 20O' arid treat;e-aL cost 

overestirated by 331 the ratio of cost per case preventcd to the cost of: treat

ment is i.4 and an independent -Z.3prorra.i vou*ld be cost J"et.'ective. i -iever, 

if we consider the cost e[f'ective:-cso of' addi:ig ;C ivi,.'uiniza'ion to a DIF' 

program we see that the marginal cost per death prevented is only ".,li,, :j. 
addi tiona . 

(,93) and the cost per/case prevenfted is su.bs'antia.Lby l.ens than the cost of 

treatment. Thus, it is found that a p-ogra, "'hc i s inef.'icient b itself 

beco: es cost eff'icierit added oo:,o: .z..ic; hcn as onie 't"a lar-er- i:... 

program. This resul.t sugLestsishat once the cold clic__ ane, del.iver; s ,"St':a 
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are in vlace the additLon of other isi x;,.zatiou: p :., such -s polio :.'.d 

measles, i.,hich may not be cost j.sti.iable when oper-a-ted sep-t-ately;, L:.-'-J 

be warranted on a cost eifectiveness basis. 

III Cost _:.ene it Anal-sis 

It is widel- recnized that cost-benefit anal.sis is difficult to anrp.., 

to health projects because,althou.-h the costs are us-Ually concrete, a sufstari

tial vroportion, Often a preponderLance, ofC the beneL'its are iatanzible. FLo)r 

the present study the intangible benefits inc".ude the incalculable value o' 

lit'e and Lh, va 1.ue of reduced suf'ferinLg t: the chi.d whose illness is prevented 

and the avoidace of' the sufLerian,, bereaveme:iL and anxiety of friends and 

/'ami.y. Nevertheless an analys.i.s based only on the ta!;gible an-d gumtt 'able 

beneCits is useful since it forces recogitition of a substantial class of 

benet'its - the economic 
 benefits - which mic, t ot.er'.ise be overlooked. 

For the present study these benetits include the avoidance of treatent costs,


the aoidance of*los- income throagh pre:,,.at:tre death ard vaLue of hose;avns


tiate saved in the care of the sick.


A. Economic "ene its. 

a. 	 Avoided treaLirent costs.



' 
 The treat::ent costs include the costs oIL treatmeLL by traditional i.earis 

(,amu medicine) i.s weLl as medical care received thr'o-.ig outtpatiernt cllrtics or 

hosuitalization. iwse costs epreseat ar alloca.in. o;* rcso'xce that ;o 

be unnecessary 1n the absence of* Lhe disaues cozidecred. A l97C, st:, 0L the 

maxketin- arid cons pi,)Lion o[" ja: .t i;iedicine i udicatcd tiX:t 	 raproxim .te.Q ?, 

or all. resnondents w;ould ise ja:'.u monedic-ti!)nj". -espose to 	 i Less 

0. oesn.i. , W. 'l'ahar, Y. Arnm", -Renoo: on alnd


Ja:mu, P.1. .1 score, Indlonesia, .-.. 7', 
 

http:alloca.in
http:thr'o-.ig
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irrespective of whether or not a.odert medical care is also received. The 

indication was that thiis would be an expeiditure in Oddition t'o Jart.u 

parchased for other purposes. Ie have assiuned that the cxnend] turc ;:o'ild 

be 75 Rp. per srnptom i:eek (two owreeks) for diotheria, pertuss.s and tetanus 

and 50 Rp. per sympton .;eek (thirtA' weeks) for tubarCLtosis. The total 
raditional costs avoided -:re then obtained by -, " ig 112.51p .50 (='j L,, :in 
 11 .75 

75 IRn. x 2) times the num:Iber oC DPT cases prevented and 1125 (= .75 x 50 iP. 

x 30) times the ntunber of tuberalu.osis cases prevented. 

The proportion of households using modern cedical care was estimated 

at 7"'. The total modern medical. costs avoided are obtained byr the product 

of .07 times the n,.ber of cases prevented timesthecost o' treaLent (See 

the section on treatment costs under cost ef.'ectiveness). a'he result-Jrir 

avoided costs of treatment for each disease are given in talkie V.II of the 

apperidix. 

b. Va.ue o-.' riothers tinespent in hote care. 

The inclusion of this benefit recognizes the 

eco.nic role of women in the a-ricultural ho-ise-.ol.d. Accoiunts of te "use 

of' time over a calendar :ear irldicate that the ,,;,,a.. product of both male 

and CemaLe labor may remaln positive arid " " tro.,hQ the . 

season during which planting or harvcstin, occur In the sl.ack seaoa, f.L' 

farm emp1oyment opportunitIes may e:isL for ?:.en iut at-e o.t.n 1imited for 

wo:!ten, as a consequ.ence the IarJna1. valie o 'e:.,rLe labor t*L::e fa.is S .verel:. 

This fiLlre was taken aftec disciissions ,.LI.hea th ,''icials at the 
Indonesian :.:inistry of' Hea: h. So:re . ....< orai n --)(I uS. ecaut be 
 foiuid 
in Indonesian Hleal.th P.of lee, [tr.-r.aLiortall Lea" l';o/;'., ,ehoot. of


P b ic flea i'h, ,JniversiAt,' OV" .[ ,.o m .


http:Hleal.th
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In the calculations used to derive the vale of mthLers t:[,e in home cact: 

we have asswied that, given the t,.o crop cycles in Itidocesia, the busy seasoii 

corrp-ises approximately one g:ourth o' the calendar year. 

.Jasx.d on the resul.ts of'a labor force participatio. survey we have 

evaluated the mothers timie at a shadow "age of one half of the average 

wage during the busy season and one fo'.zrth of the average wage during the 
2 

slack season . Assuming that the disease occ..cs randomly over the calendar 

year, the value of mothers time spent in care is 

(1/2 . + i/4 . 3,4) WDLC - .3215-7.,"DLbC 
where W is the average wage rate, DL is the averag-e number of' days lost in 

care per illness and C is the rvLanber of prevented cases. It is assigned that 

the total time spent in care is seven orking da..s per case fbr tuoercI.Losis 

and three working days per case for diptheria, pertussis and tetanus. The 

wage rates used assu:e. a growth in the reaL vage rate o' per arinum, and 

are given in table IX b of the appendix. Table IX a gives the estimated value 

of the avoided loss of mothers time spent in the care of? sick chil.dre:a 

c. VaLue of' Incomie Derived from Prevented iortalit-. 

The discounted value of the expected strea.ti of Ul'etime earnings gi,: 

an estimate of the present vale of the stream Lf outputb lost through the 

pre.,iature death o" an individupaL. Since the early, years o" life, up to 

entrance in the labor force (rAssur.ed Lo occur at 12 years in indonesia), are 

accompnnied by outlays for the costs of' child rearinL'- it is possible that 
evaluated on the basis of (.tonetary 1lows alone the -ireserit valu 0(7 the 

strean o' life time ea nines w.oild be snalL. Eowever, if 'ic as:-.te that 

"2 The activity rates for feiua'es betvcie!i 25 and 35 -ears o ageC aIe approximately
.5 during the busy seaso' ard .3 d,-rin the s.ack so" . See, H.Red.:ia-'a, 

. ji and Dal.iyo .?.o" R-,'e and i.abor Force (1i zatio. inn ,.h1ecLed -rn 
:.va: vol.. 1, .Jat-onaITLtue o[ :Col:: c and So.ina, .os-.vch, Thdos.a 

I5Y77, P.77 

http:rAssur.ed
http:strea.ti
http:resul.ts


chi.di.e 	 are the resn!.t o:' a ratic'&. actiLon - the pla'L of ;aLentz, then 

it can be 	 argued that the value o-" children to the .av' 'z at !.east of's.ts 

the costs 	 oU chiLd rea'.'ing. There is, in act, a st.ong a r'irXLent that 

.besides the cOistiS.Lption vaA1,e o. status and t .ta.., chLd'e 

provide non market househol.d and t'ari Labor a-d sec-urity Cor ol.d aze. LI 

Indone--.a, which is primari-!.y -,cultuL aad "here .tst o:' the Population 

is nat covered by any t'orm of social securit:,- there are i.npLr at,latio... 

reasons for parents to perceive the bene"_Its o!' children as !,,.ore than oft.



setting the costs o'"childhood. ,. omittialn the strea:i of costs in the



eax-1.1- childhood years before entrance into the 1.abor _2orce ie in ei .'ect



rtlia!.ly quanti-fy an iporlant qasanie bene-.'it and ,o;e it into the



econontic benefit category.



Accepting the argument above, the eypected present va .,.e of Uif'eti..ie 

earnin.s 	 derived irla prevented deaths attri .Utable to the i:.-:inizatioa 
prozram is given in Table X. The table is based on an aGe-earnins proile 

!:hich assumes that the average child enters the 1.abor t;axket at the eze of 
-t'.ie'ie and receives au entering i(Ico::Ie 01 a.'Pox-:,at.: o :.,-th the 

national 	 avera;e. His expected inco:ie th.n Increa-ses :ith :.-aturity and 

,ai.as in 	 DroductIvti;y up to the national avcraze at the aLje o. 20. A2s::.i-, 

a horizon of age 55, his inco:,e .i!. contin;Je to i-ncr'ease :ith gax:_ts in 

Prod'ictivity (ass'.med to be .04 per Lear) f'ro,- ae 2 LO 55. A discount rate 

oC .15 has beeni used and a co-.recliou has bee:,- ,ade .*or the .robability o" 

survival 	 Cro:;i the erLE!.y years oi' cIJ.dhjI-)d to enti.a,.ce In [he labor Iorce. 

The ca!.cul.ations used to deciv: the we-- are ii inthe amned.ix.e .adc 

;,"le that 	 bY itsitiE the riatL'al. averae iizco:.e ci adjLust.:eIIt isi'..i

citly made for the p-ssibl-.itj of' oe:n).o.''.ie:2;nr limde'.o.'renh. That Th, 

the assump)tion is that in'ec.onIs ar 'app-roxi.,.aLely ra: dt: and a chil.d -.hhi:se 

death is prevented nay gro. .p tu be une.,ioLoyed, undere''-Loyed or a hi '.

.proditc.tve me!uber o societ- ;.ntt t ii'o;.ai Lities that are exacS.by ret'!ec ted 

b.. the present distribution o' ,"co;,,e, 

http:exacS.by
http:ii'o;.ai
http:amned.ix
http:enti.a,.ce
http:rtlia!.ly


1.* Economic Costs 

The economic costs are the increnental project costs Less the value 

of capital remainicv, at the erd of the fifth project. year. The costs are 

given in Table 2. (See the discussioa of pro-ra;'a costs in the cost ef-ective

ness section above).



C. Results of the Cost- enefit Anal si,.s 

Five cost-benefit analses are conducted. First a co:,parison of the 

cost and benefits of the total five year procr~a is m,;ade. Then, in an 

exercise parallel to the cost ef'Cectiveuess ana-I;sis, a cost-benefit analy%,sis 

is i,ade for the DPT-TFT and 30C; co:poonents looked at as :eparate !'o-ra.:,s 

and the BCG component looked at as a .arginal progaa. Firally, since the 

catculations used to derive the costs and beneL'its are bazed on assumptions 

with onl3r tenuous s:tbstantiation, a se:isitivit: anralysls is ade. 

The results oF the analyses ai'e jiven in tables ML th-rozth XV in the 

appendix. At a discount rate of 15,I1 the pm esent value o' the planned 

expenditures fox the five year prora.: .j.s 9312 (x 10 ) .. .aile the prese!t 
-vale of beriefits is 27010 (x 10IC /cos'. ratio o' 

2.90 and a net p reseTh valite o 171':r,,8 (x 10 ') ,?. (-'. 2.7 ,'u.'liot'). The 

internal rate of ret.irn (i111) is 1105,. i.ven w"en cosl;: arr e cresed b" 

2011 a:d beiclits decreased bh 33- the ratio u[" 'cee:,its to costs remaits 

treater than one a:nd the :net present vsx.ue potive (see TritW.e XV). 

CLearly, the total. pt-oject is eco::o:'Uc: 1 .!.y vian!e a;-( de:6aue. 

*Adiscount rate o' 15-IC" h-s ,:S:C(used iti ot c:r :'eceat cost crIe-'.; Ctadios 
in I-ndonesia. TI'his ra:,,e appe.,; to L*.prox.:te th px.eSc:1t ort'1it: 
cost of capital. i Indncsi.r:. 
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Looki.ti at the separate ... ;e cee b. 1,i L co-t 

Cor DP -.TF'f iamtAriizaLion operated as a se.,atc n2re-: is 2.11" with a:i iA.. 

of I0;. IL' the .C- program were ooeratediE:e.e,. thu cost bere"*t 

ratio,.wuld be l.i3 with an !R±R o' ret.r a: 22, . This result will not 

withsland a sensitivity test. With a 20% increase in costs and 50%' 

decrease in benefits the cost benefit ratio is less than one and the IRR 

is less than 15%. Yet when BCG is viewed as an added or marginal program 

the ratio of incrementaL benefits to incremental costs is 8.65 with an IRR 

of 90%. As in the cost effectiveness part of this study we conclude that 

the delivery of a multiple of vaccines makes it possible to include component 

vaccination programs which, by thernsel.ves, may not be economicalLy viabLe. 

IV. 	 .oet 2,1 ec-s o' the Pro-r-af 

The total. vacc.iiiatioi pro!ra.., 11 cozbii te c.:iplojr..t o[' 3,00").zl z.hc 

peoPLe who we e e:;-l.oyed as part oC the s:al1.ox eradi-attion cac:ais-n. A%. 

additio:al. 1,300peoDle will be added ior the cold chai and exp.n ded tr ........ 

and deLivery system:. There vill al.o be acddto.a1 w.odest ails in ero"eut 

Cezierated throuh tie multiplier e-,'ects of the d .,cst1c tart. of pro,;ram 

expenditures. The total e:p]-.xerit eL'ects, ai.iro:tCh i-odest, will be 

dLspcrsed re:iotial. Ly. 

V . Income RTstributio:-ai F:f Cects 

'ecause the prora:;A is plained for natiorial coverae the heieL'its wiU. 
be pr'opojt:iotralLy dispersed rcZoa!, and ove' ','an Ewd ruraL pop. Iaos. 

To the 	 exteiit that tetatLIs Js a ruraL disease tihc : jfsei -es:il 1. fPavor -- tr.1. 

areas. On the other hand dirtnieria and lIberc.o's trans: lznon is 

r&aued by cro:.idirii ard these diseases ave toyr-c pro'la~el' [i c1'anr a-eas. 

1.--iiopirig cowch is ub.q-itons Ar, roth tr.:e,Il-:-., .nd aaea. 

http:acddto.a1
http:s:al1.ox
http:Looki.ti
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From the poirit of view of distribution amnig income groups the pror&

is desirable since the largest part of the bevel'its faLl to the toor iri 

which the incidence of childhood diseases is hirrh. 
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NIote to Tabtes I-VII



The Estimation of Cases and Deaths Prevented 

The, Rumber of cases in each age cohort for each year is fouLnd by 

multiplyind. the number of children in the cohort at the timhe of inuminization 

by program ef'Cectiveness times the appropriate attack rate and then by 

the probability of' survival from the initial age of i'munization to the 

year under consideration. The number of deaths is found by raultipLying 

the number of cases by the appropriate case fatality rate. .The estimates



include only the direct effect of immunization.



No adjustment has been made in any of the tables for the possibility



o[" a decrease in vaccine efficacy due to malnutrition.
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Table Ib 

Asswnptions U'hderlying the CaI-culation of Dipther.a 
Cases and Deaths Prevented 

Assumptions- Related to Year oP Program Assu:-pLionrs Related to Age 
Year o' 
Program 

flumber of 
CIA Ldren 

Born 

Program 
Coverage 
in Total 

Programn 
E 'fee
tiveness 

AgeC.3 
Probabi it y Attac', 
of " r " Rate,-,,I C)ng a e 
one year 

Case
Fata~lity 

Rate 3 

Population 

1-979-80 5,800,00o .20 .19 0 .860 .0006 .222 

80 - 81 5,920,0oo .28 .2" L .0021 .204 

81 - 82 6,040,000 .42 .399 2 .963 .0009 .1(6 

82  83 6,16o,oo .50 .473 3 .96 .0010 .143 

83 - 84 6,280,000 .57 .542 4 .N68 .0011 .093 

Assumes a vaccine e,''icacy of .95, Pro'gram effectiveness equals vaccine
efficacy times program coverage.


2 See Table IIIc for a derivation of the attack rate for diptheria.


3 l[ospi.al. Record Survey 1971-1976, I.,.O.H.


http:3l[ospi.al
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Table Ic 

Age 


groups 

0 - 1 

1 

2 

3 

I 

o - 4 


Pstimatioui 

Proportional. 

distribution 

o. faucial. 

ca'in 
 
dse2(i) 
 

.13 


.35 


.16 

.17 


.19 


of" the Attack rate 	for 	 FaDciat Iiptheri.a 

Data ]1.fro:; Avail.abLe 

Age specific 

Schici Test 
 
ieg. Rate 3 

(2) 

.074 
 

.200 
 

.090 
 

.097 
 

.103 

lOO,, Cw-AR=0.57 

infections (col.4), the n.mber o 
age group is L1 of IP3 or 11.1 
cases in each age group (co .5) is 

2 Hospital Record Sur'vey, l;',doneslan 

Ec.ected -:.er of "Imber Age 

.. of dipthe.ia o C cases sneci:ic 
children infections faucial attack 

a pop. in cach diptheria rate 
of 10000 age groupl /10000children 10000 in each



of the 	 ae(6) 
!O1-4 a-e •1)() 	 aegru LO,95 

_ (5) co(3) 

(3)



2500 185 1.4 .0006 
1875 375 3.9 .0021



1875 16) 1.8 .0009 
1875 182 1. 9 .0010 

1875 202 2.1 .00I 

10000 1113 11.1 2 

A. um!inr.. 	
that faucial diptheria for all. age groups represents 1 of aLl diptheria
faucial diptheria cases per 1.00O in the 0.-4 
cases. The rLuLbe " o:" fe;icia!. dilpther'a
estimated ,4,tiolying coL().) time .1.3. 
.inistry of* "ealth, 1i)76, 

3 U;ationvride Schick 	Test Survej, Indo!.-esar .iaristr of Health, 1975 

Model Life Table.



http:dipthe.ia
http:Cw-AR=0.57
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Tab Le ITi 

Assmip ions Jrider!yin- the CalculaLio:n o, Pertussis


Cases and Deaths Preveaited



Ass,.ntions related to year of program Assu -ptions related to a-e 

Year of NJurber of' Program Program Probabitit Atta_-k Case 
Prograa Children Coverage EffecLive- Are o srviving Rate Fatait

born ness one year rate3 

Age 
___ __ 0-1 1-__ __ __ 

1979-80 5,800,000 .20 .08 .16 0 .86o .40 .0275 

-1980-81 5,920,000 .28 .11 .22 1 .968 .16 .019 

1931-02 6,O40,000 .42 .17 .34 2 .963 .03 .019 

1982-83 6,16o,000 .50 .20 .3 .568 .08 .019 

1933-84 16,230,000 .57 .23 .46 4 .963 .08 .019 

1


It is assumed that only .5 of all. newborn children vill be protected by the 
age of six months. The progra.i effectiveness for the first yea.! is therefore 
one half the eL'fectiveness in the 1-5 ae group. 

2
Indonepian fiinistrr of Hfeal.th, Coiu--unicable Disease Center. 

3Approximated b re 'erence to a study in Ken -a by David ..:orl.ey, ;hich indicaLes 
that approximately CTO5 o' al. pertussis mortalii'y occurs in the first year,
and by rererence to a Hospital. Record Survey, JXdonesian ;1inistry of health,1976. 

http:Hfeal.th
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Appendix 

Table IIib 

AssuRIDtions Underlying the Calculation of Tetanus 

Cases and Deaths Prevented 

Assumption Related to Year of Program Ass:±urptions Related to Age 

Year of Number of Program P am Probabilit I Attack Case 
Program Children ffec~ive- A~ of Survivinrr ae , . t!_Coverage2 Prb ivin- iRate5 ..I b o n it4 Ff Fat.. y


orn hess- one year RatP e 

1979-80 5,8ooooo .20 .190 0 .860 .0175 .6


8o  81 5,20,000 .28 .266 1 .63 .0053 .2


81 - 82 6,o4oooo 42 .399 I .963 .0023 .2 

82 - 83 6,16o,000 .50 .478 3 .68 .003 3 

83 - 84 6,230,000. .57 1 .542 4 .93 1.0030 .2 

,.ssw.es a 2.55 growth rate 
2 Progra:n coverage as a proportion of .total children born. 

3 program e.:'ficiency - coverage x vaccine efficacy; vaccine efficacy is .95
4
Infant mortality rate is 14 0/i000; Probability of su'rviving for other ages is

approxiiated from U.S. Department o" Commerce, Levels and TreLds o ortait

in.i c t 1, International Research Doci,..enrt i. 2, Gctober 1975, 
P.9. 

5 !see table IIIC for derivation of the age speciiic aLutck r=Ates. 

6 
'lased on hospital, records, Co:x'municable Disease Center, Indonrvsiar idnistry of 
Health, 1976.





11-27 A.:N -'Ldiz



TLa,: 'e TifL c



CaLW'ations U) E:sbinate Att-L-c' .c 

ifor '1etanus froifl Avw. tijLe Data-

Age Lcoup Proportion Population in 0-..,eof 07 A-e Speciic 
total. tetanus cases age group! cases/ Attac.. Eate 
in each age group2 100,OO 3 IOO,OOO 

=
COL 2 Col 3 CotL col 5 ( 
"col. 3' 

0 ( 1 .21 4ooo 70 .0175 

1 - 2 .05 3003 16 .0053 

2 - 3 .02 3000 7 .0023 

3 - 1 .03 3000 10 O033 

4 - 5 .03 3000 .0030 

5 3o0 213 .0003 

Total 1.00 10000 333



The ;Uirth rate is 4esti:i: ted to be approxiiriate,.- 40*"Oio00 tot.l ooulmation. 
Given an estimrate o" neona.tal. tetnarls of 15/13,3, t:e 'Lnie' of cases oe n1oneat! 
tetanus p2 100,000 to'at& pnpuiatji 'rIti. 6e L.3 (= .1c ,00 eo0naia! tetanusis estimated- to be .i ', at) tetb.L, theerore the tnta ".'er of cases o" 

tetanus per 100,00 population is 33 (= 60/ .18). The number of cases in each


age group per 100,000 total population (column 4) is estimated by multiplying


the prooortion of total tetanus cases in each age group (column 2) by 333.



ecord 
2/
flospita'.-rve, reporLed in unpublished Iudo:eu'a . ,vev::; doc;ve ,,!C76.The use of a hospital. s,rvey ia "i::p!.. a--. trd'es :.at' of e taL te',ra s. 

3,'odel i,Ce Tab .e. 
4Ddo .-iesla n ,, a 1,.is ease !I, Y . v "o ,Ce
Co-. an ic '01e Ce:,te f'r :, ; ", t r a J ,-.v a y 72 



j.F1 

ses 
,-

IM2 

-e_.s 

1 213 

2232 

1_,.-.____i.e1-2 
Canes Detaths 
-,1 

805 I92 

Appendix 

Table IVa 
iumber of Cazes and Deaths Prevented - Tuberculosis, 3CG 

(by year of prevented occurence) 

A-j7 2- A7e 3-4 A"A'c h-5 Me5-6 

Ctse hseaths C e ethsCanes aes csCascs 
Ca 

q'6-7 

1a-., 
Li t12 

Ann: M s 
__

1 

i1"71 

:U 

22 

1!2, 250 W 2(55 7 '5 .177 i21 5 . 7 

:. 4 1" 20 
2-7

2.'3 

I-'2SE 1237-M 

230 

Si 

017 

-

205 

758 

313 

171 

Ph 735 1(5 ; 7 77 

10'5 0L5 102Y 

134C 

222 

236 

897 

P16 

IF,; 

223 

77a~ 

860 

177 

193 

711 

763 

15S

171 1047 2h3 

-A 
:7 

YS 

101". 229 qC4 

c£S4 

219 

222 

831 

S26 

5 

127 

210 

.- *I.( 21h 

lit, 

1272 

14 . 

2 

2. 

10V,7 

115? 

..

"7 

252 

V'3. 

137 

-l ' 

I 

-" - . "I

5.,7

'"" 

1L 

1 1 

I 2." -"7 1 Oh. 

. "J 

- i 
1-17 "1'1: 

: :-
T 1 

21-1 
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Tal'..



Assumpti:. is . . L!sde, . . s



of the ikuIer of' T.uberculosis Cases ar.:1 Deaths


Prevented b- tile Immunization Pc':-ra,. :f(, T



Ass.xiptions r'clated to year of proigra-; Assumutio.,.s Related to Ag.-e 

Year of tumber of Protxawr Prog~ram Pro.bi.iiective C as.1.. ,
Progra Children Covezra-e E''ect've- Age of Surviv':qg Attack Fata1I t:

0 Cen Cness one y'ar 2 Rate 3 Rate 

I979-80 5,800,000 .59 .295 0 .S 0 .00055 .225



8o - 81 5,920,000 .62 .310 1 . 8. .00055 .225



81 - 82 6,0o,0oo .67 .33; 2 .Q .00055 .225



82 - 83 6,160,000 .73 .365 3 .96. .00055 .225



83 - 84 6,280,000 .73 .365 I .b68 .00055 .225



5 .991 .03055 .225



6 .C0 .00-055 .225



7 .991 .00085 .225



.991 .00085 .225


8C.a 

10 .11 .00085 .225



Vaccine efficacy is assuTmted = .5



2LeveLs arid Tiecids o±* ,.ortality in Indonesia$15. to 115-71, .R to,,l Research



3 The ef'ecLive attack rate = the infectn:i rate x the percen-itage of' iai'ectcd cases 
that develop tubercul.osis. For the 0-5 age ;rou. the ThPection rate is .011; :'r 
the 6-10 age group the i;i;'ectLon rate ".s.017: 'r the 1-15 a e ;ro.p the inIectioa 
rate is .053. The uercenta e of ir i'ectlxs deve1op]i._- tle disease is .05 for al.l. 
aje groups. Source: nrotesia:i *.i;is,.' o.£ LPea t.h, (X:-.mricah 1 e aiseasCCez btc 

anc"jni stry of health, C;.,r,ca&.e Ni:'-se Ce'.Uer 
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Tab.e V b
 


A~swamptiozis ,!r~derlying f sti,-tes


' of the idLtber o-. Tubercul.osis Cases ard Deaths



Preveiated by the I uIizat:.oi Prog--a.., :JCG, II



Asswnptiors Related to Year of' Prograam Ass'mqtions Related to Aie 

Year of Nmber of' Progra Program Probability Efil'ective Case 
Program Children Coverage2 EL.ZecL ve.- Age o: Su-rviva. Attacl- FE.ta~ity 

.6-7 years ness to next year Rate4 Ea.ce 

1079-10 4,350,003 .47 .235 16 •91 .00085 .225



8o - 81 4,440,000 .50 .250 7 .991 .000 5 .225



81 - 82 4,530,000 .54 .270 8 .901 .00085 .225



82 - 83 4,620,000 .58 .290 9 .991.225



83 - 84 4,710,000 .59 .295 10 .c92 .035 .225



11. 992 .0029 .225



12 .992 .0329 .225



13 .992 .0029 .225



14 .2 .0029 .225



15 .952 .002 .225



"- of Projected Populatioa 

2 Corrected for the fact that only .8 oC aLl. chldren schoot.enter 
 

3 Vaccirte ef 'icacy = .5



4See ;ootnote three on table 
 IV b 

See rootnote three oa table TI) 

http:uIizat:.oi
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Sw. r '" . Le 
Potentil -;orbldilty and ... , 

the Proposed and 

Ixlluirization Progra::.s 
att!ibutabl.e to J-YA &ad

y e P r D.ptheria 

Cases Deaths 

Peitussis 

Cases Deaths 

Teta,. us 

Cases Deatts Cases 

T o t a I 

Dleaths 

1979-80 639 2.142 :1856o 5104 19283.5 11571 20552, _  1217 

-0  81 2503 609 3881.08 9587 3:.'3 16593 421504 26737 

81 
32 

- 82 
33 

5067 
,8109 

1035 
15c,8 

661670 
95636 

O16062 
22156 

511,4 
67275 

27102 
3-) 

717531 
1021075703 

4419 

33 

04 

- 34 11252 

- 85 11613 

2093 

2340 

1240650 

836633 

23479 

150(.5 

,3.-..5 

30129 

400,-. 

t,)27 

1335297 

8783E0 

71033 

22122 

P5- S' 6n61 976 557359 10509 19216 3-43 53353i' 15403 

J6- 37 

97 'S 

5237 

2517 

624 

271 

395S)06 

205593,]" 

7511 

3JK31 

15362 

7717 

3072 

1542 

415505 

220227 

11207 

5791L 

Tota!.s 5 l 703 j935351420605I t ls 5,7332, 1.9364 3210436 ,114!'13'.41 57-( 74 11 272860 
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Potentia! :'orbidit- and ! itaLit: "ed.,ct.o~i 

attributable to the 2CG Immarizati-n Progr'a:.s 

(Tuberculosis) 

Yeat- of 3CG I (3-14 mos.) -CG II (years) T o t a I 
Bene:it Cases Deaths Cases Deaths Cases Deaths 

1979-80 9141 212 069 1C6 1310 403 

80 -81 138 410 1305 40o6 3703 833 

31 - 82 2765 622 2329 636 5594 1259 

82 - 83 3784 851 3943 887 7727 1739 

33 - 814 4788 1077 503 1145 9876 2222 

34 - 85 4500 1013 7660 1724 12160 2736 

35 - 86 1755 1070 10290 2315 15045 33 .5 

36 - 87 5077 1142 13174 2964 13251 4106 

87 - 83 5407 1217 16321 3672 21723 4839 

83 - 89 5.336 1313 19089 4295 24£25 5&03 

39 - 90, 52117 115622 3515 23869 46 

0 - 91 4047 916 12041 2711 16038 3620 

91 - Q2 2310 632 8133 31 091 262 

92 - 93 1417 319 3902 873 5319 1197 

.ota. 53299 11993 12074 4 27167 174043 3',.1(0 



11-34 

Table VI (cont[rtaed) 

;.orbidi ty and ov:,'ta!ity Reductiorn 

Attributaile to Co:abii ed (DPT+ ;CG+TFT) 

Imunization Program 

Year of AllTarget Diseases 
.eriefit 

Cases 
--

Deaths 
-

1979-80 207334 17225 

a - 83- 425607 27620 

81 - 82 723495 45458 

82 - 83 1024354 59342 

83 - 84 1340085 73305 

84 - 85 882830 24358 
85 - 80 588291 18793 

86 - 87 420932 15313 

87 - 88 225634 10683 

83 - 89 5608 5608 

89 - S90 4696 4696 

90 - 91 3620 3620



91 - 92 21,62 21162 

92 - 93 1197 1197 

To ta t 533"9Ol 313320 
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APPENDIX


Table VII



Cases and Deaths Prevented in Last Year of Plan 
( 83-84 )1 

Diseases Cases Prevented Deaths Prevented



Diptheria 16327 2804


Pertussis 1624915 35782


Tetanus 97372 43298



Total DPT 123Bi1 81884



BCG I 53299 11974


BCG II 25625 5766



Total BCG 78924 17740



Total DPT


+ BCG 1817538 99624



lObtained by following immunized cohorts for the 
1983-84 program year diagonally through tables Ia-Va. 



TzEVIII



3enefits Value of Treatment Costs Avoided by Immunization Program (Rp. x .106)



Y e a r 
DPT Proram. 

-r
edical Traditiona] Total 

Treatnent Sel '..edi
cation 

_CG 

i.edical 
Treatment 

Prograrn 

Traditional 
Self :.edi
cation 

Total !edical 
Treatment 

TotaO P 
- . 

Traditional Total 
Self ,Vedi-, 
cation 

1S79-80 

- 81 

81 - 82 

82_,

- 8 

54 - 85 

154.2 

291.1 

490.8 

631.7 

877.6 

5-3'.0 

23.1 

47.5 

80.8 

114.9 

150.2 

58.8 

177.3 

333.6 

571.6 

79C(.6 

1027.8 

602.8 

7.4 

15.1 

22.8 

3.14 

40.2 

49.5 

2.0 

1.2 

6.3 

8.7 

11. 

13.7 

9.4 

19.3 

29.1 

4o.1 

51.3 

63.2 

186.7 

357-9 

600.7 

836.7 

1079.1 

666.0 

- 8 330.0 65.6 395.6 61.2 16,9 78.1 473.7 

86 

t,7 

- 87 

-

241.7 

13126.9 

46.6 

24.8 

288.5 

151.7 

74.3 

S,.4 

20.5 

24.14 

94.8383. 

112.8 

3 

204.5 

83 

(o 

-

-

-

L 

o 

h101.4 

84.9 

65.5 

2U.0 

23.5 

18.1 

129.4 

108.4 

83.6 

129.4 

108.4 

83. 

_ - o. 44.6 12.3 56.9 56.9 

92 - 93 21.6 6.0 27.6 27.6 

3698.0 652.5 4350. 703.3 1125.8 90. 1 5254. C 

I 

C' 
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;TaW e (Jla 

et''"..r - ~ o _Afoi1ed1':0" of ,hh:rr,Time Spent 

in C.1r. 0 ch .l.d.rem, (Rp. x 

e r I- T - - C G2 T o t a I 

1r 7r).30 (-.7 1.2 70.9 
Pi 31 i14.6 2.6 117.2 

51 - 02 215.2 3.1 2 

32 53 364 .5 5.5 370.0 

3 -. 3. 153.7 7.2 h95.9 

- 5 326.8 9.0 335.8 

C5 - 6 222.3 11.5 23. 

36 - £7 16!.o 14.1 .75.1 

27-3 133-,.2 17.2 1l.I 

:. 23.0 20.0 

, 17.2 17.2 

ro - c1 13.5 13.5 

r1 - 2 9.1I 9..4 

¢.2 It. ',4. 
- - .j° 

Tote !. 

Ass 3..'CsC.'s losL '" . 

SSS ""Cs.. -t!';,S " PC!,' .iJ S 
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Appc.I jrH~x 

!abl.e IT(,. 

Projccbi.on ,f'Dil.y rIet. lka-e Rates 

(Pupiah/day) 

-' e Rea'. Wage" Shadow Wage Rate 
f'or Femal.e l.abor2 

1579-80 3-0 113 

kO.) 367 115 

81 - 82 37); 117 

.2 - 3 382 219 

83 - 84 3.9 122 

81 - 85 397 I24 

85 - 86 405 127 

36 - 87 4i3 129 

87 - 38 421 132 

S- ~ 430 134 

- 90 438 137 

e0 - 1 4+17 140 

91 - 92 456 143 

92 - 03 465 145 

The .re dcriv-d .cs a estimatrpal. r o,, basc.ine o f 313, En./day ipi 
1572 -and an ass,.,.otiorl of a 2, nor year grow:h in ,he real..'age. The wage 
est.nates Are r-eoved ro. an u.rban srve.. 2eca'ise wages tend to be 

highcr i areas these figrures provide an overestimate of the average 
natlonal. ;'3;c. , c Ariual. Tabor -eort American E.,bassy, Jakarl;a, 

lune1977, p.JI . 

r'age See the


disc:?ssion i :,he !e<! ..o' an exptotA)I1i,. 'of the- correction f'actor.


llhe shadoi: s 1ca!'ctulhed as .3125 tines the real. wage. 

http:Projccbi.on
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A; P rrrl i x 

io e to Ta&!r:. X 

Va'ue of' Income Derived Fror.


Prevented 1.'ort;a li ....


I. 	 The ogcearnin;s prorile used in the calcuLation of the present value of
!.ire-time earnins eppears as:



[Ico:le



Y yI 

0--
Age 

o 12 20 	 55 

The 	 follox..ring acn,.1ptiois have been made:



C).- o chid rearing be:Lore 
 age 1? are of'set by the 
consumption 'enefits 
to parents. 

2) 	 At 12 the child enters the labor market at income Y 

3) 	 r'ro-;, age 12 to Pge 2) incoqc increases t n rate of both
r i frou gains in



Procictivi b" and experience up to a 
 nationa" 
 norm for labor at age 20, Y


j) Frn-i 20 to 55 
 income increases 
 ':4th prod? ctivi.,- at rate r 2 (assumed = .04) 

•5) 	 :'. is assu.-cd to be 20,000 Rp./yr1* 
6) 	 1. is assIed to be (30,000 Rp./yr.) e- 110,170 R./yr.


(T..%is lislng the average inconle 
 fol 1976 o' 
 anpoximately 80,000 FP./yr.
end on..n in prodtcbivi-ty of 
.0)1 	 per thet'ea netional averagejinco:ne be 101,7001tl.. Rp./yr. by the time the ne:;. 	entront, who is presently
12, 	 reaches ful1. income at age 20.) 

7) 	 rI = .213 (grorth rate imo!.ied by Y, Y1 ) 
3) = .15 

9he 	 prob--...ty of surviv!- at time t bet::eeri 12b*-033 t I •. pr 	 and, fifty five is approximatedby e .		 c •C 	' .- 00015(,.ore pecisel.y e is the robabiLity density function and
.0'3 is the :'orce of rrtortality at time t.) 2 " 

Ii. From the poirlt of vie;.; of a chiLd oF s,,c 12 in, 177-80 the expected presentvwlue ol' Ut'etime earningr-. can be broken into t:.-o 	 components, the firstderived Lro:, the discounted stream of earnings between 12 and 	 20,/ 	 i~, -it 000,1 tu 

20000 e0 6 22 dt e


01")22
t0622t 

0022 

= 207321 Rp. 



11-40 

&:%rI second deri1,e 'ro:n the disiouuiled s,,-e .-i o ear.linzs !-etf:een 20 tnd 25,ie 

r 2 t -it - 00u8 t"I[ = YI- .e . e .dt 

= 7-dt 	 = _ e _1103 t 11
3 

1 43 	 11o.j t 110170 = 10 

3 	 .1100 8 

= 608635 R. 

The value of the strean of 1.i."etime earnings at aae 12 in 1979-80 is thus: 

V (19WA0) = V=+ V 608635 Rp.12 	 ,-.,, ,., = I + II 

if I. 	 The val.ue o." l.ifeti-me earnings for other ages bet-.ween 12 and 20 is 
obtained simil.arl.y to V1 2 after a siit;.bI.e change of the limits o. 
integration. 

I''. The exoected p-cse value of .ifetime earnings from the point of view,; 

of a chi.1.d age or age a, less than 12, is 

V S V12 
a ( )(12 - a) 

.. , s the probabil.ity a ' survival fro;n age a to age 12 derived from a


.i e table



Value for Vi through V12 in 1979-80 have been calculated and are given 
in table X b. VaLues at eaEli age in subsequent' years are obtained after a 
correction for gains in productivity. 

ISource for the estirte of labor force parti.cipati.on at age 12: 
1.edana, H.; ::oir, H.; Da~iyo, Lpbor Force arnd Labor 1.,tilization in Selected 
Areas in Java0 .es2.!.ts of an exnerimentr.l.s:jrvc$-_ Vol. 1., liational Institute 
o.- -Econom c and Social. Ecsearch, In4otesia, A:guist 1977: 

ard Uor the estimate o:' ,verage a,'7va'. income (1976): 

AID/Inrionesia, Annex to Annual _'udget Subu.ssion FY 1979. 


2 
Sources for sirvi.v;., probabilities: U.S. Depart!ent of' Commerce, Levels and

I II.to 1§771, .nernational Research 
D~cJ:,e: ;b 2, '.("75. 

http:parti.cipati.on
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T;%:,'* X a 

*ene'i:ts - e u rifetL: 7'erni nss f'.frot t Deaths Prevented 

(Ep. x 1o5) 

Y aD P T C G T o t a I 

66.2 1408.61979-0 1348.4 

80 81 23113. 153.7 2407.1 

- 2 h098.6 268.7 4357.3 

82 - U3 57c1,9.7 421.6 6221.3 

83 - 84 7709.0 607.1 8316.1 

84 - 85 3763.7 1110.1 4873.8 

85 - 86 2975.5 1766.1 4741.6 

86 87 2467.6 2491.0 1958.6 

a7- 3 14(3.2 3314.6 4777.8 

(Y, 402.8 4082.3 

80 3)13031. 8 3613.8 

90 - 91 2833.6 2883.6 

91 - 92 2027.0 2027.0 

92 - 131017.4 1017.4



T o t a 1 

The va.tes in the tas&.e represent v D where 

i.sthe ae at .-hicli death is *cetn,,ed, x is tle year in ;:hich the death 
is prevented, V is the presenL liah,.e or the stream of l.ifetime earnings

and D is the ni:T,.r o' death, prevented in age grout, t in year x.
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Appe:'d..: 

Tab 1.e X ) 

Disco'mt.,'d Present Vatue of Iiet!::e Pr.i.nls



Cor an aveC,-AzQ s1r]vriV c}i 1.d in 179 -0OI



in .3L;- ,rro'.ips 0 Lhrotuh 15



V (Rp. x 103 )Age o: Prevented 
Death 

0 80



1. lo9 

2 129



3 154



4 183



5 216



6 251



7 291



.3 333



9 392



10 455



11 531



12 6o9



13 595



2.4 573



15 550



.. he 11.. -,Li.ears S.)*,K'1'nt to 1979-80 can be 
 corrected,-ach 

X
,loI' ,.inp~.r....... Ilk t. 'o , i ty .>:-,n, the v.il.;_s e
...e ; 114. ip in 
 tpb 

by. e ' ;h ec : is the d)cr-- 0" y 'jrr-. 1 79-8) in "1hich tlC


is . Tis corie..... ":as mader2 to the entries in



rr 1c X(L
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APPENDIX


Table XI 

Cost-Benefit Analysis - Total Itmnutization Program (DPT & BCG) 
(Rp. xl 0 ) 

Year Program Costs 1 Program Beiefits 2 

1979-80 2541 1666 
80-81 2654 2972 
81-82 2943 5177 
82-83 3379 7428 
83-84 3623 9891 
84-85 1332 5876 
85-86 5449 
86-87 5517 
87-88 5147 
88-89 4332 
89-90 3739 
90-91 2986 
91-92 2093 
92-93 1050 

Present value 9312 27010


at 15% discount


rate



Benefit/Cost Ratio at 15% doscount rate = 2.90


Net Present Value at 15% discount rate = 17698 ($42,7 million)


Internal Rate of Return = 185%



1 See table 2 in the text


2 This column is the sum of the undiscounted value-)f pr'i :',r.F.



benefits in tables VIII, IX and X.
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Table XII



Cost-Benefit Analysis - DP&TFT Program Only 
(Rp. xl0 

Year Program Costs I Program Benefits 2



1979-80 2268 1589


80-81 2384 2749


81-82 2641 4875


82-83 3052 6961


83-84 3267 9226


84-85 -1311 4693


85-86 3593


86-87 2917


87-88 1702



Present value


at i discount 8337 20021


rate



Benefit/Cost Ration at 15% discount rate = 2.40


Net Present Value at 15% discount rate = 11684 ($28.2 million)


Internal Rate of Return. = 190%



1See table 2 in the text


2 This column is the sum of the undiscounted value of



benefits accruing to the DPT-TFT inoculations. See


tables VIII, IX and X.
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Table XIII



Cost-Benefit Analysis - BCG Program Only



(Rp. x10
6 )



Year Program Costs I Program Benefits2



1979-80 1388 77


80-81 1457 223


81-82 1531 302


82-83 1785 467


83-84 1817 666


84-85 1217 1182


85-86 1856


86-87 2600


87-88 3445


88-89 4332


89-90 3739


90-91 2986


91-92 2093


92-93 1050



Present value


at 15% discount 4728 6989


rate



Benefit/Cost Ratio at 15% discount rate = 1.48


Net Present Value at 15% discount rate = 2261 ($5.45 million)


Internal Rate of Return = 22%



iSee table 2 in the text.


2 This column is the sum of the undiscounted value



of benefits accruing to the BCG inoculations, see


tables VIII, IX and X.
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Table XIV



6 )
Cost-Benefit Analysis of BCG Viewed as an Added Program (Rp. x10



Incremental Program 	 Incremental


Benefits 2



Year 	 CostsI 
 

1979-80 273 77


80-81 270 223


81-82 302 302


82-83 327 467


83-84 356 666


84-85 -21 1182


85-86 1856


86-87 2600


87-88 3445


88-89 4332


89-90 3739


90-91 2986


91-92 2093


92-93 1050



Present value


at 15% discount 808 6989


rate



Benefit Cost Ratio at 15% discount rate = 8.65


Net present value at 15% discount r-te = 6181 ($14.9 million)


Internal Rate of Return = 90%



iSee table 2 in the text 

2 See footnote 2 on table XIII
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Table XV



Cost Benefit Analysis - Sensitivity Test of Total Program



(Rp. x,06 )



Year Program Costs1+20% Program Benefits 2 -50%



1979-80 3050 833


80-81 3169 1486


81-82 3532 2589


82-83 4055 3714


83-84 4348 4946


84-85 -1598 2938


85-86 2725


86-87 2759


87-88 2574


88-89 2166


89-90 1870


90-91 1493


91-92 1047


92-93 525



Present value


at 15% discount 11191 13506


rate



Benefit Cost Ration at 15% discount rate = 1.21


Net Present Value at 15% discount rate = 2315 ($5.6 million)



I Total Program costs in table XT multiplied by 1.2.


2 Total Program benefits in table XI multiplied by .5
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PART III 

D. ECON OMIC ANALYSIS 

Summarand Conclusions 

The economic analysis reported below indicates that the proposed progra. of 
,.-Laria control in the Outer Islands is marginaLly economically viable when 
,evaluated on the basis of quantifiable economic benefits. Under assumptions 
which are intended to represent the most plausible operating conditions 
the benefit cost ratio, evaluated at a 15 , discount rate, is 1.07 and the 
internal rate of return is 17%. The low benefit/cost ratio Leaves little 
margin for inefficiency in program administration or deviation from the 
target.d schedule of population coverage. These results are primarily attri
butabLe to the high cost of program operations, which is caused by the low 
population density and consequently high cost of delivery in the Outer 
Is! ands. 

Offsetting these results is the fact that, as with all health projects, a,
substantial. part of the benefits are humaLitarian but unquantifiable and have 
been omitted from the calculation of the benetit/cost ratio. in addition, 
it has not been possible to incorporate the benefits derived from the contri
bution that mal.aria control in the Outer Islands would make to the encourage
ment of transmigration. Nor has it been possibiLe to include the benefits 
derived from reduced reintroduction of the disease, and thus l.owered control 
costs, on Java- a.i-:4adura, The importance of these o:aitted benefits in 
of''setting the results based on the quantifiable economic benefits is 
judgemental but potentially decisive.



The program would have large employment effects, providing directly for the


training of 20,000 workers. Both the employment and oenet'its would be


dispersed regionally and would have desirable income distributional eff'ects.


Malaria occurs disproportionatef'y in agriculturaL fm.il.ies and the benefits


would favor rural areas (See Annex 8).



I. Introduction



This analysis is intended to give an assessment of the economic merits of


the proposed program of malaria control in the Outer Islands. The anaLysis


cannot be considered a definitive study because of the lack of accurate data


with regard to malaria incidence, fatality rates and health service usage in


the Outer Islands. The parameters used in the analysis are judgemental and 
are based on the opinions of malariol.ogists &-mong the present evaLuation tema 
and consultation with .linistry of HeaLth officia!s. The dif"ficulties in 
conducting this analysis with the available data demonstrate the strong need 
for a basel.ine nialariometric study, based on a stratified random simpLe of" 
both high and low incidence areas in the Outer Islands, bef'ore sizable program 
expenditurea are commenced. Such a stu41y is being planned and Uil aLLo* a 
firm basis upon which to evaluate progranm achievements.



The objective of the proposed program is to reduce the incidence oi' malaria 
in the total. population of the Outer islands from the estimated present
incidence of .1 to a level of .02 over the five years of' the pro rawn. 
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The program is comprised of two parts: 1) a sqrying oceration and 2) drg

treatments 
 for malaria. PFenefits from spraying are derived from the prevention
of morbidity and mortal.ity. Benefits from trea-.ents are derived from the 
reduced severity and duration of the disease through presumptive trea- .tnt 
as well as radical cures.



The incidence of malaria is unevenly distributed throughout the Outer Islands


with pockets of very high incidence, thought to be rAuch greater than .1, and


other ,'eas in which the incidence is low, probably below .02. The theory

under which the proposed program was designed is thaf, by concentrating the


spraying operation on high incidence areas, 
 with 16,00,000 in population,
the incidence of malaria in the sprayed areas will be dramatically reduced


and there will be substantial secondary effects 
 from the reduced transmission


of mal.aria to the remainder of the population. The predicted result is a 
reduction of the incidence of malaria in the total 50,000,000 population to


.02. As the program expands over the five year planning horizon from an

initial level of' 3,750,000 to a 
 final level of 16,00,0oo the proportional
effective coverage in the total pfpulation of 50,000,000 will expaud accordingly 
as given in column (2) of Table 1. The analysis in this paper rests funda
mentally on the vaLidity of these epidemiological assumptions underlying the 
program design.



We have omitted the proposed expenditures and thus the benefits from the


malaria 
 control operation in the DDT resistant areas of Sanjarnegara on

Java in order to obtain a better evaluation of the economic merits of the


progrzm in the Outer Islands ihqch constitutes the bulk of the proposed

project. With this omission the total 
 cost of the Outer jsland program,

including GO[, AID and other contributions, is 2362 x 10 Rp. (q69.1 million)


using 1978 prices.



II. Cost Benefit Analysis 

It is widely recognized that cost benefit analysis is: difficult to apply to


health projects because, although the costs are usualLy concrete, a substantial


proportion of the benefits are intangible. In the present study the intangibl.e

benefits inc!ude the incaLcu!able value of Life and 
 the value of reduced 
But'tering to the person whose illness is prevented and the avoidance of the
sut'ering bereavement and anxiety of' friends and family. The importance of


intangibLe benefits makes it inf'easible to co:pare the results of' a cost-benefit


analysis in the hea!th sector with the result., of analyses of projects in

other sectors of' the economy. NevirtheLess, an analysis based only on tne

tangible and qliantit'iabl.e benefits of a health project is useful since it

'orces recognition of a class of beniel'its - the direct economic benefits



which might other-,iae be overlooked. In addition, although difficulties


stilL remain, the resuLts of' the analysis might provide some guidance in


the comparison of projects 
 within the heaLth sector. 

A. Ec.onomic Cos.ts 

The economic costs are the incremental project costs less the value of capita!.
remaining at the end of the p!anning period. T'he costs represent the s--v of 
expenditures from al-L sources and have been derived f'rom the t'inancial flow 

Tatles 1-7 are incltde:d in tht. Apoer;,ix 
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tables after subtracting a 5% per annum inflation factor and the cost of


expenditures on Java and Bali. The costs, terms of 1978
in prices, are 
given in Table 2.



The foreign exchange component of project costs has been converted to rupiahs


at the current exchenge rate ($1 = 414.5 Rp.). It is plausible to argue

that this rate significantly ov~cvaluea the rupiah, perhaps by 15-25%.


Although illegal markets for foreign exchange do not exist in Indonesia, the 
demand greatly exceeds the supply of import licenses at the current exchanre


rate. NevertheLess the rupiah is, at present, freely convertible and there


appears to be no imminent possibility of devaluation. Rather than malke an


arbitrary choice of'a shadow exchange rate we feel'that it is less misleading 
to use the current exchange rate but to-remain aware that actual cost may be 
underestimated by 10-20%. 

An estimate of the cost effectiveness of the proposed program can be obtained


by using the population data, and the estimates of the number of cases and


deaths prevented, shown in Table 1, together with the cost information on


Table 2. The total cost of the program per person in tie Outer Islands 
(1981 population) is 512 Rp. ($1.23) over the five years of the program or


102 Rp. ($ .25) per person per project year. The estimated average cost per


case prevented or treated2 is 1,841 Rp. ($4.44). The estimated a-,-rage cost


per death prevented is 2,006 , 6 92Rp. ($4,841.24). 

Since the initial program coverage is small, although capital expen • and 
start up costs are large, we have a!so examined the cost effectiven of 
the final year of the program in order to obtain an indication of' th effective
ness of continuing the program beyond the initia start up period. The 
actual cost of 1983 operations, includin: an addition for depreciation on


capital. agcum.uated in prior years less the value of current investments, is


79J4 x 10 Rp. The total cost of operations in the fifth year per person in


the outer isLands in 1983 is 141"Rp. ($ .36). The estimated average cost


per case prevented or treated is 1,636 1p. ($3.95). The estimated average


cost per death prevented is 1,732,262 Rp. (?14,179.16).



B. Economic Benefits



For the present study the economic benefits from malaria control include the


avoidance of incomae Lost from morbidity, the avoidance of the extra caloric 
intake associated with malaria morbidity, the avoidance of treatment costs, 
the avoidance of lost income through premature death and the value of avoided


time in the care of the sick.



kLables 1-7 are included in the annex to the project paper. 

20ver the five years of the program there will be an estimated total of


12,099,000 cases prevented, 2,400,000 malaria cases treated and 13,299


deaths prevented.



http:14,179.16
http:4,841.24
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a. 
 Avoided IncomeLoss from 1,oMorbidity



Income (or production) to society is lost when members of the labor force


are prevented from working or when at work they are less efficient due to

malaria. In the present study, we attempt to measure only the lost output

from Lost work days due to malaria in the labor force. We have assLmed

the rate of unemployment .s nine (9) percent and have subtracted out the


unenployed from the labor force estimates. 
 In addition, we have as-,'r"d

that the rate of underemployment is thirty percent of the labor force and


that the shadow wage, or value of output per day Lost to illness, for the 
underemployed is fifty percent of the real wage for the fully employed1 . 

b. Avoidance of Extra Caloric Intake 

Individuals suffering from a febrile disease require extra calories. For 
malaria the excess caloric requirement is 1,03 kilo calories or 100 grams of


carbohydrates per day for the duration of the attack. 
 We have valued this



.
at 20 Pp. per day 
 

c. Avoidance of Treatment Costs 

3
The treatment costs include the cost of treatment by traditionaL means
 
(J&aiu medicine) as well. as medical care received through seLf treatment


with conventional drugs, outpatient clinics or hospitaiza.-n. These


costs represent an allocation of' resources that would be unnecessary in

the absence of malaria 3 .



d. Value of Income Received from Prevented :.ortalitv 

The discounted val.ue of the expected stream of litetime earnings gives an

estimate of the present value of the stream of' output 
 lost through the


premature death of an individual. We have based our calculation on an


estimate of' the present average per annum income of 80,000 Rp. and an

assumption of a , annuaL increase in productivity. riy using the national

average income, an 
 adjustment 'Ls implicitly made for the possibility of

unemployment and underempl.oyinent. That is, the asswption 
 is that infection 
is approximately random and %,person whose death is prevented by malaria


control may be unemployed, undereinployed or fulLy empLoyed vith probabilities

that are reflected by the present distribution of income. This somewhat


overestimates the va.'ue of this benefit since malaria rate 
 are probably
higher in rural lower income groups for whom ex>osure is greater. 

'For further discussion of this point see GO[/AID/,,O, In Denth Evaluation of 
of the Malaria Control Program- Indonesia August, 1977 Econo -I 
Pp. 88-89 - 9 - L, mic Analysis, 

2 Source: GOI/AID/WHO, In Depth......, Ecorio:rdc An;A'Ly, ... pr. 100. 
3 A 1",76 study of' the marketinm- and consumption o,' jamu nmedicine indicated th,!"t
70-751 of respondents would use jawnu for me-diLction irr-pectiv. oU ;h.ther 
or not modern medic-il care is also received. 0. k -vnd, W. a.har, Y. Anwar, 
B-pprt on f4amk-,ting. and Consunmotion of',Jc... , P. jttsco're, [n.on- i C)I7,

Pp. i-1.


1ALD/Indonsia, Annex to Aiinun iiud..;e,(L S, issic n 1i97.1i 
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e. Value of TimeSpent in Home Care 

The inclusion of this benefit recognizes the econ mic role of women in the 
agricultural household. Over a calendar yea,, the marginal. product oj" both 
mal.e and female Labor may remain substantial throughout the busy season. 
In the slack season off farm employment opportunities may e:cist for men 
but are often limited for women, as a consequence the marginal value of 
female labor time falls severely. In the calcuLations used to derive the 
val.ue of time in home care, we have azsumed that, given the two crop cycles
in Indonesia, the busy season comprises approximately one-fourth of the 
calendar year.



Based on the results of a labor force participation survey we have evaluated


fenale labor time at a shadow wage of one half the average wage during the


busy season and one fourth of the average wage during the slack season1 .


Assuming that the disease occurs randomly over the calendar year (this


probably provides an underestimate of this benefit since malaria is more


prevalent in the busy season) tha value of female time spent in care is


.3125 times the average real wage 2 .



The calculated values of the benefits under alternative assumptions of' six 
and eight days duration of illness per case are given in Table 5 (Appendix). 

C. Results of the Cost-Benefit Analysis 

Three cost-benefit analyses are conducted. A discount rate of 15% is used3 .



1. An analysis is made over the span of the five year program with the


benefits evaluated under the assumption that the average duration of illness,


used in the calculation of avoided income lost, avoided time in care and so 
on, is six days per case (See Part A of Table 5). This assumption is used


because it provides a comparison with the cost benefit analysis of a hypo

thetical malaria program for the Outer Islands conducted in the GOI/ADWH0


In-Depth Review of August, 1977. The 1977 study found th;.t a 2075 x 10 Rp.

($50 million) program eva.uated over a five year progrm span woUld have a


benefit/cost rat.io of 1.63 and an internal rate of return (IRE) of more than


50' . In contrast the results for the present program, suwrnMrized in Table 6, 
are a benefit/cost ratio of .92 and an IMR of'-i4. This is true in spite of' 
the use of slightly higher prices end wages arid the addition of" two mote 
benefit categories (avoided mortality and avoided family care) in the present 
analysis.



1The activity rates for females are appro:dmnately .5 during the busy sea!on 
and .25 - .30 during the slack season, See II. Redmana, I. .oir and Daliyo. 
.abor Force and Labor Force Utl! izsitlion in Se,ecttd A,'eas in Java: vol . 1, 

flational. Ins ti tute of Economic and Socia-L Research, Indonesia, 1977, pg. 77. 
2 ( 1/2 . 1/4 + 1/4 . 3/4 ) .3125 

3A discount rate of 15-18d has been used in other recent cost benecfit ntudies 

in Indoneua. This range appears to approximate the present opportunity cost 
of capital. in Indonesia. 
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In order of importance the major reasons for this divergence are: 

i) The present proposed program is 38o more costly than the program 
considered in the 1977 anal.ysis.



ii) It was assumed in the hypothetical progranm considered in the 1977 
anal.ysig that the incidence of malaria would be reduced to the control


level in the entire population from the first year of the program whereas 
we have assumed that the control level is reached in a proportion of the


to'ul. population that grows over the five years or' the project in accordance 
with the planned growth in program coverage. 

iii) The 1977 analysis assumed a reduction in malaria incidence to .01


whereas the present analysis uses the target rate of .02.



2. An argument can be made that six days is an overly conservative estimate

of the number of days lost to an attack of malaria. The actual ave ige


may be greater due to increased susceptibility to other diseases and


recurrent attacks. To test the sensitivity of the analysis to the duration

of illness assumption we have calculated the benefits using eight days as 
an alternative, and we feel 
 a more reasonable, estimate. 
 The resul.ts of

the analysis using the alternative assumptions are given in Table 7 which


shows a benefit/cost ratio of 1.16 and an IRR of' 25%l. 
 Thus the change in


the assumption changes the results from an unt'avorable benefit/cost ratio

of less than one to a moe favorable value somewhat greater than one, and


we conclude 
 that the anal.ysis is highly sensitive to the assumption regarding 
the duration of il.ness.



3. In the final. cost-bene.it comparison we have kept the eight day dur.ation 
assumption but have made two changes in the analysis vhich are intended to

provide a more accurate description of the actual flow of costs and benefits
under which the program should be eval.uated. First we feel that it is 
erroneous to evaluate the program on the basis of only the initial five 
years since these years include substantial start up costs before the ,iiajor
part of program benet'its begin to be realized. The program is designed to
be continued into an equilibrium control stage which is not reached during
the initial five years. Thus we have conjectUred a probable finv, of costs


and benefits over a ten year period. The path 
 of costs reflacts the fact
that cost can be expected to be reduced graduaLly from a peak in the fifth


through the seventh years to a control-maintenance level of approximately

fifty percent of' pealk expenditures in the tenth year.



The second change is to introduce an efficiency factor. The previous

analyses have assumed that progcram efficiency, i.e. the quality of spraying,

acninistration atid distribution, is Io00:/. In 
 the final analysis we have

assumed that program ef'iciencyl is considerably less than perf'ect in the

initial two years and increases tu a peak l.evel of 85% in the 
 finaL years. 

iThe values for the efficiency rates were choseni in consultation with a team
member having considerabLe experience in the adinistration o[, malaria


control projects.



http:cost-bene.it
http:resul.ts
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Under these assumptions (See Table I) the benelit/cost ratio is 1.07 and


the IRR is 17%. This result, which we feel most clearly reflects the


actual operating conditions, demonstrates the sensitivity of the economic


viability of the program to the efficiency of program operations. This


underscores the importance of program administration and the feasibility 
of the targeted coverage. There is clarLy no margin in these results 
for a failure to meet the schedule of targeted coverage.



D. Two Significant- Omitted Economic Benefits 

The results of the above cost benefit analysis, which shows that the proposed 
program is only marginally economically viable, should be tempered by a 
consideration of two additional classes of benefits which it has not been 
feaaible to include in the time given for this study and which would in any 
case prove difficult to incorporate. The first omitted benefit is that the 
program can be viewed as one component of the necessary infrastructure for 
planned transmigration to the Outer Islands. To the extent that the prograna 
proceeds on target and effectively reduces the level of malaria to .02 in 
the Outer Islands it will encourage transmigration and the settlement of 
new areas and a part of the economic benefits from this economic expansion 
would be attributable to the malaria control program. The second omitted 
class of benefits is derived from the reduced rate of reinfestation on 
Java-Bali-.iadura accompanying inter island population movement. A reduced 
incidence of malaria on the Outer Islands would therefore, potentially


reduce Uecost of control on Java-bali-;Aadura. The importance of these 
omitted benefits is judgementaL but they are potentially sizable enough to 
oi'fset the high cost of the program and provide a highly favorable benefit/ 
cost ratio and IRR. 

III. _hployment and Income Diotribuftional Effectsof the Program 

The program provides for the training and employment of approximately 20,000 
workers involved in spraying, transport, microscopy and a&ninistration.


There will. also be additional gains in emplojmnuat through the multipLe 
ef'Vects of the domestic part of program expenditures and through the 
encouragement of transmigration. The substantial employment effects VrilL 
be dispersed regionally. 

Because the incidence of malaria is higher in agricultural families the 
benefits will favor rural areas. From the point of view of distribution 
among income groups the program is favorable since inco-nes in ruraL areas 
tend to be low. 
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Table i 
 

Cost-tEenefit Analysis with Best Estimate of Program



Efficiency (Quality of Coverage), Programn



L'tended into Maintenance Phase



(Assuming Right Ill Days per Year per Case)


(Rp. x 106) 

Program Costs1 Possible AssLumed Progra 3


(Planned Five Program Programn Benefits3



Year Year Fxpendi- Costs in Efficiency2



tures) Additional.


Five Yeacs 2



1979 4170 .0 1472



1980 4198 .6 2036



1981 5601 .7 4725



1982 6828 .8 7151



1983 7865 .85 9962



1984 78C' .85 10ooo



1935 7800 .85 10000



1986 63oo .85 10000



1937 j 5600 .85 10000



S193 .[ _ 4ioo .85 10000



Present value at


151 discount rate 29130 31630



Benefit/cont ratio at 15% discount rate - 1.07 
Net present vaLue at 15% discount rate = 2200 ($5.3 million)


Internal rate of return = 17%



iSee Table 4 in the appendix. 

2 See the discussion in the tet.



3 The benefits are derived by mul.tiplying, progr.-. efticiency times the yearly 
estimated benefits in Table 5,Part ,". It is -ssa.med that the LeveL of' 
protection in the fifth year is continued into te maintenance phase. 
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Table 1



Number of Cases and DPaths Prevented 

by the Proposed Malaria Program 

Part I. Sprayin 

Year PopulationL Planned Population Cases Mortality



(000) 	 Program Affected Prevented3 Avoided


Coverage2 by Program (0OO)



(proportion) (000) 
() (2) (3)=(I)x(2) (4)- .08x(3) (5)-.O01x(4) 

1979 50167 .234 11739 939 939



1980 51155 .313 16012 1281 1281 

1981 52163 .563 29368 2349 2349 


1982 53191 .750 39893 3191 3191 


1983 54235 1.000 54235 4339 4339 


Part II. Treatment



Year Planned Assumed Number of Mortali y 
'umber of incidence Cases Avoided0 

Prestznntive of malaria Affected 
Treatments in patients5 by treat


(000) treated ment (000) 
(6) 	 (7) (8)=(6)x(7) (9)- .0005 x (8) 

1979 6oo .30 180 	 90 


1980 1000 .24 	 240 120 


1981 11000 .18 	 720 360 


1982 6ooo .12 	 720 360 


1983 9000 .06 	 5110 270 


A population weighted index of' the annualouter island- growth rate, based 
on 1c61-1971 census data, is 1.97%for all of the Prorincea in the Outer 
Islands. Source: Central Bureau of Statistics, Social Indicators - 1973/74. 

2 hased on the program plan from the Ministrj of Health. 
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3 1t is assvned the average incidence of malaria (proportion of population

per year) is .1. The malaria control 
 from the present progra ia ty.rgetedto reduce the incidence to .02 in the covered population. The target of

the progran in thus to prevent a 
 total number of cases eaual to 8J of 
the covered population.

It is important to recognize that the incidence rate is a very uncertain

estimAte. The rates in specific geogrulthic areas will differ markedly.
Rqtes reported from clinics are subject 
 to wide margins of error. More


%over,malariometric surveys in the 
outer islands have not been systematic
and in most island areas we simply do not know the rate of malaria.


Uie .1 rate wan taken from: In-Depth Evaluation of the Malaria Control
Programme - Indonesia, GOI/AlD/WHO Joint Tea, Jakarta, 
 August 1-31, 1977,
Economic Analyses, p. 98. 

4
The true case fataLity rate is unknown. The rate can very greatly depending
on conditions and the relative prevalence of different malaria strains.
We have arbitrarily used a case fatality rate of .001 after consultation


with other tem members and Ministry of Health officials.



5 There is al.most no basis on which to estimate the proportion of treated
patients who will actually have malaria. We have arbitrariLy assumed that


the incidence of malaria in patients treated will be 
 three times theprobnile incidence rate in the population in each of the five program
years. If the incidence is actualLy higher the benefits from treatment 
provided by the planne1 program will be underestimated. 

6 1t is assumed that the case fatality rate -will be reduced by one half by 
tz eatment. 
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Economic Ana!ysis II 

Numbe:r of Cuases Prevented in t:e Labor Force 

Year 	 Labor 
 Labor Caaes Cases in

Forcel Force Prevented Labor Force

(OO) Afrected in Labor Affected


2by Program Force by trelt
(000) (OO) 	 ient 

(000)


() 	 (2) (3)- .08 x (2) () 

1979 	 26298 6153 492 94 


198o 	 26931 8445 676 
 127


1981 27683 15586 1247 382


1982 	 28403 21302 1704 384 

1983 	 29141 29141 2331 290 

37he projections are based on the assutmption that the labor force wil 
continue to grow at 2.6%per annum. Source: ,aterican rnbassy Jakarta's

Annual. Labor Report, June 
 10, 1977, P.3 and GD1/AID/WHO, In Depth .... , 
Economic Analysis, p. 96. 

2Col (2) (tabl.e 1) x Col (i) (table 2). 

3Col (1) (table 2) % Col (1) (table 1) x Col. (8) (table 1) 
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Table 3 

Daily Real Wage Rates



(Rupiah/Day)



Year Wage Rate for Shadow Wage Shadow Wage Rat
for famiily care3 

Employedl Rate for 
 
Undereti21oyed _



l9)79 447 224 10 

1980 457 229 143 

1981 466 233 146 

1982 1175 238 l10 

1521983 485 243 

1 The wage projections are based on an extrapolation of the 1972 wage 
(baseline index - 390). It is assumed that the real wage increases



by two percent per anntm. The wage estimates Pre derived from an



urban survey. because wages tend to be higher in urban area- these


figures provide an overestimate of the average national wage.



Source: Annual Labor Report, American IEmbassy, Jakarta, June 1977,


p. 18 and GOI/ALD/W110, In Depth ...... , Economic Analysis, p. 97. 

2The shadow wage rate for underemployed in assumed to be one half the 

real wage for the employed. 

3The shadow wage for femal.e labor time spent in family care of the ill


includes ais calculated as .3125 times the real wage. This factor 
 

consideration of busy versus slack season labor participatinn rates
 

for women.
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Table 4


Costs by Year of Program
(Rp. x 106) 

Category 


Year Total 

Training Depreciable Wages and 


Equipment Supplies 

1979 567 725 2878 4170



1930 255 412 3531 4198



1981 327 404 4870 5601 

1982 249 257 6322 6828 

1983 208 257 74o0 7865



Total 1606 2055 25001 28662 

Value of


Capital 

remaining 1129 846 1975 

at end of 

five years2 

TotaL costs


1~ess vaLue



of capitaL 477 1209 26687 
at end of 
five years 

The 5 per annum inflation factor used in the financial section has been 

terms presented in this tabLe. These
removed to obtain the costs in reaL 

costs represent the planned program expenditures from a.1. sources (0O 
+ AID + other sources).



2This is the depreciated value of training and equipment at the end of 
five years. An attrition rate of .10 is assumed for the value of training. 
Straight line depreciation,assuwiing a life of six years, was used for 
equipment.
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Table 5 

Benefits from the Planned Malaria Program 

in Outer Islands 


(Rp. 106) 


A. Assuming six days lost per year per case of untreated malaria 

Value of VaLue of Value of Value of Value of Total 
Year Avoided Avoided Avoided Lifetime Avoided Benefits 

Income 
LossI 

Calorie 
Loss 2 

Treatment 
Costs3 

Earnings 
from 

time in 
famil 

Preventei care 
Mortalityi 

1979 1131 127 196 324 178 1956



1980 1581 173 267 432 247 2700



1981 3191 339 490 826 496 5342 

1982 4245 441 662 1090 652 7090 

1983 5583 564 906 1430 857 9340



B. Assuming eight days lost per year per case of untreated malaria



Avoided Avoided Avoided Avoided Avoided Total 

Year Income Calorie Treatzent Mortality time in Benefits 
Loss Loss Costs family



care



1979 1521 172 196 '324 24U 2453



1980 2127 234 267 432 334 3394 

1981 4297 462 490 826 675 6750 

1982 5702 597 666 1090 884 8939



1983 7472 759 906 143o 1153 11720



IThe value of avoided income loss due to spraying is calculated by mutiplying 
the number of cases of maLaria avoided by the average number of sick days 
per yr;ar for untreated maLaria times the average daily real wage rate.


For the underemployed the same procedure is used except that we substitute 
the shadow wage for the wage rate. The value of avoided income loss due to


program treatment is calculated similarly except that v: multiply by the


average number of sick days per year less two days under the assumption that 
there will be an average of two sick days per case receiving program treat

ment. 
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2The value of avoided excess caloric intake attributable to spraying is


the product of the number of cases of" malaria avoided times the cost of


excess rice per day of illness (Rp. 20/day) times the average number of


sick days per year per case. The value of avoided excess caloric intake


attributed to program treatment is obtained similarly except that the 
number of ill days prevented per case is two less than under spraying. 

The value of treatment costs is the sum of drug costs plus outpatient clinic 
cost plus hospitalization cost. Drug cost is obtained by multiplying the


number of cases of malaria who will be self-treated ( .67 of aLl maLaria)

by 125 Rp. (the current cost of chloroquine, 100 Rp., plus 25 Rp. as an


estimated cost of extra Jamu (tritional medicine) taken. Clinic cont is


the number of malaria cases that will be clinic treated (ausumed to be .07) 
multiplied by the cost of one clinic visit (500 Rp.). 
 Finally, a small


fraction of the malaria cases will require hospitalization. We use an


average daily hospital cost of 3,000 Rp. and an average of five days of


hospitalization. 
The estimates of health service usage are subjective

and acquired from consultation with Ministry of HeaLth officials. 


4 The estimated discounted average value of l.ifetime earnings for the

averige death prevented is 314,000 Rp. This is derived 
 as a weighted averagt.


of the value of lifetime earnings from the average prevented death in separate 

age groups. The weights are the proportion of total deaths in each age group

and are derived with reference to a life table for Indonesia and under the 
assumption that the case fatality rate in the 0-10 year age group is approxi
mateLy five times the rate in the over 10 age group. The val.ue of lifetime


earnings at any age is derived by discounting future earnings at a rate of


15%. The age earnings profile used assumes that the average child enters


the labor force at age twelve and receives an entering income of approximately


one fourth the national average. His expected income then increas',o with


maturity and gains in productivity up to the national average at the age of


20. Assuming a horizon of age 55, his income will continue to increase with


gains in productivity (assumed to be Olt per year) from age 20 to 55.


A correction has been made for the probability of survival over time. An


important assumption is that the costs of child rearing before age 12 are

offset by the consumption benefits of children to parents. A detailed


discussion of' the derivation of the present value of lifetime earnings is


given in the appendix to the economic analyse for the Expanded Program of


Immunization in Indonesia (USAID Project Paper).



5It is assumed that the total time spent in care is 20p of Lhe total number of 
ill days. The value of avoided time spent in family care of the ill is thus



.2 times the number of cases prevented times the number of ill days per case


per year multiplied by the shadow wage rate for labor. The of
female nutmber 
 
ill days avoided through progress treatment is two less per case than the


number of ill days avoided through prevention.
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Table 6



Cost - Benefit Analysis of the Planned Malaria



Program in the Outer Islands



(Assuming Six Days Lost)


(Rp. X 100)



Year Program Costs I Program Benefits 

79 4170 
 1956



80 4198 
 2700



31 5601 5342



82 6828 7090



83 5890 9340



Present value at


15% discount 
rate 17320 
 15955



Benefit/cost ratio at 15% discount rate 
 .92


Net present v4Lue at 15% discount rate o-1365 
Internal Rate of Return = -4 

ISee table 4, note that Costs in 1983 are net of the value of capital

remaining at the end of tile planning period. 

2See table 5, part A.
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Economic Analysis



Table 7



Cost-Benefit Analysis of the Planned 
Malaria Program



in the Outer Islands



(Assuming Eight Days Lost)



x 106)
(Rp. 
 

Year Program Costs1 Program Benefits 2



79 4170 
 2453



80 4198 
 3394



81 5601 
 6750



82 6828 
 8939



83 5890 
 11720



Present value at


15% discount


rate 17320 
 20079



Benefit/cost ratio at 15% discount rate = 
 1.16


Net present value at 15% discount rate = 2759 ($6.7 miLlion)


Internal rate of return 
 = 21%



ISee table 4, note that the costs in 1983 
 are net of the value of capital


remaining at the end of the planning period.



2See Table 5, Part B.
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