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FOREWORD 

Previous work on the impact of economic reform in Madagascar has established 
that  policy has an important e f fec t  on agricultural performance, and agriculture 
plays a key role in generating employment and foreign exchange. However, the 
optimal investment s trategy for  agriculture i s  s t i  11 not c lear ,  specif ical ly the 
re1 a t i  ve meri ts  of investing in export crops versus r ice.  The appropriateness 
and e f fec t s  of export cropping versus cash cropping, and the ef fec ts  of each on 
national and household food security and nutrition status have been debated in 
the l i t e r a t u r e .  However, the macro and sectoral trade-offs in terms of national 
and sectoral  income growth, and the impact on employment and income distr ibution 
of a1 t e rna t ive  s t r a t eg ies  have n o t  been suff iciently explored. This question i s  
the focus of t h i s  research paper. 

The approach used t o  address the strengths of a l te rnat ive  investment 
s t ra tegies  in  agriculture i s  based on a semi -i nput-output model, which i s  bui 1 t 
around the  social accounting matrix (SAM) constructed by Paul Dorosh and his 
colleagues a t  the Banque des Donees de 1 ' E ta t  (BDE), reported in CFNPP Working 
Paper 6 .  The original purpose of the SAM was to  form the basis fo r  constructing 
a computable general equil ibrium (CGE) model to  examine the ef fec ts  of economic 
reform on poverty and income distr ibution.  This work wi 1 1  be reported in future 
CFNPP pub1 i ca t i  ons . The semi -i nput-output model that  i s  part icularly we1 1 -suited 
t o  examining the issue of growth linkages, however, serves as an excellent 
example of a spinoff from the time-intensive task of preparing the SAM. I t  
i l l u s t r a t e s  well the cumulative nature of research, and how the investments in 
the empirical exercise of constructing the SAM can have large and meaningful 
external i  t i e s .  

The r e s u l t s  in t h i s  paper indicate strong linkages for  both paddy and export 
crops, incl  udi ng coffee, vani 11  a ,  and cloves. Nonetheless, increases in r ice  
production will  cost l e s s  than increases in export crops. A rice-based 
agricultural  growth strategy i s  therefore recommended. A fur ther  argument fo r  
the r ice  s t ra tegy i s  tha t  i t  generates greater employment and resul t s  in a more 
equitable income dis t r ibut ion .  

The sponsorship of the World Bank fo r  constructing the semi-input-output 
model i s  acknowledged, as  i s  the assistance of the U.S. Agency f o r  International 
Development who underwrote the costs of preparing the SAM. 

Washington, DC 
January 1992 

David E .  Sahn 
Deputy Di rector ,  CFNPP 



1. ISSUES 

What a g r i c u l t u r a l  growth s t r a t e g y  wi 11 generate  t h e  g r e a t e s t  s p i n o f f s  in t h e  
Malagasy economy? Will continued investment in  r i c e  production y i e l d  highest  
income m u l t i p l i e r s ?  Or w i l l  investment i n  c o f f e e  and o t h e r  expor t  crops 
s t imulate  g r e a t e r  domestic growth? 

In t h e  1970s and 1980s, t h e  Malagasy government invested s i z a b l e  sums i n  
large-scale  i r r i g a t e d  r i c e  per imeters ,  such a s  Lac Alaotra ,  a s  we1 1 as in  
increased production of expor t  crops,  p a r t i c u l a r l y  cof fee .  Many now argue t h a t  
a heavier emphasis on expor t  crops w i  11 y i e l d  t h e  g r e a t e s t  prospects f o r  long-run 
growth. 

The food crop versus expor t  crop deba te  a t t r a c t s  considerable  a t t e n t i o n  in 
a primarily a g r i c u l t u r a l  country such a s  Madagascar s i n c e  a g r i c u l t u r a l  investment 
p r i o r i t i e s  shape t h e  s c a l e  and nature  of o p p o r t u n i t i e s  avai  l a b l e  throughout t h e  
economy. Consequently, a f i rm understanding of t h e  t r a d e o f f s  involved i n  
a1 t e r n a t i v e  growth paths provides a fundamentally important input  i n t o  publ i c  
deci sionmaki ng. The government's recent  commi tment t o  economic 1 ibe ra l  i za t ion  
re inforces  pol i  cymakers ' need t o  p red ic t  t h e  consequences of a1 t e r n a t i v e  growth 
s t r a t e g i e s  on publ i c  revenues, national income, employment, income d i s t r i b u t i o n ,  
and t h e  s e c t o r a l  composition of growth. 

Thi s  1 i nkage between a g r i c u l t u r a l  performance and t h e  overal l  health of 
Madagascar's economy has 1 ong been recogni zed by Ma1 agasy pol i  cymakers. 
According t o  t h e  National Agricul tura l  Plan,  w r i t t e n  i n  1984: 

Agricul ture  has genera l ly  stagnated i n  t h e  course  of t h e  l a s t  decade, 
inducing a s e r i o u s  breakdown of t h e  n a t i o n a l  economy. Because of the  
s tagnat ion of production and i t s  consequences - t h e  dec l ine  in  food 
a v a i l a b i l i t y  - a g r i c u l t u r a l  . . . s u r p l u s  decl ined and commerce 
between farmers and o ther  soc ia l  groups diminished. The bas ic  food 
needs o f  t h e  population had t o  be met by imported goods. This 
di  sequi 1 i b r i a  c o n t r i  buted t o  an aggravated bal ance of payments 
d e f i c i t ,  inducing t h e  importation of production goods and 1 imi t i n g  t h e  
resources earmarked f o r  soci  a1 and economic devel opment (Pl an National 
Agricol e 1986, 1508). 

Despite t h e  awareness of t h e  l inkages  between a g r i c u l t u r e  and t h e  r e s t  of 
t h e  economy, a g r i c u l t u r a l  pol i c y  a n a l y s i s  has remained focused on sectora l  
outcomes. In p a r t ,  t h i s  i s  due t o  a l a c k  of da ta  and of an appropr ia te  
method01 ogy with which t o  conduct q u a n t i t a t i v e  a n a l y s i s .  



The recent construction of a social accounting matrix (SAM) f o r  Madagascar 
(Dorosh e t  a l .  1991), based on the de ta i led  1984 national accounts, provides a 
new and powerful analyt ical  tool f o r  addressing these and re la ted  issues. The 
SAM organizes the avai lable  data in  a cons is ten t  framework and t h u s  enables 
pol icy ana lys ts  t o  evaluate the re1 at ionshi  ps among economic sec tors ,  households, 
government, and the  r e s t  of the world, making possible a wide range of analyses. 

This paper develops a model f o r  project ing the income and employment 
consequences of a l t e rna t ive  agricul tural  growth s t r a t eg ie s  using the SAM as a 
framework f o r  modeling the relat ionships among agr icu l ture  and the r e s t  of the 
Malagasy economy. Given current options under review, the paper focuses on the 
t radeoffs  between export crops and r ice .  



2. MODELING THE CONSEQUENCES OF AGRICULTURALLY INDUCED GROWTH 

OVERVIEW OF THE MODEL 

Agricultural growth stimulates demand for  production inputs and f o r  the 
consumer goods required by farm households. Because of these twin sources of 
demand, investment in agriculture generates not only direct  income growth on the 
farm b u t  a lso indirect increases in demand for  nonagricultural goods and 
services. Where excess capacity exists ,  the increased demand t rans la tes  i nto 
higher o u t p u t  and consequently higher nonfarm incomes. Thus the to ta l  income 
gain generated by agricultural growth includes the direct  farm income plus the 
indirect  earnings generated in other sectors. 

The measurement of these indirect effects  requires a model that r e la tes  
sectoral output, household income, consumer demand, and interindustry input 
1 i nkages. Since supply responsiveness across sectors determines how effectively 
growing demand wi 11 translate into increased domestic output and income, any 
model must make clear assumptions about supply e l a s t i c i t i e s  i n  a l l  sectors of the 
economy. 

One option, the input-output model, embodies the c lass ic  approach t o  t h i s  
question. I t  s e t s  to ta l  supply in each sector (Z) equal t o  the two sources of 
demand, i nteri  ndustry i n p u t  demand (AZ) and final  consumpti on demand (F) . Final 
demand incl udes consumption by households (BY) and exogenous sources of demand 
such as exports (E). The value-added share ( v )  in gross commodity output (Z) 
determines income (Y) : 

Presuming supply t o  be perfectly e las t i c  in a1 1 sectors, total  output and 
incomes become determined by the level of exogenous demand (E): 

Because they assume perfectly e las t ic  supply in a l l  sectors, input-output 
models overestimate output responses following from any intervention. Yet i n  
rea l i ty ,  in most developing countries some sectors face supply constraints. This 
i s  especially t rue  for agriculture, where lack of land, labor, r a i n f a l l ,  and 
technology frequently l imit  output. By ignoring supply constraints altogether, 



input-output models typical ly overstate agricultural growth mu1 tip1 i e r s  by a 
factor of two t o  ten (Haggblade, Hammer, and Hazel1 1991). 

A more r ea l i s t i c  approach, and the one adopted here, i s  t o  use a 
semi -i nput-output (510) model. Whi 1 e retaining many of the basic assumptions of 
the I0 approach, the SIO model differs  in that  i t  introduces supply ri i d i t i e s  
in some sectors.  The following two equations, contrasted with (1) and (27 above, 
capture the SIO model ' s  essential dist inction.  By classifying a1 1 economic 
sectors as e i the r  supply constrained (Z,) or perfectly e las t i c  in supply (Z ) ,  
the SIO model permits output responses only in some sectors (Z ).  In suppfy- 
constrained sectors ( I , ) ,  increases in domestic demand merely rebuce net exports 
( E l ) ,  which then become endogenous to  the system: 

Z1 = AIZ + BlvlZ + El 

Z, = A,Z + BzvzZ + E,; 

For a formal exposition of the SIO model, see Appendix B .  

The SIO model used here i s  buil t  around a condensed SAM that includes 12 
commodity accounts, 15 ac t iv i t i e s ,  6 household groups, 1 other nongovernment 
ins t i tu t ion ,  the government, the rest  of the world, and 1 capital account (Table 
1 ) .  Appendix A presents the SAM and describes how i t  was constructed from the 
larger SAM developed by the Cornel 1 University and BDE team. 

The SIO model i s  described graphically in Figure 1. For simplicity of 
exposition, i t  collapses the 12 SAM commodity accounts s t i l l  further, in to  the 
fol 1 owing three categories: (Z,) paddy; (2,) other suppl y-constrai ned 
commodities including tradables such as coffee, industrial crops, minerals, and 
formal manufacturing; and (Z3) commodities highly e las t i c  i n  supply including 
nontradabl es such as services, informal industries, perishable agriculture, plus 
the tradables such as vanilla and cloves. 

Fol 1 owing a1 ong in Figure 1, consider the consequences of pub1 i c investments 
in paddy production. The immediate impact of rehabi 1 i ta t ing small i r r igated 
perimeters or investing in large-scale irr igated r ice schemes . i s  t o  increase 
paddy supply. In Round 1, th is  directly raises farm income by FMG 0.49 fo r  every 
FMG 1.00 of increased paddy supply. This d i rect  injection tr iggers a se r ies  of 
responses t ha t  increase income even more. 

In Round 2,  the economy registers increased demand for  the inputs used i n  
paddy production plus increased farm household spending on consumer goods. These 
twin channels increase domestic demand for paddy, other supply-constrained 
tradables and the highly e l a s t i c  supply of nontradabl e domestic services, 
informal manufactures, and perishable agricultural commodities. For paddy and 



Table 1 -Madagascar: L i s t  o f  SAM Accounts 

SAM Row Accovl ts Supply ~ l a s t i c i +  

A c t i v i t i e s  

1. Paddy, i r r i g a t e d  low-input 
2. Paddy, i r r i g a t e d  high- input 
3. Paddy, r a i n  fed  
4. Coffee, low-input 
5 .  Coffee, h igh- input  
6. Vani l la  and cloves 
7. Nontradi t ional  export crops 
8. I ndus t r i a l  crops (cotton, groundnuts, sugarcane) 
9. Other ag r i cu l t u re  ( l ivestock,  tubers, perishables) 

10. Mining, energy, and water 
11. Rice m i l l i n g  
12. Formal manufacturing 
13. Informal i ndus t r i es  
14. Pr iva te  services (comnerce, const ruc t ion ,  services) 
15. Publ ic services 

16. Paddy 
17. Coffee 
18. Vani l la  and cloves 
19. Nontradi t ional  export crops 
20. I ndus t r i a l  crops 
21. Other ag r i cu l t u re  (Livestock, tubers, perishables) 
22. Mining, energy, and water 
23. Rice 
24. Formal manufacturing 
25. Informal i ndus t r i es  
26. Pr iva te  services (comnerce, construct ion,  services) 
27. Public services 

28. Large urban areas 
29. Secondary urban centers 
30. Large farms 
31. Small farms 
32. Rural nonfarm poor 
33. Rural nonfarm r i c h  

34. I n s t i t u t i o n s  (corporations, f i n a n c i a l ,  nonpro f i ts )  

36. Rest of the  world 

37. Capital  

a 0 = ine las t ic :  * = e las t i c .  



Figure 1 - Graphic Representation of Multiplier Effects 
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other supply-constrained tradables, th i s  increase in demand does not stimulate 
further domestic production. I t  merely decreases net exports. In contrast,  
because of the e l a s t i c  supply of nontradables, increased demand leads t o  higher 
output and higher domestic incomes in these other sectors, most of them outside 
of agriculture. 

The increased production of commodities with e las t i c  supply (Z3) once again 
raises demand for  production inputs and consumer goods. In Round 3,  th i s  
increases demand in a1 1 three sectors. As before, production of paddy and other 
supply-constrai ned commodi t i  es does n o t  increase. Instead, net exports decrease 
s t i l l  more. For t h i s  reason, as Equation (4)  indicates, exports in these 
supply-constrained sectors  become endogenous t o  the model. Yet once again, 
o u t p u t  and incomes r i s e  i n  the ac t iv i t i e s  with highly e las t i c  supply. This 
induces further rounds of successively dampening demand increases. 

In t o t a l ,  the indirect  ef fects  of the irr igation investment, from Rounds 2 
on, stimulate another FMG 1.31 in national income. Thus the total  increase 
resulting from paddy investments equals 0.49 + 1.31 = 1.80. 

Investments in coffee production wi 11 generate the same sequence of events. 
They d i f f e r  only in t ha t  the shock, the i n i t i a l  supply increase, will occur in 
sector Z , in coffee production. Since coffee generates different input demands 
than and a d i f ferent  distr ibution of income, the second round demand sh i f t s  
will d i f fe r  from the paddy results  in both composition and magnitude. 
Ultimately, the total  income gain will also be different. 

The experiments in Section 3 aim to  measure these differences under an array 
of possible scenarios. 

UNDERLYING PREMISES 

The SIO model fa1 1 s in to  the general family of l inear,  fixed-price models. 
For the SIO model t o  generate sensible predictions, each of these characterist ics 
must offer  reasonable approximations of real i ty .  

Linearity 

As with many kinds of economic models, the SIO requires that  a l l  
relationships be expressed as 1 inear functions. For intermediate inputs, t h i s  
standard assumption suggests that  increases in o u t p u t  require additional inputs 
in fixed proportions. For household consumption, i t  requires that  consumption 
expenditures r i  se a1 ong with income. A1 though margi nal expenditures or i n p u t  
demands may d i f fe r  from the average, the increments must be expressed as l inear 
functions of output and income. 

In general, t h i s  simplification does not pose great problems. Nonlinear 
systems can be approximated by l inear  functions in the short r u n .  And they offer  
considerable conveniences in computing model solutions. 



Fixed Pr ices 

Fixed prices 1 i kewi se vastly simpl i fy computational requi rements by 
sidestepping cumbersome issues of substitution in production and consumption. 
Input-output coefficients  and marginal budget shares, which remain fixed in a 
fixed-price world, become endogenous variables i n  a world where re1 a t i  ve prices 
vary. While computational convenience i s  not a strong ra t ionale  f o r  imposing 
fixed prices,  i t  does of fer  a strong incentive t o  invest igate the p laus ib i l i ty  
of such an assumption. 

For tradable goods, most analysts agree tha t  the fixed-price assumption i s  
appropriate in small countries. World markets will determine t h e i r  price level. 
Madagascar, a small country, takes world prices as  given in  a l l  markets except 
vanilla and cloves, which account for  over half of i t s  world trade.  We will 
return t o  the price fixing of vanil la  and cloves in a moment. 

For nontraded goods, such as services, i nformal manufactured goods, and many 
perishable agricultural commodities, fixed prices depend on the abi 1 i t y  of f i  m s  
to  increase output a t  constant cost .  Formally, t h i s  requires a perfect ly e l a s t i c  
output supply. Because of the considerable unemployment and excess capacity in 
Madagascar, especi a1 ly in the 1984 base year for  which the SAM was constructed, 
the constant cost assumpti on appears to  be a reasonable approximati on of real i ty. 

Vanilla and cloves, too, even though they are  t radable commodities, are 
highly e l a s t i c  in supply. Essentially wild gathered crops t h a t  require primarily 
harvesting labor, t h e i r  output can be increased a t  constant cost  so long as wage 
ra tes  do not r i s e .  Given current underemployment, i t  appears tha t  vanil la  and 
clove supply can be considered highly e l a s t i c ,  a t  leas t  i n  the  short  run. 

A t  some point, as expansion and 1 i beral ization proceed, supply constraints 
may develop in some of Madagascar's nontradable sectors.  When t h i s  day arr ives,  
the SIO model will overstate income mu1 t i p l i e r s  emanating from agricultural  
growth. Consequently, some s o r t  of adjustment will be required t o  capture the 
i ncome-dampeni ng effects  of the inflat ion tha t  w i  11 fol 1 ow. Recent experiments 
suggest tha t  in the face of upward-sloping nontradable supply, SIO models 
overstate t rue  income mult ipl iers  by 10 t o  25 percent (Haggblade, Hammer, and 
Hazel1 1991). So the simpl e s t  accommodation would involve rule-of-thumb 
discounting based on these resul t s .  A t  the other extreme, analysts  may wish t o  
apply a fu l l  -blown computable general equilibrium model, such as the one being 
developed by Cornel 1 University i n  conjunction with the Mi ni s t ry  of Plan. 

OTHER APPLICATIONS 

The SIO model developed here i s  applied purely t o  examine the  re la t ive  
merits of a1 ternat i  ve agricultural development s t ra tegies .  I t  focuses on the 
income and employment consequences of r i ce  versus export crop strategy.  Yet i t  
can serve many other needs as well. 

Because i t  provides a consistent s e t  of fu l l  SAM accounts, analysts  can use 
the model, or  some modification of i t ,  t o  generate new balanced SAMs resulting 



from a wide variety of exogenous shocks to  the economy: sh i f t ing  investment 
demands, growing export markets, changing tax ra t e s ,  sh i f t ing  consumption 
preferences, investments i n  other sectors  of the economy, o r  new technology in 
a given sector.  Similarly, building the model around a fu l l  SAM permits a 
projection of the impact of these shocks on government revenues, income 
distr ibution,  trade balance, and savings. A1 though more d i f f i c u l t ,  i t  i s  
possible t o  t race the ef fec ts  of exogenous price shocks, a change i n  coffee 
prices, fo r  example, a s  they percolate through the economy. Easiest of a l l ,  the 
model can readi ly exami ne the consequences of investment in nontraditional export 
crops as opportunities and options a r i se .  



3.  RESULTS 

INCOME AND EMPLOYMENT IN THE MOST LIKELY SCENARIO 

As a p o i n t  of d e p a r t u r e ,  t h e  base run models what observers  cons ide r  t h e  
most l i k e l y  sources  of a g r i c u l t u r a l  growth: those focused on improved small 
farmer technology.  High-input technology, and i n  t h e  case  of r i c e ,  
r e h a b i l i t a t i o n  of small - s c a l e  i r r i g a t i o n  perimeters r a t h e r  than ra in-fed 
c u l t i v a t i o n ,  seem t h e  most v i a b l e  avenues f o r  f u t u r e  public investment. 

In a d d i t i o n ,  t h e  base run assumes t h a t  consumers spend add i t iona l  income i n  
t h e  same way they  have i n  t h e  p a s t ,  t h a t  i s ,  t h a t  average budget sha res  equal 
marginals,  and t h a t  savings  i s  not t r a n s l a t e d  i n t o  investment expendi ture  i n  t h e  
s h o r t  run. That i s ,  i t  cons ide r s  investment t o  be exogenous. 

Under t h e s e  assumptions,  a FMG 1.000 inc rease  in  paddy output  wi l l  genera te  
a GDP i n c r e a s e  of FMG 1.802, while a s i m i l a r  boost i n  coffee  output  wi l l  produce 
FMG 1.974 i n  n a t i o n a l  income (Tab1 e 2) . Vani 11 a and cloves,  demand cons t ra ined  
un l ike  t h e  o t h e r s ,  wi l l  genera te  FMG 2.041 in  GDP following an exogenous FMG 
1.000 i n c r e a s e  i n  expor t  demand. Employment wi 11 increase  by 2.9, 2.6, and 2.6 
jobs ,  r e s p e c t i v e l y ,  f o r  each FMG 1 mil l ion increase  i n  output .  

Although expor t  crops  achieve 10 t o  15 percent g r e a t e r  income growth than 
does paddy, t h e  downstream - o r  mu1 t i p l i e r  - e f f e c t s  a r e  e s s e n t i a l l y  t h e  same. 
The i n i t i a l  FMG 1.000 i n c r e a s e  i n  export  crops simply represen t s  a g r e a t e r  
ini t i  a1 i n j e c t i o n  of val ue added. For t h a t  reason, t h e  val ue-added mu1 t i p 1  i e r s  
rank t h e  t h r e e  crops  i n  r e v e r s e  o rde r .  

Compared t o  o t h e r  Afr ican c o u n t r i e s ,  t h e  value-added m u l t i p l i e r s  computed 
f o r  Madagascar a r e  high, 2.0 t o  2.7, compared t o  1.3 and 1.5 found elsewhere 
(Haggblade, Hazell , and Brown 1989; Haggblade and Hazell 1990; Lewis and 
Thorbecke forthcoming) . This may be because o the r  s t u d i e s  have considered only 
ru ra l  r e g i o n s  r a t h e r  than t h e  f u l l  na t ional  economy. Whi 1 e expendi tures  o u t s i d e  
the  r u r a l  r eg ion  represen t  leakages in  a regional  model, they represen t  income 
gains  f o r  t h e  na t ion  a t  l a r g e .  

The g r e a t e r  empl oyment generated by paddy i s most pronounced among unski 1 l ed  
workers. Because paddy production i s  r e l a t i v e l y  more labor  i n t e n s i v e ,  a FMG 1 
mil 1 ion i n c r e a s e  i n  paddy supply genera tes  2.757 jobs f o r  unsk i l l ed  workers, 
compared t o  on ly  2.392 jobs  f o r  unsk i l l ed  workers r e s u l t i n g  from a FMG 1 mill  ion 
inc rease  i n  c o f f e e  supply (Table 3 ) .  This t r a n s l a t e s  i n t o  a more e q u i t a b l e  



Table 2 - Madagascar: Income and Employment Mu1 t ip1 i e r s  f o r  Small Farm 
Agricul tural  Growth 

Result of a FMG 1.000 Increase in Each of the Fol lowina: 

Vanilla and Clove 
Paddy Supplya Coffee supplyb Export Demand 

National income 1.802 1.974 2.041 

Empl oyment 2.929 2.639 2.617 

- 

a Small i r r i g a t e d  perimeters using f e r t i  1  i z e r s  and improved va r i e t i e s .  

High-input small farm production. 



Tab1 e 3 - Madagascar: Mu1 t i p l  i e r  Decomposition Under Improved Small 
Farmer Techno1 ogy 

Effec t  of a FMG 1.000 Increase 

Paddy Coffee Vani 11 a/Cloves 
SuPPl Y SuPPl Y Export Demand 

Change in national income 

I n i t i a l  d i r e c t  increase 

Mu1 t i p l  i e r  e f f e c t s  

Total income increase 

Value-added mul t ip l i e r  

Change in employment (jobs per 
mil l ion FMG) 

Ski 11 ed workers 

Semi ski 11 ed workers 

Unski 11 ed workers 

Total 

Note: High-input paddy and coffee production, investment exogenous, average 
budget shares,  1984 world pr ices .  Equi val e n t  t o  improved techno1 ogy f igures  
in  Tables 2 and 3. 



distr ibution of income as well (Table 4) .' Urban households and government earn 
a large share of the income generated from export crops; rural farm households 
gain half of the income generated from paddy production (0.904 out of 1.802). 
This difference in income dis t r ibut ion  a r i ses  largely because 45 percent of 
export crop value accrues t o  the government and traders as  commodity taxes and 
commerci a1 margins. 

The sectoral impact of growth in a l te rnat ive  agricultural  commodities i s  
s t r i k i n g l y ,  s imilar  (Table 5).  Private services a t t r a c t  by f a r  the largest  
component of agricultural  demand linkages. Industries other than formal 
manufacturing also grow rapidly in the  wake of agricultural expansion. So does 
other agriculture,  which consists mainly of perishable foods. The important 
development in production of mi 1 k ,  hort icul tural  crops, and tubers in the 
Hauts-Pl ateaux since the  recent 1 i beral i za t i  on underscores the importance of 
demand linkages in stimulating production of these nonfood items. I t  suggests 
that  agricultural  investment s t r a t eg ies  focused on paddy or  export crops will 
contribute, through demand 1 inkages, t o  broader agricultural  growth. 

Only public service growth d i f f e r s  across the three crops. Because of the 
large share of tax revenue in export crop earnings, and because we assume that  
government spends new income as i t  has spent past revenue, t h i s  resul t s  in large 
increases in the c i v i l  service payroll as  output of export crops increases. 

The predominance of consumpti on 1 i nkages over demand for  intermedi ates 
explains the  s t r ik ing simi 1 a r i  ty in sectoral growth across agricultural 
s t ra tegies .  Of the two sources of demand linkages - demand fo r  intermediates and 
f inal  consumer goods - consumpti on 1 in kages dominate, accounting for  80 percent 
of to ta l  mu1 tip1 i e r  e f fec t s  induced by agricultural  growth (Table 6 ) .  Because 
of the overwhelming importance of consumption linkages, any strategy that  raises 
farmer income induces broadly simi 1 a r  subsequent consumption expenditure. 

CONTRASTING EXPERIMENTS 

Under a range of a l te rnat ive  assumptions, the income and employment 
responses are  s imilar  t o  those of the  base run. In part icular ,  low export 
prices2 and a regime of export tax reduction a l t e r  the multipliers very 1 i t t l e .  

' The low export tax ra te  scenario shown in Table 4 i s  discussed l a t e r .  

The base year f o r  our SAM i s  1984, a year of moderately high export crop 
prices. Since coffee and vanil la  prices have fa l len  40 percent since then, i t  
becomes important t o  establish whether or  not projections will d i f fer  under more 
current conditions. To do so, we require a balanced SAM under a regime of low 
export prices as  our point of departure. To obtain one, we have assumed tha t  
government export taxes diminish t o  absorb any f a l l  in export prices. This 
accords with stated pol icy and with the  evidence in Figure 2. We reduce both 
government export tax revenues and export value by the 40 percent f a l l  in price. 
To balance the government and r e s t  of the world accounts, we assume the 

(continued.. .) 



Table 4 - Madagascar: Income Distr ibut ion Effects  of Small Farmer-Led 
Agricultural Growth 

Effec t  of a FMG 1.000 Increase in  Each 
of t h e  Following: 

Paddy Coffee Vani 11 a/Cl oves 
supply Supply Export Demand 

H I G H  EXPORT TAX RATE 

Household income 
Large c i t i e s  
Secondary towns 
Large farms 
Small farms 
Rural nonfarm, poor 
Rural nonfarm, r ich 

Total households 

In s t i t u t i ons '  income 
Government share of national income 

Total national i ncome 

LOW EXPORT TAX RATE 

Househol d income 
Large c i t i e s  
Secondary towns 
Large farms 
Small farms 
Rural nonfarm, poor 
Rural nonfarm, r ich 

Total households 

In s t i t u t i ons '  income 
Government share of national income 

Total national income 

Source: Model simulations.  

Note: The government's share  of national income i s  the  value added i t  rece 
from taxes on commodities and production a c t i v i t i e s .  I t  does not include 
revenue they receive from corporate and household income taxes.  

i ves 
the 



Table 5 - Madagascar: Sectoral  Composition o f  Small Farmer-Led Ag r i cu l t u ra l  
Growth 

E f f e c t  o f  a FMG 1.000 Increase 

Paddy Coffee Vani 11 a/Cloves 
Output Change i n  Each Sector supply Supply Export Demand 

Paddy, 1 ow-i nput 

Paddy, h i  gh- i  nput 

Paddy, r a i n  f ed  

Coffee, 1 ow-input 

Coffee, h igh- inpu t  

Vani 11 a, c l  oves 

New expor t  crops 

I n d u s t r i  a1 crops 

Other a g r i c u l t u r e  

Mining, energy, water 

Rice m i l l i n g  

Formal manufactur ing 

Other i n d u s t r i e s  

Pr i va te  se rv ices  

Pub1 i c serv ices  

Source: Model s imulat ions.  



Table 6 - Madagascar: Share of Consumption Linkages in  Total M u l t i p l i e r s  

Ef fec t  of a FMG 1.000 Increase  

Paddy 
Supply 

Current technol ogy mix 

1. Consumption p l u s  production l inkages 
a .  Total income gain 2.062 
b.  Di rec t  0.579 
c .  I n d i r e c t  1.483 

2. Production 1 inkages only 
a.  Total income gain 
b .  Di rec t  
c. I n d i r e c t  

3 .  Consumption 1 i nkages 
a .  I n d i r e c t  income ( lc-2c)  1.259 
b.  As share  of t o t a l  m u l t i p l i e r  (3a/lc)  84.9% 

High-i nput technol ogies  

1. Consumption p l u s  production l inkages 
a. Total income gain 1.802 
b. Di rec t  0.492 
c .  I n d i r e c t  1.310 

2. Production 1 i n  kages on1 y 
a.  Total income gain 
b. Di rec t  
c .  I n d i r e c t  

0.219 
3. Consumpti on 1 i nkages 

a.  I n d i r e c t  income (lc-2c) 1.091 
b. As s h a r e  of t o t a l  m u l t i p l i e r  (3a/lc)  83.8% 

Coffee Vani 1 1 a/Cl oves 
Supply Export Demand 



Assumptions about investment behavior do, however, a f f e c t  the mu1 t i p 1  i e r s .  
Since most 1 i nkage s tudies  take investment expenditures as  exogenous ,3 we adopt 
t h a t  as  our  defaul t  assumption. In other  words, we assume tha t ,  i n  t h e  short  
run, savings accumulates and i s  not spent on investment goods. In con t r a s t ,  i f  
investment i s  endogenous, then savings i s  immediately t rans la ted  i n t o  purchases 
of investment goods. I f  t ha t  happens, i t  obviously increases the demand linkages 
and hence growth mu1 t i  p l i e r s  in  the shor t  run. As Tables 7 and 8 indicate ,  
endogenizing investment increases mul t ip l ie rs  20 percent t o  30 percent. 

The s e t  of marginal budget shares estimated from household survey data 
lowers t he  mul t ip l ie rs  by 15 t o  20 percent. The big drop in  the mul t ip l i e r s  i s  
due mainly t o  a high estimated marginal propensity t o  consume r i c e  r e l a t i v e  t o  
the average budget share derived from the  SAM. Since paddy supply i s  assumed t o  
be i n e l a s t i c ,  increased demand f o r  r i c e  t r ans l a t e s  i n t o  increased imports and 
hence g r e a t e r  leakages from the domestic economy. Given the  uncertain qual i ty  
of t he  survey data underlying the marginal propensi t ies  t o  consume, i t  i s  l ike ly  
t h a t  t he  average budget shares in the SAM are a b e t t e r  approximation of 
real i ty .5 

STIMULATING GROWTH THROUGH INVESTMENT 

Ultimately, t he  tradeoff among agr icu l tura l  growth s t r a t eg i e s  depends on the  
amount of investment required t o  i n i t i a t e  output growth in the f i r s t  place.  Once 
output grows by FMG 1, the consequences a r e  broadly s imilar .  

B u t  t h e  investment necessary t o  increase paddy output by FMG 1 d i f f e r s  
subs t an t i a l l y  from investment requirements f o r  boosting coffee output. Table 9 
shows two investment scenarios,  based on t rad i t iona l  cost-benef i t analysi s ,  f o r  
both paddy and coffee. The paddy scenarios show the cos t s  and bene f i t s  f o r  
rehabi 1 i t a t i o n  of small i r r iga ted  perimeters in the high plateaus using 
t r ad i t i ona l  and input intensive techno1 ogi e s  (AIRD 1990). These y ie ld  
pessimist ic  and opt imis t ic  projections,  respect ively.  These coffee scenarios  a r e  
based on FA0 (1989) high and low world coffee price assumptions. 

*(. ..continued) 
government borrows the  amount of the sho r t f a l l  from abroad. See 
d e t a i l s .  

See Be1 1 , Hazel 1 ,  and Sl ade (1982) f o r  example. 

In t h e  long run, investment also increases  production capaci 
supply curves. 

Appendix A f 

t y  by s h i f t i  

The estimated marginal expenditure shares were based largely on surveys by 
the  Ministry of Agriculture designed especi a1 l y  t o  measure household consumpti on 
and r i c e  purchases. Other expenditures appear t o  be under-reported, compared 
with the  consumption estimates in  the  national accounts of the SAM. The 
estimated marginal budget shares and the  methodology used are  described in  
Appendix C .  



Table  7 - Madagascar: GDP/Output Mu1 t i p 1  i e r s  

Vani 11 a/ 
Paddy Cof fee Cloves 

1984 w o r l d  c o f f e e  p r i c e  

Improved smal l  farmer t e c h n o l  ogya 

S ta tus  quob 

Endogenous investment 

P roduc t i on  1 i nkages o n l y  

New consumption parameters 

Reduced e x p o r t  taxes  

Exogenous investment 

Endogenous i nvestment 

Low w o r l d  p r i c e s  f o r  e x p o r t  cropsC 

Improved smal l  farmer t e c h n o l  ogy 

S ta tus  quo 

Endogenous investment 

Source: Model s imu la t i ons .  

a Improved smal l  farmer t e c h n o l  ogy m ix  i n  a1 1 sec to rs ,  investments exogenous, 
average budget shares. 

S ta tus  quo: c u r r e n t  f a r m  s i z e  and techno logy  m ix  i n  a1 1 sectors .  

World c o f f e e  p r i c e  reduced by 38 pe rcen t  o f  1984 l e v e l ;  w o r l d  v a n i l l a  and 
c l o v e  p r i c e s  reduced by 44 pe rcen t  o f  1984 l e v e l .  



Table 8 - Madagascar: Employment/Output Mult ipl iers  

Vani 11 a/ 
Paddy Coffee Cloves 

Jobs per Million FMG of Increased 
SUPPI Y 

1984 world coffee price 

Improved small farmer techno1 ogya 

Status  

Endogenous investment 

Production 1 i nkages only 

New consumption parameters 

Reduced export taxes 

Exogenous investment 

Endogenous investment 

Low world prices for export cropsC 

Improved small farmer technology 

Sta tus  quo 

Endogenous investment 

Source: Model simul a t i ons .  

a Improved small farmer technology mix in  a l l  sectors ,  investments exogenous, 
average budget shares .  

S ta tus  quo: cur ren t  farm s i z e  and technology mix in  a l l  sectors.  

World coffee pr ice  reduced by 38 percent of 1984 level ; world vanil l a  and 
clove pr ices  reduced by 44 percent of 1984 level.  



T a b l e  9 - Madagascar: Investment  Mu1 t i  pl i e r s  

P e s s i m i s t i c  O p t i m i s t i c  
Scena r io  S c e n a r i o  

GDP p e r  FMG I n v e s t e d  

( T r a d i t i o n a l  (High-Input  
Techno1 ogy) Techno1 ogy) 

Paddy: Rehabi 1 i t a t i  on of small 
i r r i  ga ted  p e r i m e t e r s  3.68 

(Low World P r i c e )  (High World P r i c e )  

Robusta c o f f e e  p r o j e c t :  Mixed 
up1 a n t i n g  and pruning ,  high-i n p u t  
techno1 ogy 

1.69 3.22 

Note: For d e t a i l s  of  c a l c u l a t i o n ,  s e e  Appendix Table  D.4. 



Although investments vary considerably across s e t t i n g s  and over time, even 
fo r  the same crop, i t  appears t h a t  under best- and worst-case s e t t i n g s  f o r  each 
crop, pol icymakers can increase paddy output a t  s ign i f i can t ly  1 ower investment 
cost than coffee.  Under opt imis t ic  assumptions (high-input technology), FMG 1.0 
invested in  paddy rehabi l i ta t ion  will generate FMG 4.7 i n  national income (GDP). 
Yet the  same FMG 1.0 invested in  coffee, even under the  opt imis t ic  high6world 
coffee pr ice scenario, would only y i e ld  FMG 3 .2  in  national income. 0: eff iciency grounds, i t  appears t h a t  investments in  paddy y i e ld  higher returns.  

STIMULATING GROWTH THROUGH EXPORT CROP TAXATION 

Gains from Export Tax Reduction 

In periods of high export p r ices ,  export t axes  range between 40 and 60 
percent of the  value of the world market pr ice (Figure 2 ) .  The government's 
current  pol icy of export 1 i beral i za t ion  aims t o  r a i s e  farm-gate pr ices  of export 
crops by lowering export tax r a t e s  and allowing competition among t r ade r s  t o  
reduce the marketing cos ts  between farm-gate and por t .  Because t h i s  s t ra tegy  was 
adopted as  world prices slumped, producers have not y e t  seen an increase in  the 
farm-gate pr ice .  B u t  in  the  fu ture ,  as  pr ices  revive,  the government may be 
wil l ing t o  pass on a grea te r  share of the pr ice increase t o  farmers. I f  they do, 
what wil l  be the impact on national income? 

In general,  we might an t ic ipa te  two consequences from a r ed i s t r i bu t ion  of 
export tax revenue t o  farmers. F i r s t ,  the r ed i s t r i bu t ion  of spending power wi 11 
generate d i f f e r en t  domestic consumption pat terns .  I f  farmers spend more on 
local l y  produced nontradabl es  than government does, a pure red is t r ibu t ion  wi 11 
increase GDP.  Second, i f  the supply e l a s t i c i t y  of coffee i s  posi t ive in  the 
short run, the  higher pr ice  will  induce a supply response, thereby ra i s ing  output 
and income as  we1 1. As i 11 ustrated i n  Figure 3 ,  a complete suppression of export 
taxes on coffee and .vani 1 l a  would increase domestic production from Q, t o  Q,. 

Redi stri buti  ng Purchasing Power 

The experiments summarized in Table 10 suggest t h a t  the pure red is t r ibu t ion  
e f f e c t  of t ransfer r ing  i ncome from government t o  farmers '  income wil l  be very 
small. Depending on the s i t ua t ion ,  i t  wi 1 1  change GDP by -0.1 t o  +1.0 percent. 

Benefits and cos ts  f o r  the  coffee project  a r e  amortized annual values 
calculated a t  a discount r a t e  of 10 percent. 

' An increase in vani l la  export would require d i f f e r e n t  s o r t s  of investment. 
Instead of i r r i ga t ion  rehabi 1 i t a t i on ,  new seed1 ings,  and extension support, i t  
would requi re  market development o r  other  intervent ions t o  boost demand. Since 
we have l i t t l e  feel  f o r  the  cos ts  of boosting exports by a given amount, we have 
ignored vani 1 l a  in  computing the  investment mu1 t ip1  i e r s .  
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Figure 2 - Real Coffee Prices,  1972-1990 

€3- Producer Price + Border Price 

Source: Dorosh and Berni er  (1991) . 
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Figure 3 - The E f f e c t  o f  Export Crop Taxes on Coffee and V a n i l l a  Production 
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P, = World p r i c e  
P, = Farm-gate p r i c e  



Table 10 - Madagascar: Effect of Redistributing Purchasing Power from Government 
to Farmers by Reducing Taxes on Export Crops 

Coffee Vani 1 1 a/Cl oves 

Percent Change in GDP 

Investment exogenous +1 .O +0.8 

Investment endogenous -0.1 -0.05 

Source: Model simulations. 



Supply Response 

Yet the  second e f fec t ,  the impact of a positive supply response, could be 
qui te  large i n  periods of high export crop taxation (Table 11). For example, in 
1984 complete suppression of export taxes would increase the farm-gate price of 
coffee by 125 percent and of vani 1 l a  by 178 percent. The magnitude of the 
resul t ing  supply response depends on the e l a s t i c i t i e s  of supply and demand, 
respectively (see Figure 3 ) .  

Although everyone agrees tha t  the supply e l a s t i c i t y  f o r  coffee i s  positive 
in the  1 ong run, the short-run opportunities fo r  increasing output of t r ee  crops 
i s  l e s s  cer ta in .  I f  output supply e l a s t i c i t y  a t ta ins  the modest level of 0.2, 
a complete suppression of the coffee export tax in 1984 would have increased GDP 
by 2.8 percent (Table 11). 

For vani 11 a ,  estimated demand e l a s t i c i t i e s  vary widely depending on 
assumptions about subs t i tu tab i l i ty  between Malagasy and Indonesian vanil la .  If  
demand e l a s t i c i t y  of vanil la  l i e s  near -0.2, vanilla tax level price reductions 
would induce an output response tha t  will increase GDP by 1.2 percent. This 
output response occurs because, i f  Madagascar reduces i t s  se l l ing  price on the 
world market, eliminating the export tax and keeping the .  producer price 
unchanged, world demand fo r  Madagascar's vani 11 a would r i s e  and Madagascar's 
vani l la  production would increase t o  match i t  (Figure 3 ) .  I f ,  as the World Bank 
(1991) study suggests, demand i s  even more highly e l a s t i c ,  and i f  supply 
e l a s t i c i t y  i s  1 i kewise highly e l a s t i c ,  suppression of export crop taxes could 
increase vani l la  output suff ic ient ly  t o  ra ise  GDP more than 2 percent (Table 
11). 

Dual Pol icy Levers 

To promote export crops, policymakers have two powerful levers a t  t h e i r  
disposal : (a) pub1 i c investment in production capacity; and (b) increasing 
farmer price incentives by 1 owering export taxes. In promoting paddy production, 
the investment 1 ever of fers  substanti a1 ly more 1 everage given the current 1 ow 
1 eve1 of r i c e  taxes. 

Of the two, investment appears t o  be the more powerful lever f o r  promoting 
both paddy and export crops. Comparing coffee tax rebates with investment of 
equal value, Table 12 suggests that  funds invested in coffee production will 
generate twice as much national income as they would i f  paid t o  farmers in the 
form of higher farm-gate prices. In paddy production, tha t  same investment would 
generate three times as much national income as would export tax rebates (Table 
12) 

Because the  model takes investment as exchanges, these resul t s  assume that  
any revenue needed f o r  investment or  tax rebates i s  borrowed from abroad i n  order 
t o  maintain constant investment. 



Table 11 - Madagascar: Supply Response from Transferring All Export Crop Tax 
Revenue from Government t o  Farmers 

Increase in Increase in Increase in 
Farm-gate Price Output GDP 

Percentaae 

Coffee 

Supply el a s t i  c i  t y  

0.0 

0.2 

0.4 

Vanilla 

Demand e l a s t i c i t y  

0.0 

-0.2 

-0.5 

- - -- - -- - - pp 

Note: See Appendix Table D.5 f o r  ca lcu la t ion  d e t a i l s .  



Table 12 - Madagascar: Options for Stimulating Agr icu l tura l  Grouth 

Investmmt I n  Pr ice Policy CaPbined Price 
(Stimulate Pol icy and 

PaddV Coffee S~lpply Via Lowr Investment in 
Export Taxes on Coffee 

High Taxes Low Taxes Coffee) 

M i l l i o n  FMG 

Intervention 

Investment i n  production 36,004 

Increase i n  farm-gate 
pr ice 

Financial cost t o  
government 36,004 

Resulting change i n  

Output 92,926 

GD P 9.4% 

Savings 20,630 

Government finances 

l n i t i a t  cost -36,004 -36,004 -36,004 -36,004 -72,008 

Increased revenue +11,337 +28,697 t8.824 +3,618 +12,376 

Increased expenses -6,190 -15,688 -4,782 -1,976 -6,758 

Net change -30,857 -22,975 -32,028 -34,362 -66,340 

Net change (percent 
GDP) -1.7 -1.3 -1 -8 -1.9 -3.7 

Eff ic iency of publ ic 
spending (AGDP/ 
Agovermnt spending) 5.4 5.0 3.9 1.4 2.6 

Source: Model simulations. 

a The reduction i n  government revenues due t o  the Louer export taxes on coffee shown here, equal to  FMG 36,004 
mil l ion,  i s  actual ly  a transfer payment, not an economic cost. 



IMPACT ON R I C E  DEMAND 

In the  fu tu re ,  i f  Madagascar becomes se l f - su f f i c i en t  in  r i c e  production, 
addi t ional  investment i n  paddy may depress domestic prices.  Given the  
uncer ta in t ies  of exporting r i c e  on a thin world market, there  may be a l i m i t  t o  
how f a r  Madagascar can focus on r ice.  Table 13 shows the  net e f f e c t  of var ious 
agr icu l tura l  growth s t r a t e g i e s  on r i ce  imports. Under a1 1 scenarios,  investment 
i n  paddy reduces r i c e  imports, as  the increase in  production more than o f f s e t s  
the  mul t ip l i e r  e f f ec t s  of increased f ina l  demand f o r  r i ce .  In con t r a s t ,  
increasing export crop suppl i es resu l t s  in higher incomes, increased demand f o r  
r i c e ,  and l a rge r  r i ce  imports. 

A bal anced growth s t ra tegy  might consider increasing investments in  export 
crops whi l e  increasing domestic paddy production enough t o  enable domestic supply 
of addi t ional  paddy demand generated by higher incomes in  export crops. A 1 arge 
coffee pro jec t  current ly under consideration would generate an annual r i c e  demand 
of 5,892 tons under low world coffee prices (and 11,112 tons of r i c e  per year  i f  
coffee pr ices  a r e  high) (Table 14). This increased demand f o r  r i c e  would occur 
beginning in  year seven of the  coffee pro jec t ,  when the  coffee t r e e s  came of 
bearing age. Meeting t h i s  demand would require  rehabi l i ta t ion  of 2,843 t o  4,533 
hectares of small i r r i ga t ed  r i c e  perimeters (4,533 hectares i f  world coffee 
pr ices  a r e  high) . 

SAVINGS AND DYNAMIC LINKAGES 

Different  investment s t r a t eg i e s  a l so  generate d i f f e r en t  leve ls  of savings 
(Table 15). Under high world pr ices ,  export crops generate enormous tax  
revenues, given the current high level of taxat ion.  I f ,  as  the model assumes, 
government saves most of the increased revenues, the export crop s t r a t egy  
generates 80 percent more savings per uni t  of output than does paddy. Under low 
world pr ices ,  prospects f o r  taxing export crops diminish, and in  t h i s  s e t t i n g ,  
investments i n  paddy rehabi 1 i t a t ion  generate savings per u n i t  of investment twice 
as  la rge  a s  those earned i n  coffee. 

So the  ranking of dynamic growth paths i s  ambiguous. The long-run, 
i nvestment-1 ed growth emanating from export crop investments may be higher o r  
lower than t h a t  of paddy, depending on trends in  world export crop pr ices .  

AGRICULTURE AS AN ENGINE O F  GROWTH 

A1 though agr icu l ture  generates powerful 1 inkages with other sectors  of the  
economy, paddy and export crops alone cannot stimulate enough growth t o  keep pace 
with Madagascar's rapid population growth. Investments necessary t o  sus t a in  
growth in  paddy, coffee, vani l la ,  and cloves a t  5.0 percent per year wil l  
generate GDP growth of about 2.2 percent per year and employment growth of 2.3 



Table 13 - Madagascar: Impact of A1 terna t ive  Agricultural Growth St ra tegies  on 
Rice Imports 

Impact on Net Ricea Imports of a FMG 1.000 Increase 

Paddy Coffee Vani 11 a/Cl oves 
supply supply Export Demand 

High-input small farm -0.981 0.208 0.206 
techno1 ogy 

Status quo -0.969 0.223 0.206 

Investment -0.972 0.290 0.290 

Production 1 i nkages only -1 .209 0.000 0 .OOO 

Marginal budget shares -0.815 0.381 0.385 

Reduce export taxes 

Investment exogenous -1.006 0.296 0.308 

Investment endogenous -0.972 0.351 0.356 

a Rice imports (FMG) are  calculated as paddy value times 1.259 t o  account f o r  
mi 11 i ng and marketi ng margins. 



Table 14 - Madagascar: Rice Balance Effects 

Low World High World 
Pri ce Pri ce 

Coffee project (years 7-30) 

Net present value of coffee 
(mi 1 1 i on FMG) 

Annualized value of coffee 
(mi 1 1 ion FMGIyear) 

Change in r ice  imports per FMG 
increase in coffee supply 

Change in r i ce  imports 
(mi 1 1 i on FMGIyear) 

Rice project 

Investment cost per MT increase in 
production (FMGIMT) 

Value of r ice output per FMG 
invested (FMG) 

Change in r i ce  imports per FMG 
increase in paddy output 

Change in r ice imports per 
FMG invested 

Traditional Hi gh-input 
Techno1 ogy Techno1 ogy 

Coffee and r i c e  projects combineda 

Rice investment required for  no net 
change in r i ce  imports 

Million FMG 1, 22!ib 1,097C 

Hectares 5,071b 4 , 533C 

a Rice investment made in year 7 of coffee project. 

Low world coffee price, traditional r i ce  technology. 

High world coffee price, high-input rice'  technology. 



Table 15 - Madagascar: Accumulated Savings 

Effect of a FMG 1.000 Increase in 
Each of the Following 

Vanilla/ 
Paddy Coffee Cloves 

1984 World Coffee Price 

Improved small farmer technol ogy 

Status quo 

Endogenous investment 

Production linkages only 

New consumption parameters 

No coffee export tax 

Exogenous i nvestment 

Endogenous investment 

Low World Coffee Price 

Improved small farmer technol ogy 

Status quo 

Endogenous investment 
-- - 

Source: Authors' calculations. 



percent per year ,  both s l i g h t l y  below the r a t e  of population growth (Table 16) .9 
While paddy and export crops can sustain a c r i t i c a l  share of Madagascar's growth 
requirements, development e f f o r t s  wi 11 need t o  expand beyond these two arenas - 
t o  indus t r ia l  crops, and manufacturing and services - in order t o  successfully 
r a i se  1 iving standards f o r  the  country's growing population. 



Tab1 e 16 - Madagascar: Potenti a1 Rates of Agri cul ture-Led Economic Growth 

A Sustained 5 Percent Growth i n  Each Crop Over 20 Years 
Results i n  the Export Crops, High Tax Export Crops, Low Tax 
Fol 1 owi ng Annual 
Percentage Growth Vani l la  and V a n i l l a  and 
Rates I n :  Paddy Coffee Cloves Coffee Cloves 

Percen taqe 

GN P 1 .04 0.66 0.43 0.72 0.47 

Empl oymen t 1.15 0.61 0.38 0.70 0.45 

Sectoral output 

Agriculture 1.63 0.89 0.56 1 .OO 0.65 

Manufacturing 0.66 0.31 0.20 0.43 0.28 

Services 0.87 0.63 0.39 0.62 0.39 

Source: Income/output, empl oymentloutput, and output/output mu1 t i p l  i e r s  in 
Tables 3 and 4. Assumes only 80 percent of mu1 t i p l  i e r s  achieved due t o  reduced 
unempl oyment , and hence upward-sl oping supply curves over time. See Haggbl ade, 
Hammer, and Hazel1 (1991) regarding the 80 percent rule of t h u m b  fo r  deflating 
SIO mult ipl iers .  



4. IMPLICATIONS FOR AGRICULTURAL GROWTH STRATEGIES 

RICE VERSUS EXPORT CROPS 

Both paddy and export crops have strong 1 inkages with t h e  domestic economy. 
A FMG 1 increase in  the output of paddy, coffee, or  vani l la  and cloves generates 
about FMG 2 in t o t a l  G D P .  This s t r i k ing  s imi l a r i t y  a r i s e s  because of s imi la r  
input demands in coffee and paddy and because consumption 1 inkages account f o r  
80 percent of t o t a l  mu1 t ip1 i e r s .  Since e i t h e r  s t ra tegy  increases  small farmer 
income, agr icu l tura l  growth, regardless of i t s  or igin,  produces broadly s imi l a r  
r i pp le s  throughout the r e s t  of t he  economy. This may change with the  advent of 
new export crops with dramatically d i f f e r en t  input requirements and income 
d i s t r i bu t ion .  B u t  f o r  the present,  t he  options on the  s h e l f  generate very 
s imi l a r  sp inof fs  throughout t he  economy. 

Yet i t  appears t ha t  paddy output can be increased a t  lowest cos t .  
Consequently, investment in i r r i ga t ed  r i c e  currently generates  the grea tes t  
increase in national income per uni t  of investment: a FMG 1.0 investment in 
paddy generates a FMG 4.7 increase in G D P ,  whereas the same FMG 1.0 invested in 
coffee generates only FMG 3.2 in  GDP,  even under opt imis t ic  assumptions about 
world coffee pr ices .  Paddy a l so  generates more employment and a s l i g h t l y  more 
equi table  income d is t r ibu t ion .  So a t  l e a s t  in the short  run, investment in paddy 
appears preferable  on both eff ic iency and equity grounds. 

This conclusion hinges on current ly avai 1 able data  . t h a t  suggest lower 
investment cos t s  a r e  necessary f o r  increasing paddy output .  In fu ture  
invest igat ions of charting opportuni t ies  f o r  agr icu l tura l  growth, these 
investment data  warrant special scrut iny.  Avai 1 able data  appear f rag i  1 e ,  and 
c o s t s  c l ea r ly  vary from one locat ion t o  another. So fu ture  inves t iga t ions  should 
concentrate on locat ing output growth a t  the  lowest poss ib le  investment cost .  
Increases i n  farmer incomes, whether deri  ved from increased paddy o r  export crop 
production, wil l  produce strong linkage e f f e c t s  throughout t h e  economy as  farmers 
spend t h e i r  new earnings on local ly  produced goods and se rv i ces .  

SUSTAINING THE GROWTH LINKAGES 

For the agricul tural  growth 1 inkages t o  achieve t h e i r  f u l l  po ten t ia l ,  
policymakers must bear in mind several key features  of the sp inof fs  of 
agricul ture- led growth. F i r s t ,  most of the spinoffs  occur i n  rural  areas  and in 
rural  towns. Hence the s t a t e  of rural in f ras t ruc ture  - roads, e l e c t r i c i t y ,  
water, and communications - wi 11 a f f e c t  the abi 1 i  t y  of nonfarm sec to r s  t o  respond 
t o  the increased demand of farm households. I f  spinoffs  a r e  t o  achieve t h e i r  
f  ul 1 potenti a1 , ongoing decisions about the placement, construct ion,  maintenance, 



and finance of rural infrastructure will have t o  be made. In a l l  these phases, 
local decisionmaking and the ab i l i t y  t o  mobilize local resources will be 
important. Thi s makes 1 ocal governments important actors in agricul ture-led 
growth s t ra tegies .  To play the i r  role effectively,  the local authorities must 
enjoy the necessary poli t ical  and financial authority as we1 1 as the management 
ski 11 s necessary t o  rnobi 1 i ze 1 ocal resources and coordi nate deci s i  onmaki ng. 

Second, direct  intervention on behalf of nonfarm and secondary farm 
ac t iv i t i e s  can effectively accelerate t he i r  g rowth .  To enjoy the ful l  benefit 
of the agricultural ly induced demand stimul us, evidence suggests that supporting 
supply-side interventions can be cost-effective (Haggbl ade, Hazel 1,  and Brown 
1989) . Whi 1 e credi t  programs have proven most popul ar ,  technical assistance can 
a1 so be viable i f  judiciously targeted. 



APPENDIX A 

THE SOCIAL ACCOUNTING MATRIX (SAM) 

The s o c i a l  accounting mat r ix  used i n  t h e  mu1 t i  pl i e r  a n a l y s i s  (Appendix Tab1 e 
A.l) is  a modif icat ion of a more disaggregated SAM ( h e r e a f t e r  c a l l e d  SAMl), 
descr ibed i n  d e t a i l  in  Dorosh e t  a l .  (1991). In t h i s  sec t ion  t h e  bas ic  
methodol ogy used i n  c o n s t r u c t i n g  SAMl i  s  b r i e f l y  out1 i  ned, and t h e  modifications 
made i n  the  new SAM (SAM2) a r e  descr ibed.  

SAMl t a k e s  a s  i t s  s t a r t i n g  po in t  t h e  production and t o t a l  income d a t a  from 
t h e  nat ional  accounts.  Incomes and expendi tures  by household were estimated 
using t h e  r e s u l t s  of several  household surveys.  Urban expenditure da ta  were 
considered t o  be more re1 i a b l e  than ru ra l  survey r e s u l t s  and were used w i t h  only 
small modif icat ions  ( t o  account  f o r  i  tems apparent ly  under-reported i n  t h e  
surveys) . Rural expendi tures ,  a p a r t  from r i c e  consurnpti on d a t a ,  a r e  ca lcu la ted  
l a r g e l y  a s  a res idua l  of t o t a l  nat ional  consumption l e s s  est imated urban 
consurnpti on. 

SAM2 d i f f e r s  from SAMl i n  several  major ways: in  t h e  s p e c i f i c a t i o n  of 
production a c t i v i t i e s  and commodities, t h e  absence of f a c t o r  accounts, the 
disaggregat ion of households, and t h e  methodol ogy used f o r  es t imat ing t h e  level  
o f  household expendi tures  and savings .  

Both SAMl and SAM2 d i saggrega te  a g r i c u l t u r e ,  a s i n g l e  subsector  i n  t h e  
na t iona l  accounts.  Several a g r i c u l t u r a l  a c t i v i t i e s  a r e  spec i f i ed  in  SAM2 
(small holder 1 ow-input i r r i g a t e d  r i c e ,  1 argehol d e r  high-input i r r i g a t e d  r i c e ,  
upland r i c e ,  small holder  c o f f e e ,  largeholder  c o f f e e ,  vani 11 a and c loves ,  and 
o t h e r  a g r i c u l t u r e ) .  Production c o s t  e s t imates  f o r  paddy and export  crops a r e  
based on AIRD (1984) and World Bank (1984). The 30 nonagr icul tura l  a c t i v i t i e s  
i n  t h e  nat ional  accounts a r e  aggregated i n t o  19 a c t i v i t i e s  in  SAMl and 6 
a c t i v i t i e s  i n  SAM2 (mining and energy,  r i c e  mil 1 ing,  formal indust ry ,  informal 
i n d u s t r y  and t e x t i l e s ,  p r i v a t e  s e r v i c e s ,  and pub1 i c  s e r v i c e s ) .  In SAM2, 
manufactured goods produced by individual  e n t e r p r i s e s  a r e  grouped with t e x t i  1 e s  
under t h e  assumption t h a t  t h e s e  goods a r e  e l a s t i c  i n  supply. No data separat ing 
consumpti on of manufactured goods according t o  o r i g i n  (formal versus informal 
s e c t o r  goods) a r e  avai 1 a b l e .  A1 1 in termediate  consumption of domestic 
manufactured products  (except t e x t i l e s )  by formal s e c t o r  i n d u s t r i e s  was assumed 
t o  o r i g i n a t e  from o t h e r  formal s e c t o r  i n d u s t r i e s .  The share  of informal s e c t o r  
manufactured goods out of t o t a l  consumption of manufactured goods was assumed t o  
be t h e  same a c r o s s  household groups.  

SAMl conta ined f a c t o r  accounts  and thus  did  no t  show payments of value added 
from a c t i v i t i e s  d i r e c t l y  t o  households and o t h e r  i n s t i t u t i o n s .  In SAM2, a l l  
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1 abor and cap i t a l  incomes in  agr icu l ture  a r e  paid d i r ec t ly  t o  rural households 
according t o  t h e i r  shares i n  landholdings by crop a c t i v i t y  and according t o  t h e i r  
share i n  t o t a l  rural  labor force.  All formal sector  a c t i v i t y  wages a r e  paid t o  
urban households according t o  t h e i r  ownership of labor by s k i l l  type. Returns 
t o  informal cap i t a l  from each ac t iv i ty  were allocated t o  households in  the  same 
proportions used f o r  the  a1 locat ion of t o t a l  re turns t o  informal capi ta l  i n  SAM1. 

DISAGGREGATION OF HOUSEHOLDS 

There a r e  s i x  household groups in SAM2. The rural r ich category of SAMl was 
divided i n t o  two groups: la rge  farmers (those owning more than 1.5 hectares) and 
nonfarm rural  r i ch .  All small farmers in SAMl were aggregated t o  form one group 
in SAM2. Nonfarm rural poor remain a separate group a s  in SAM1. In the urban 
areas ,  SAMl divides households according t o  the type of employment of the head 
of household (categorie  socio-professionel) ; SAM2 spl i t s  urban households 
according t o  locat ion ( la rge  and small urban centers) .  

Incomes and expenditures f o r  households l iving in  large urban centers  in  
SAM2 were calculated using the shares of t o t a l  urban expenditures by 
socioeconomic s t a t u s  (categorie  socio-professionel). (Large urban center  
r e s iden t s  accounted f o r  89.9 percent of urban expenditures by high-income 
households (Urban I in SAMl), and 80.5 percent and 77.8 percent of urban 
expenditures by middle- and 1 ow-income households, respectively.)  These shares 
were used t o  a l l oca t e  incomes and expenditures by the three urban household 
groups in  SAMl t o  the two urban household groups in SAM2. 

DETERMINATION OF HOUSEHOLD SAVINGS 

In SAM1, consumption of households was f i r s t  estimated and savings were 
ca lcu la ted  a s  a residual .  Moreover, the 1 eve1 of per capi ta  consumption was 
assumed t o  be t h e  same f o r  a l l  th ree  types of rural small farm households. This 
procedure gives widely varying savings r a t e s  across rural households. In SAM2, 
i t  i s  assumed t h a t  small farm households and rural nonfarm poor have zero savings 
and t h a t  t h e  savings r a t e  i s  t h e  same f o r  both rural nonfarm r ich and large farm 
households. Total consumpti on by each rural household i s  calculated a s  income 
l e s s  savings l e s s  t r ans fe r s .  



APPENDIX B 

THE FORMAL SIO MODEL 

OBJECTIVES 

This model aims t o  p r e d i c t  how a l l  SAM accounts wi l l  change i n  response t o  
a s e r i e s  of exogenous shocks. To do this requ i res  several  s t e p s .  F i r s t ,  a l l  SAM 
row accounts  must be w r i t t e n  a s  l i n e a r  funct ions  of one another.  Second, t h e  
modeler m u s t  make some dec i s ions  about what va r iab les  a r e  endogenous t o  t h e  
system. 

Figure  4 .  desc r ibes  t h e  organization of t h e  SAM and t h e  v a r i a b l e  1 abel  s 
adopted i n  t h i s  formulation.  

L i n e a r i t y  Assumptions 

Production Accounts (Xj) . A1 1 production a c t i  vi t i e s  (Xj) produce a s e r i e s  o f  
commodities (Dji) a s  outputs:  

I n i t i a l l y ,  assume t h a t  each a c t i v i t y  produces a f ixed  share  of each 
commodity's output .  This assumption can be re1 axed l a t e r :  

This l e a d s  t o  t h e  following l i n e a r  r e l a t i o n s h i p  between a c t i v i t y  (Xj) and 
commodity (Zi)  accounts: 

Commodity Accounts (Zi). Commodities supply t h e i r  wares a s  inputs  in production 
a c t i v i t i e s  ( A ,  j) ; add commerci a1 margins t o  o ther  comrnodi t y  accounts (C,,) ; supply 
households (C. ),  i n s t i t u t i o n s  (C, ),  and government (Gig) with f i n a l  consumption 
goods; and se\? expor t s  ( E , )  t o  tfie r e s t  of t h e  world and investment goods (I,) 
t o  c a p i t a l  accounts:  





Assume t h a t  in termediates (Aij) remain a f i x e d  share o f  gross output i n  each 
sec to r  (Z,), t he  c l a s s i c  Leon t i e f  assumption: 

A.. = a..Xj, 
I J  1 J  (9) 

and t h a t  commercial margins (C,,) l i k e w i s e  remain a f i x e d  share o f  f i n a l  
commodity value (Z,) . 

Assume a lso t h a t  household consumption (C,,) i s  a l i n e a r  f unc t i on  o f  household 
expenditure (household income [ Y  ] 1 ess t r a n s f e r s  pa id  ] 1 ess d i r e c t  taxes 
pa id  by the  household [T,] 1 ess Bousehol d savings [S,]) . 

where 

t h a t  i n s t i t u t i o n a l  (Gin) and government (C,,) consumption o f  f i n a l  goods and 
serv ices remain a f i x e d  p ropor t ion  o f  f i n a l  output, 

and, i n i t i a l l y ,  t h a t  investment remains f i x e d  exogenously: 

Subs t i t u t i ng  and combining l i k e  terms y i e l d s  t he  f o l l o w i n g  summation o f  t he  
commodi t y  accounts: 

l o  The n o t a t i o n  8., i nd i ca tes  t r ans fe r s  p a i d  by households (h) t o  a1 1 sources 
(*) , inc lud ing  o t h e r  households (B,,,), nongovernment i n s t i t u t i o n s  (Bn,) , and the  
r e s t  o f  wor ld (B,,) . 



Household Accounts (Y,). Households (Y,) earn income f rom value-added payments 
by a c t i v i t i e s  (Vhj) and f rom t r a n s f e r s  t h e y  rece i ve  f rom o t h e r  households (B,,,), 
f r om i n s t i t u t i o n s  (B,,), f r o m  government (B,,) and f rom t h e  r e s t  o f  t h e  wor ld  
(Bhr) : 

As w i t h  i n t e r m e d i a t e s ,  value-added payments t o  households (Vhj) remain a  f i x e d  
p r o p o r t i o n  o f  a c t i v i t y  o u t p u t  (Xj),  w h i l e  a l l  t r a n s f e r s  are  taken as f i x e d :  

S u b s t i t u t i n g  Equat ions  16 and 17 i n t o  Equat ion 15 leads t o  t h e  f o l l o w i n g  
r e l a t i o n s h i p  between household income (Y,) and a c t i v i t y  ou tpu t  (Xj) : 

where 

I n s t i t u t i o n s  (N) . I n s t i t u t i o n s  (N) , 1  i ke households, earn income f rom value-  
added payments by a c t i v i t i e s  . (Vnj) and f rom t r a n s f e r s  t hey  rece i ve  f rom 
households (B,,), f r o m  i n s t i t u t i o n s  (B,,,), f rom government (B,,), and f rom t h e  
r e s t  o f  t h e  w o r l d  (Bnr) : 



As with intermediates, val ue-added payments to households (Vnj) remain a fixed 
proportion of activity output (X i ) ,  while all transfers are taken as fixed: 

Substituting Equations 20 and 21 into Equation 19 leads to the following 
re1 ationship between institutions' income (N) and activity output (Aj) : 

Government G. Government receives indirect taxes from activities (Tj) and 
commodities (T.) as well as income taxes from households (T,) and institutions 
(T,) and transfers from rest of the world (Rg) : 

Assume that i ndi rect taxes remain a fixed proporti on of activity and commodity 
output, 

that income and profits taxes increase 1 inearly with household and institutions' 
earnings, 

T,, = t ;  + th Yh, 



and t h a t  t r a n s f e r s  from t h e  r e s t  of t h e  world remained f ixed :  

S u b s t i t u t i o n  among these  r e l a t i o n s h i p s  i n t o  ( 2 3 )  y i e l d s  t h e  following 
r e l a t i o n s h i p  between government revenues and t h e  remaining SAM accounts:  

Rest o f  the World (R )  . The r e s t  of t h e  world account receives  payments f o r  
commodity imports (M.) and receives  t r a n s f e r s  from households (B,,), i n s t i t u t i o n s  
( B )  , and government (B rg )  : 

Assume t h a t  imports (M.) remain a f ixed proportion of commodity output  ( Z , )  and, 
a s  before ,  t h a t  t r a n s f e r s  remain f ixed:  

Total r e s t  of the  world earnings (R)  then become 

Capital ( 5 )  . Total savings ( S )  equals t h e  sum of savings by households (S,), 
i n s t i t u t i o n s  (S,), government (S,), and c a p i t a l  t r a n s f e r s  from t h e  r e s t  of t h e  
world ( R , )  : 



Assume tha t  t ransfers  remain fixed b u t  that  a1 1 domestic sources savings goes u p  
l inearly with t h e i r  earnings: 

Total savings can then be expressed as a function of household income (Y,), 
i nst i  t u t i  onal earnings ( N )  , and government revenue (G) : 

Parameter Restrictions. For the SAM to remain balanced, increased revenue m u s t  
generate an equivalent increase in expenditure. For expenditures t o  equal 
revenue, the  sum of a l l  column coefficients i n  the M matrix m u s t  equal 1. 

In par t icular ,  

dji + x c i i  + t i  +mi  = I ,  for all i ,  
j i 

(41) 

x Bib = 1 ,  for all h ,  (42) 
1 

System Summary. Appendix Table B . l  summarizes this  37 equation system in matrix 
form. In doing so, i t  divides the 12 commodity accounts into two groups, (Z,) 





and ( Z ) ,  depending on t h e i r  supply e l a s t i c i t y .  The f i r s t  group, (Z,), 
represents a1 1 sectors  with upward-sloping supply curves. In the  Madagascar SAM, 
these include paddy, coffee, nontraditional exports, i ndus t r i a l  crops, mining, 
and formal manufacturing. For the  remaining s ix  commodities (Z,) , producers can 
increase output a t  constant uni t  cost.  Hence, t h e i r  supply i s  per fec t ly  e l a s t i c .  

Since the Z, commodities are  t radable,  the  world pr ice  imposes the 
fixed-price requirement of t he  SIO model . The (Z,) commodities achieve fixed 
prices by v i r tue  of t h e i r  per fec t ly  e l a s t i c  supply. 

SOLVING THE BASIC MODEL 

The relat ionships defined above t r ans l a t e  the 37 SAM row accounts in to  37 
equations, one f o r  each of t he  15 a c t i v i t i e s ,  12 commodities, and 6 households, 
plus one each f o r  i n s t i t u t ions ,  government, r e s t  of t h e  world, and capi tal  
account. A system of 37 equations can predict  37 endogenous variables ,  with the 
r e s t  remai n i  ng exogenous. 

The simplest select ion of endogenous variables takes each SAM account to ta l  
a s  endogenous and makes exports,  investments, and a l l  t r a n s f e r s  a s  exogenous. 
The input-output model pa r t i t i ons  the system variables in  exac t ly  t h i s  way. In 
the  i n i t i a l  formulation, where t ransfers  and investments a r e  taken as  exogenous, 
commodity export demand becomes the  prime determinant of system change. Appendix 
Table B.2 displays the  resu l t ing  input-output (10) model a f t e r  d i f fe rent ia t ion .  

The semi-input-output (SIO) model d i f f e r s  only in i t s  choice of exogenous 
variables.  Since (Z,) commodities are  supply constrained, t h e i r  output i s  fixed 
in  a fixed-price world. So supply, not exports, become exogenous i n  these s ix  
equations. With output fixed and domestic demand determined by changes in 
incomes, exports ( E , ) ,  ra ther  than supply (Z ), become endogenous in the  s ix  
equations. Appendix Table 8.3 rewrites the  SAM model in SIO form. 

EXTENSIONS 

The basic SIO model i n  Appendix Table B.3 can be extended i n  many 
direct ions.  The discussion be1 ow considers three: ( I )  rendering investment 
endogenous; (2) a1 lowing changes in export taxes; and (3) a1 lowing the  price of 
export crops t o  change. 

Endogenous Investment 

To make investment endogenous requires adding a 38th equation t o  explain 
t h i s  additional variable.  In f ac t ,  s ince investment i s  spread over 12 
commodities, we require equations tha t  determine not only aggregate investment 
but also i t s  d is t r ibut ion  across the  12 commodities. 







Typical ly ,  economists assume tha t  aggregate i  nvestment ( I )  equals aggregate 
savings. This i s  equivalent t o  saying tha t  changes in investment (dl) equal 
changes in savings (dS) : 

To expl a i  n. how investors  a1 1 ocate thei r purchases across commodi t y  roups, assume 
proportional i  t y  constant according t o  past investment shares (C,, 3 : 

Since d l  = dS, these relat ionships can be substituted d i rec t ly  in to  the commodity 
equations as described in Appendix Table 8 . 3 .  

Redistributing Export Taxes t o  Households. Normally, modelers take the M-matrix 
parameters a s  constant. B u t  in Madagascar, high rates  of export taxation have 
1 ed pol icymakers t o  wonder about prospects f o r  increasing spending power and 
output supply by lowering taxes and redistr ibut ing the earnings t o  farm families.  
If  commodity tax  r a t e s  ( t i )  change, then so m u s t  the other parameters (d j i ,  c i i  , 
r,,, r and mi) in the commodity expenditure columns." Decreased tax r a t e s  
m u s t  fead t o  increased payments t o  other accounts. 

To model t h i s ,  we need t o  make these other i-column parameters endogenous 
and funct ions of t i .  Formally, t h i s  requires d i f ferent ia t ing  the original system 
in Table 11 with respect t o  t i ,  d j i ,  c i i ,  r h i ,  r n i ,  and m i .  We then require 
additional equations re la t ing  d j i ,  c i i ,  r,., r,,, and mi t o  t i .  Let c, equal the 
proportion of redistr ibuted tax revenue (dt,) accruing t o  each of the i-column 
accounts. In t h i s  se t t ing ,  Appendix Table B.4 describes how t o  estimate changes 
in SAM accounts resul t ing from pol icy-induced exogenous changes in the commodi t y  
tax r a t e  ( d t i )  . 

Changing Export Crop Prices 

Prices f o r  Madagascar's principal export crops are extremely volati  l e ,  a s  
Figure 2 indicates .  In response, the government has varied export tax ra tes  t o  
maintain roughly constant domestic producer prices. In t h i s  way, they have 
insulated farmers from world price swings. If the government continues t o  ac t  
as a shock absorber, insulat ing the domestic economy from gyrating world prices, 
the domestic repercussions of world price swings may be minimal. Given this 
behavior, a new, low-price SAM more appropriate t o  the 1990s can be estimated 
very simply from the 1984 SAM simply by deducting world price drops from tax 

" Here f o r  simp1 i c i  ty ,  export taxes are redistributed d i r ec t ly  t o  households 
and i n s t i t u t i o n s  (using the parameters rhi and r,,), rather  than increasing dj, ,  
payments t o  a c t i v i t i e s .  



revenues, reducing export values by the same amount, and financing the temporary 
government sho r t f a l l  by external borrowing. This i s  the method used t o  make the  
low-price projections in Table 2. 

B u t  in  the future,  government may be unable or  unwil l ing t o  insula te  the  
economy from fu r the r  export crop price swings. I f  so, i t  wil l  be of i n t e r e s t  t o  
estimate t h e  contractionary e f f ec t s  of the price changes on the domestic economy. 
These wi 1 1 ,  in e f f e c t ,  be reverse mu1 t ip1 i e r s ,  since 1 ower export earnings wi 11 
1 ower incomes, 1 ower expenditure, and 1 ead t o  contraction in nonagricul t u ra l  
sec tors  of the economy. 

To estimate the  e f f e c t s  of world price changes in  export crops, return t o  
Appendix Table B . l  and d i f f e ren t i a t e  the system of SAM equations with respect  t o  
export crop prices (P,) . Since export crops do not serve as  inputs in domestic 
industry and are not consumed domestically in any appreciable quantity,  we can 
ignore the  possible inf lat ionary ef fec ts  of these price s h i f t s  in other s ec to r s .  
Doing so allows us t o  predict  changes in the  SAM accounts resul t ing from 
exogenous s h i f t s  in world coffee and vani l la  pr ices .  Appendix Table B.4 presents  
the  necessary right-hand-si de s h i f t e r  matrix. 

In pr inc ip le ,  i t  i s  possible t o  extend the  SIO model i n  many more s imi l a r  
d i rec t ions .  We 1 eave i t  t o  the interested pol icymaker to  modify the model as  new 
issues emerge. 





APPENDIX C 

ESTIMATES OF MARGINAL BUDGET SHARES 

Marginal budget shares for  the househol d categories in the soci a1 accounting 
matrix (SAM) were estimated using data from Ministry of Agriculture surveys of 
urban and rural areas in Madagascar (see A I R D  1984 for  a description of the 
survey and summary tables) .  The urban second round survey took place during the 
December 1983lJanuary 1984 period. The rural second round survey was in October 
and November 1984. 

For urban households, marginal budget shares were estimated econometrical ly 
using a semilog specification: 

where Si i s  the budget share of commodity i in total  expenditures, a i s  the unit 
constant, and y i s  expenditure per consumer unit (with adults equal t o  1 consumer 
unit,  children between the ages of 11 and 15 years equal t o  .75 consumer units ,  
children between the ages of 6 and 10 years equal t o  .50 consumer units,  and 
children under 6 equal t o  .25 consumer uni ts ) .  The regressions were run fo r  15 
sectors. The resul ts  were l a te r  aggregated into the 12 SAM sectors. 

For urban households, regressions were run separately for  households headed 
by highly ski 11  ed workers (cadres sup&rieurs e t  moyens) , ski 1 led workers (autres 
cadres en fonction publique, employes des entreprises and ouvriers e t  
manoeuvres), and unski 11 ed workers (gens de p e t i t s  services) .  A regression was 
a1 so r u n  fo r  a1 1 nonagricul tural urban households (Appendix Tab1 e C. 1 ) .  While 
budget shares did vary across household types, the regression resul ts  fo r  a l l  
nonagricultural urban household types were used to  estimate marginal budget 
shares fo r  a l l  urban households. For rural households, regressions using the 
above equation were run fo r  rich and poor households (defined as having per 
consumption unit monthly expenditures of greater than, or less  than or equal t o  
FMG 10,250, respectively) in each of three regions of the country (Plateau, East 
Coast, and WestISouth) (Appendix Table C.2). 

Estimates of marginal budget shares according t o  the SAM household groups 
were then constructed from the marginal budget shares for  the survey household 



Appendix Table C.1 -Madagascar: Urban Budget Shares, Regression Results 

Household Type 1 Household Type 2 Horsehold Type 3 A l l  Urban 
Marginal Marginal Marginal Marginal 

Coeffi- E last i -  Budget Coeffi- E last i -  Budget Coeffi- E last i -  Budget Coeffi- E last i -  Budget 
Sector c ient  c i t y  Share c ient  c i t y  Share cient c i t y  Share cient c i t y  Share 



Appendix Table C-2 -Madagascar: Rural Budget Shares 

Poor Households 

Zone A Zone B Zone C 

Marginal Marginal Margiml 
Coef - Elas- Budget Coef - ELas- Budget Coef - Etas- Budget 

Sector f ic ient  t i c i t y  Share f ic ient  t i c i t y  Share f ic ient  t i c i  t y  Share 

Mote: t -stat ist ics are given i n  parentheses. 



Appendix Table C.2 (continued) 

Rich Haseholds 

Zone A Zone B Z m e  C 

Margiml MargimL Marginal 
Coef  - Etas- Budget Coef  - Etas- Budget Coef - Etas- Budget 

sector f icient t i c i t y  Share f icient t i c i t y  Share f icient t i c i t y  Share 

(0.562) (0.540) (1.130) 

Note: t -stat ist ics are given in  parentheses. 



groups (Appendix Table c.3).12 I t  was necessary t o  adjust the marginal budget 
shares derived from the surve data t o  account for  consumption expenditures 
under-reported in the survey.'' Marginal budget shares for  other food crops, 
formal manufacturing, otherindustry,  private services, and public administration 
were se t  equal t o  the average budget shares for  each rural household group in the 
SAM. The econometri ca l l  y estimated marginal budget shares fo r  the remaining 
commodities were then multiplied by a scaling factor so that  the sum of the 
marginal budget shares equal s one. 

I n  s p i t e  of these adjustments, i t  appears that the derived marginal budget 
shares for  r i c e  are perhaps s t i  1 1 t o o  high for rural households. For most of the 
mu1 t i  pl i e r  experiments presented in th i s  paper, average budget shares are used. 

l2  Marginal budget shares are calculated as the sum of the average budget 
share, s- from the regression sample plus m i ,  where mi equals the ra t io  of the 
Beta coet f ic ient  fo r  each sector and the average total expenditure. The sum of 
the marginal budget shares fo r  each household group equals one minus the average 
savings r a t e .  

l3 These sing1 e-vi s i  t surveys were designed to  investigate household r ice 
consumption, purchases, and sales.  A lesser  effort  was made t o  col lec t  data on 
consumption of other items. 



Appendix Table C.3 -Madagascar: Marginal Budget Shares by SAM Sector 

Rural Rural  
Large Small Aggregate Aggregate N m f a m  Nonfarm 

SAM Sector C i t i e s  C i t i e s  -11 Farms LargeFarms Poor Rich 

Paddy 

Coffee 

Vani l l a  

New export crops 

Industr ia l  cultures 

Other agr icu l ture  

Mines/energy 

Rice m i l l i n g  

Formal manufactures 

Other industr ies 

Services 

Public administration 

Tota l  consupt ian  

Tota l  expenditure 



APPENDIX D 

FURTHER MODEL SIMULATIONS AND RESULTS 

Appendix Table D.l - Madagascar: Mult ipl ier  Decomposition Under No Export Tax 
Scenari o 

Effect of a FMG 1.000 Increase 

Paddy Coffee Vani 1 1  a/Cl oves 
supply supply Export Demand 

Change in national income 

Ini t i  a1 d i r ec t  increase 0.492 0.632 0.682 

Mu1 t i p 1  i e r  e f fec ts  1.310 1.528 1.599 

Total income increase 1.802 2.160 2.280 

Val ue-added mu1 ti pl i er 

(Mu1 t i p l  i e r  e f f ec t s /  
i ni t i a1 d i r ec t  increase) 2.66 2.42 2.34 

Change i n empl oyment 
(Jobs per million FMG) 

Ski 11 ed workers 

Semi sk i  11 ed workers 

Unski 11 ed workers 

Total 

Note: Hi gh-input paddy and coffee production, investment exogenous, average 
budget shares ,  1984 world pr ices .  



Appendix Table D.2 - Madagascar: Income D i s t r i b u t i o n  E f f e c t s  of Agricul tura l  
Growth (No Export Taxes Scenario) 

Effect of a FMG 1.000 Increase 

Paddy Coffee Vani 1 la/Cloves 
supply Supply Export Demand 

Household income 

Large c i t i e s  

Secondary town 

Large farms 

Small farms 

Rural nonfarm, poor 

Rural nonfarm, r i c h  

Total households 

I n s t i t u t i o n s '  income 0.142 0.207 0.159 

Government share  of nat ional  
i ncomea 

Total national income 1.802 2.160 2.280 

a The government's sha re  of nat ional  income i s  t h e  value added i t  receives  
from t a x e s  on commodities and production a c t i v i t i e s .  I t  does not include 
t h e  revenue received from corporate  and household income t a x e s .  



Appendix Table D.3 - Madagascar: Sectoral Composition of Agricultural ly  
Induced Growth (No Export Taxes Scenario) 

Effect o f  a FMG 1.000 Increase 

Paddy Coffee  Vani 11 a/Cl oves 
SuPPl Y SUPPI Y Export Demand 

Output change in  each sec tor  

Paddy, 1 ow-input 

Paddy, high-input 

Paddy, rain fed 

Coffee, 1 ow-input 

Coffee, high-input 

Vanilla, cloves 

New export crops 

Industr ia l  crops 

Other agr icu l ture  

Mining, energy, water 

Rice mil l ing 

Formal manufacturing 

Other indus t r ies  

Private  services  

Pub1 i c  services  



Appendix Table D.4 -Madagascar: Worksheet f o r  Ca lcu la t ing  Investment M u l t i p l i e r s  

Paddy: Rehab i l i t a t i on  o f  Small I r r i g a t e d  Perimeters 

Pessimist ic Opt imist ic 
(Trad i t iona l  (High-Input 
Technology) Technology) 

Investment cost (FMG/ha) 241,564 242,133 

Marginal increase i n  output (mt/ha) 1.5 2.5 

Investment cost per mt increase i n  
production (FMG/mt) 

Pr ice  of paddy (FMG/mt) 250,000 250,000 

Value of output per FMG invested (FMG) 1.552 2.581 

GDP/output m u l t i p l i e r  2.369 1.802 

GDP/FMG invested (FMG) 3.677 4.651 

Jobs/FMG m i l l i o n  increase i n  output 4.129 2.929 

Jobs/FMG m i l l i o n  invested 6.408 7.560 

Robusta Coffee Project :  
Mixed Replanting and Pruning, High-Input Technology 

Pesimist ic Opt imist ic 
( L o w  Uor ld  (High World 

Pr ice) Pr ice) 

Investment cost  (FMG m i l l i o n )  

Addi t ional  output o f  co f fee  (FMG m i l l i o n )  

Addi t ional  output o f  r i c e  (FMG m i l l i o n )  

FMG value o f  co f fee  output per FMG invested 

FMG value o f  r i c e  output per FMG invested 

GDP/output m u l t i p l i e r  co f fee  

GDP/output m u l t i p l i e r  paddy 

GDP/FMG invested (co f fee)  

GDP/FMG invested (paddy) 

GDP/FMG invested ( t o t a l )  

Jobs/FMG m i l l i o n  increase i n  output (coffee) 

Jobs/FMG m i l l i o n  increase i n  output (paddy) 

Jobs/FMG m i l l i o n  invested 

Notes: Benef i ts and costs  f o r  the  co f fee p ro jec t  a re  amortized annual values ca lcu la ted a t  a discount ra te  o f  
10 percent. The GDP/output m u l t i p l i e r s  f o r  the scenarios a re  as fo l lous :  scenario A: t r ad i t i ona l ,  low-input 
technology f o r  i r r i g a t e d  paddy; scenario B: i rp roved technology f o r  i r r i g a t e d  paddy; scenario C: upland 
technology f o r  paddy, improved technology for  co f fee  (low world pr ice);  and scenario D: upland technology f o r  
paddy, improved technology f o r  co f fee  (high world pr ice) .  



Appendix Table D.5 - Madagascar: E f f e c t s  of Reducing Taxes on Export Crops 

Ef fec ts  o f  Transferr ing Export 
Crop Tax Revenue from 

Government t o  Households 

Coffee Vani 11 a/Cl oves 

Redistr ibuted purchasing power 

Investment exogenousa 
Change i n  GDP 
Percentage change 

Investment endogenousb 
Change i n  GDP 
Percentage change 

Induced supply response 

Change i n  farmer p r i c e  
Tax a s  percentage o u t p u t  val  ue 
Farm p r i c e  a s  percent  o u t p u t  
Assumed t a x  decrease  
Resul t ing inc rease  i n  farmer  p r i  cea 

I f  zero supply o r  demand e l a s t i c i t y  0 0 
p o s i t i v e  e l a s t i c i t i e s  

Supply e l a s t i c i t y  0.2 n/a 
Demand e l a s t i c i t y  n/a -0.2 
Supply inc rease  pe rcen t  25.0 35.6 
Supply i n c r e a s e ,  FMG 23,962.0 10,811.0 
Income mu1 t i  pl i e r  2.060 2.041 
Total inc rease  i n  GDP 49,362 22,066 
Percentage inc rease  i n  GDP 2.8% 1.2% 

a Requi r e s  increased borrowing t o  maintain government spending and investment a t  
c u r r e n t  1 eve1 s. 

All savings  spent  on inves tment  goods; investment a d j u s t s  t o  changing income 
and savings  l e v e l s .  
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