Technology Adoption and diffusion 

I. Some Basics
A. Scale Neutrality vs. Scale Biased
· Innovation is scale neutral if it (and its complements) is divisible across an entire range of outputs

· Scale neutral innovations:  Seeds, fert, water from existing well

· Scale-biased innovations:  Tractors, combines, wells

B. Factor Substitution vs. Technological Change
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C.  Biased Technical Change
· If L1/K1 < L0/K0 , then technical change is L-saving ( K-using 

( income share of labor falls

· If L1/K1 > L0/K0 , then technical change is L-using ( K-saving

( income share of labor rises

· It is useful here to think of “K” as LAND:  Does the new technology benefit owners of land or owners of labor (workers)?

Stylized facts from LDC Agriculture
· Land-saving technologies include seeds, fertilizer

· Labor saving technologies include tractors, combines

· Not all mechanization is labor saving (e.g., if it promotes double cropping)

D.  Adoption vs. Diffusion

Adoption = 
Decision by individual farmer to employ a new technology

Diffusion =
Spread of new technology use within a given geographical area or population

II.  Microeconomics of Technology Adoption (Feder et al.)
A.  Farm Size
Indivisible inputs  

Small farms can limit the adoptability (absent a rental market) due to high fixed costs.  (Example: tractor, tubewell, oxen)
Divisible inputs

(a) Small farms tend to adopt more slowly than large farms, again due to fixed costs of learning.
(b) But small farms catch up.

(c) For some inputs (e.g., fert, pesticides) the intensity of use by small farms exceeds that of large farms.  

Reasons:
i.   Greater subsistence orientation; 


ii.  More efficient irrigation; 


iii. More (high quality) family labor.


iv.
Better quality land ( Marginal Product of inputs is higher

***********************************************************

 Caveat:  Farm size proxies for lots of other stuff, like risk Aversion, credit constraints, wealth, access to information 
***********************************************************

B.  Risk
· Hard to measure empirically (hence often ignored. Common proxies include:

· Presence of drought resistant crops (indicator orf risky prod. env.)

· Direct measures of farmers’ risk aversion via elicited subjective yield distributions (O’Mara), gambling experiments (Binswanger)

· Exposure to information  (e.g. extension visits).

· Popular notion: Farmers who are risk averse will wait longer to

adopt

· Melinda, Paul & Howard (also, Roumasset): Evidence that both risk aversion and safety-first criteria are important explanations of 


maize adoption in Malawi.

· Risk can underlie partial adoption (due to portfolio considerations)

· Information acquisition and risk are hard to disentangle empirically

C.  Human Capital
· Schultz: new technology represents a disequilibrium impulse which causes inefficient resource allocation until learning and experimentation lead to a new equilibrium.

· Human capital ( ability to learn faster (i.e., quicker path to new equilibrium)

· Empirical support that education (= human capital?)  is related to early adoption and to greater productivity (of improved varieties only)

D.  Labor Availability
· Depends on whether the technology is labor-using (like HYV’s) or labor-saving (like ox cultivation)

· Also depends on what the bottlenecks are. Examples include:

· W. Africa peak season labor scarcity facilitates ox and tractor 


adoption

· Nonadoption of labor intensive tech where family labor is 


scarce (e.g., parts of India)

· Adoption of labor intensive HYV rice in labor abundant Taiwan

E.  Credit
· Capital is required to finance adoption of many types of new 


technologies (e.g., tractors, oxen, hybrids, fertilizers)


( Differential access to credit leads to differential adoption

· Empirical evidence supports credit constraints hypothesis, even 


for divisible inputs with low fixed costs 

· Complementary lumpy inputs may be part of the story here.

· Credit subsidy programs don’t seem to help (often because they’re coopted by agents for whom credit constraints aren’t binding – e.g., large landowners)

F.  Land Tenure
· More likely to affect rate of adoption than adoption per se 

· New technology may presage changing tenure arrangement (Pakistan tractor example
· Baiduri: Landlord might block adoption of new technology because it reduces credit (interest) income more than raising crop 

income.

· Newbury: If contracts are interlinked, then LL will alter interest rate

· Credit constraints  affect pure tenants more than landowners 


who are also tenants

· Have to be clear about who is making input use decisions (tenant or owner)

G.  Supply Constraints
· Significant complementarities among inputs (e.g, seed-fert-H2O)

· Supply disruption for one input may limit adoption of another

· Key role of gov’t marketing infrastructure/input delivery system

H.  Suitability of Specific Technologies
· Farms differ widely in terms of soil quality, H2O availability, proximity to manure collection center, etc.

· The better the production environment, the greater the probability of adoption

I.  Stepwise Adoption (Byerlee & Hesse de Polanco)
· Many innovations promoted as a “package” of technologies

· Much evidence points to stepwise adoption

· Adoption in order of profitability and risklessness

· Risk aversion, learning important explanators of adoption order

· Key result: Profitability, not yield increase, underlay the order of adoption (i.e., HYV-herbicide-fertilizer, NOT HYV-fertilizer-herbicide

FOLLOW-UP TO SMALE, JUST, & LEATHERS ARTICLE
1. Distinguish between OPV’s and Hybrids w.r.t. how binding credit constraints are.

2. Note how the Safety First paradigm is inextricably bound up with notions regarding thin markets in the paper.  But…

· Consumption side variables are  absent from the regressions

· Prices for both HYVs and TVs were observed ( some transactions in x were observed ( they should have included variables that accounted for (HH-specific) transactions costs.

3. Estimation strategy:  Model suggests certain variables be included in the reduced form.  S, J, & L ascribe structural meaning to each of these 4 types of variables.  I would quibble with what the “Safety First” variable 
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 really means, though!
4. Statistical test:  Logical fallacy in rejecting competing hypotheses only because you cannot reject a different one (AM).  This is a straw man because:

· S, J, & L overstate the extent to which other authors “dismiss” alternative explanations

· It is  nice to have alternative explanations laid out in concrete terms (appealed to the editors, too!)

Oddness w.r.t. PX and PY:  Are they equal?  Are there observed transactions of X?  If so, does the missing market assumption hold up?

5. A Joint Product Explanation Of Partial Adoption
Grain-fodder example
· Assume that households produce a crop of maize that has two products – grain (G) and straw (S).  

· The household consumes the grain and its livestock consume the straw

· Households derive utility from their own consumption of grain and their livestock’s consumption of straw (i.e., the well-being of their livestock confers utility to the household):
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· Households have marketed surpluses of straw, grain, and livestock that may be positive or negative

· There are two varieties of maize, an MV and a TV.  The MV has higher yields of grain and lower yield of straw

When market for straw is absent, then households will need to partially adjust such that the indifference curve is just tangent to the (linear) production possibility frontier
TWO INTERESTING RECENT ADOPTION PAPERS
Theme:
Specific aspects farmers’ circumstances matter in determining whether or not a new technology is adopted.

I.  Bellon & Taylor
· Focus on the differential land quality within farms and consequent differential yield impacts of HYV’s for different plots

· Policy hook:  If partial adoption is optimal, then policies that attempt to promote “uniform” (complete) HYV adoption will result in less-than-efficient outcomes

Three cases:
A.  Homogeneous land quality, perfect capital markets

· This is the traditional neo-classical case

· Expected profits, costs for a technology are the same on all land 


( complete specialization:  Adopt iff E(MV > E(TV
B.
Heterogeneous land quality, perfect capital markets
· Complete specialization on all plots

· Certain technologies may dominate on some but not all plots

( partial adoption w.r.t. whole farm

C.  Heterogeneous land quality, imperfect capital markets

· Complete adoption on plots with highest difference in E(, up to the point where capital constraint binds

· If sunk cost of adoption > capital constraint, then no adoption will even if E((MV) > E((TV)

Testable Empirical Implications:

Case 1:
Marginal increase in farm size will have a positive effect on the area in the top-performing variety, zero effect on the area for the other variety
Case 2:
(a) Marginal increase in endowment of “high quality” land will have a positive effect on the area MV, zero effect on the area for the other variety


(b) Marginal increase in endowment of “low quality” land will have a positive effect on the area TV, zero effect on the area for the other variety
Case 3:
(a) Variables associated with looser capital constraints on individual farms (like wealth) will be positively associated with MV adoption.

Bellon and Taylor Model

	Land Quality
	Capital Mkts
	Outcome
	Testable Implications

	Homogeneous
	Perfect
	1) Traditional neo-classical case

2) Expected profits, costs for a given technology the same on all plots

3) Complete specialization

4) Adopt iff E(MV  > E(TV
	Marginal increase in farm size will have positive effect on the area of the top performing variety, zero effect on the area of the other variety

	Heterogeneous
	Perfect
	1) Complete specialization on each plot

2) Certain technologies may dominate on some (but not all) plots

3) Partial adoption w.r.t. whole farm
	1) Marginal increase in endowment of high quality land ( positive effect on MV area, n effect on TV area.

2) Marginal increase in endowment of high quality land ( positive effect on MV area, no effect on TV area.

	Heterogeneous
	Imperfect
	1) Complet adoption on plots with the greatest difference in E( (up to the point where capital constraint binds)

2) If sunk cost of adoption > capital constraint, then no adoption will occur, even if E(MV  > E(TV
	Variables associated with looser capital constraints on individual farms (e.g., wealth) will be positively associated with MV adoption


Econometric procedure
Estimating equation:  
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where 
i = land quality


j = variety


n = farm


( = vector of exogenous variables 

Exogenous variables:  Fragmentation, age, schooling years, rich/poor, remittances, demographics (# of male children), off-farm income indicator

Test: Are the betas the same across all land qualities? 

Interesting results:
1.  Clear evidence that land quality affects adoption of MVs, IMVs (Tables)

2.  Clever use of elicited information regarding soil types (“taxons”)

3.  “Rich” farmers more likely to adopt MVs, less likely to adopt IMVs


( They take this to stand in for credit constraints (???)
II.  Adesina & Zinnah

Three models of diffusion:

1.  Innovation-diffusion model 
· Takes appropriateness of innovation as given

· Lack of information constrains adoption

· Extension, on-farm trials, experiment station visits “convert” skeptics

2.  Economic constraint model
· Asymmetrical distribution of resources is major determinant of 


adoption, and hence diffusion patterns

3.  Adopter perception model

· Attributes of the innovation itself conditions adoption behavior

· Focus is on the appropriateness of the technologies considered

Approach

· Estimate an adoption model using both farmer- and technology-specific 

variables (no differences in resource endowment to test model 2)
· Farmer variables are proxy for the innovation-diffusion model

· Technology variables proxy for the adopter perception model

· Sample of mangrove rice farmers in the Great Scarcies of Sierra Leone

Estimation (Tobit) Results

· Full model – only the technology variables are significant
· When only farmer variables are used, some are significant

FORMALIZING THE CHARACTERISTICS MODEL

1.  Assume each variety i is assumed to contain different quantities of m different consumption characteristics (zc1,…, zcm), plus one additional characteristic (zcm+i 
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 i=1,…,n) unique to that variety. Thus there are n+m characteristics in all (assumed to be non-stochastic and completely observable by households).

2. Define zcij to be the amount of characteristic j obtained from the consumption of maize variety i, and denote zc0j as the total amount of characteristic j consumed by the household.

3.  The utility function is defined over the zc0j’s, which are in turn functions of the ci’s:
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where hc is a vector of socioeconomic household characteristics (e.g. composition of the household, human capital indicators, among other things) affecting utility.

Example: If there are three varieties and two maize characteristics (and both can be provided by any of the three varieties, i.e. there is no characteristic that is unique to any of the varieties), the utility function can be expressed as follows:

U = U[ z01c (c1, c2, c3), z02c(c1, c2, c3), z03c(c1), z04c(c2), z05c(c3), CN, l | hc ]

Solution:       
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Implication: At the optimum, MRS i, j = MRT i , j  = Pi / Pj for varieties i & j

But now the MRS’s are the sums of partial marginal utilities of the various characteristics, weighted by the partial derivatives that indicate the contribution of each additional unit of variety i consumed to the total amount of characteristic k obtained by the household 
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Technology Diffusion
· Theoretical and empirical evidence on adoption indicate 


widespread differences across farms in:

a. Whether or not they adopt

b. How rapidly they adopt

c. Whether they adopt fully or partially

· In the aggregate, this gives rise to S-shaped diffusion curves:
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· S-curve is summarized by three parameters

a = Date of initial adoption (origin) (or initial adoption level)

b = Relative speed of adoption (slope)
K = Final level of aggregate adoption (ceiling)
A. Origin
· Hybrid corn study:  Initial adoption of hybrid corn depends on availability of seed which in turn depends on expected profit of the seed company exceeding the cost of development:

E( = f(mkt size, dev’t cost) ( availability ( initial adoption
Hybrid corn story is relevant for an existing innovative approach.  But what causes research that produces a successful innovation?

a. Luck

b. Induced innovation hypothesis:  Both public and private entities respond to relative prices/factor scarcities ( scientific effort devoted to developing methods/technologies that use more of abundant resources and less of scarce resources.  

Examples
1. Japan:
Labor abundant/land scarce ( yield enhancing seeds

2. U.S.:
Labor scarce/land abundant ( mechanization (labor saving)

B.  Variables determining the Rate of Diffusion
1. Yield differences between new and old varieties

· i.e.,  shifts in unit cost of prod (these vary across farms)

· Seeds, fert:  adaptability to different prod environments
2.  Lumpy inputs: May be scale biased until rental mkts develop

3.  Impact on yield variability: risk enters here

4.  Distribution of human capital and information

5.  Stepwise adoption (i.e., time between steps)

C. Ceiling
Cumulative adoption of less than 100% may be due to:

1. No yield or cost advantage for some farmers

2. Food preferences: some farmers prefer traditional variety in diet

3. Yield variability (risk considerations)

4. Safety first reasons (again, risk)

5. Differential success of adaptive research

GREEN REVOLUTION

A. Origins

Ford Foundation ( IRRI (1960)

Rockefeller Foundation ( CIMMYT (1966)

Work on semi-dwarfs began in the 1940s

Rice:  
DGWG (China) ( IR8

Wheat:
Norin (Japan) x Brevor (WA) ( Range of semidwarfs
About Semi-dwarfs
· Higher proportion of biomass devoted to grain

· Short stature ( No lodging problem

· Fertilizer responsive

· Photo insensitive & shorter duration ( higher cropping intensity
· Best suited to well-watered (e.g. irrigated) conditions

· Self-pollinating (
self-propagating (no reliance on seed distrib. infrastructure after initial introduction)

B. Diffusion
· Wheat first introduced in Mexico, India, Pakistan

· Rice first introduced in Philippines, India

· Basic source of germplasm from IARCs with adaptive breeding 


in by NARS.

· Continuing developments in breeding led to greater emphasis on:

· Disease resistance

· Yield stability

· Drought tolerance

· Timing (e.g., late planting)

C. Ruttan’s Generalizations about Rice and Wheat HYVs
1. Rapid adoption where technically and economically superior

· 60 – 90% adoption in first four years was common

2. Farm Size, Tenure not Serious constraints on adoption

· Large farms were early adopters but small farms caught up
3. Scale neutrality and factor neutrality of HYVs

· No differential productivity effects (large vs. small, own vs. tenant)
4. Increased demand for labor

· Required more labor per unit of land (land-saving)

· Had higher cropping intensity

· Required large increases in labor use on harvesting, threshing

· Led to significant migration into adopting areas

Digression:   Farmsize–Productivity Relationship
Ideal productivity measure:  
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· Few empirical studies have come close to measuring this

· Those that have indicate a significant negative relationship between farmsize and profit for all but smallest farmsize classes

· Lots of empirical work shows this inverse relationship using  (/acre or output/acre.

Basic Analytical Issue


Large farm “assets”

vs.

Small farm “assets”

Scale economies (lumpy assets)

Rental mkts dissipating IRS

Access to credit




Family L quality advantage

Superior (?) management skills

Supervision economies

MECHANIZATION

Types
· Land Prep: 
Tractors, cultivators, tillers

· Planting:

Tractor plows, seed drills, disk harrows

· Harvesting:
Combines, harvesters

· Post-harvest:
Threshers

Purported Positives
1. Timeliness of planting ( increased yields

2. Timeliness of planting ( increased cropping intensity

3. Planting improvements ( facilitate weeding ( increased yields

4. Seed drills, other planting techs ( better H2O use ( yield (, (2 (
5. Tractors ( area expansion unfeasible with bullock, human labor

Purported Negatives
1. Displacement of labor, tenants

2. Negative income distributional effects due to differential adoption

Two Views of Mechanization (Binswanger)
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 “Substitution” View
· Mechanical and human power are perfect subsititues

· Factor price relationships drive switch to mechanical technologies

· Relative price of labor might rise due to labor scarity or distortions that lower the relative price of machines
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Net Contributor View
Relative factor prices are constant, but new mechanical technologies lead to move from isoquant I1 to I2 ( Labor-biased technical change

III. Implications
1. Net contributor view sees mechanization as an engine of growth due to better tillage, more timely operations, yield increases, double-cropping (i.e., more output from less inputs)

2. Substitution view sees mechanization as moving along an isoquant

( Alter factor proportions to achieve allocative efficiency

3. Both can happen at once, of course.

IV. Binswanger’s South Asia Tractor Survey
· Some tractor farm studies indicate higher yields, but these are due 


to fertilizer.  

· No evidence supporting the timeliness arguments

· Utilization related to farm size

Basic findings:  

1. Tractorization due to substitution

2. Constant real wages, falling tractor prices (due to subsidy in Pak.)

3. India: Tractorization mainly confined to areas where real wages (
( Large farms tractorized to avoid labor mgmt problems in India

DISTRIBUTIONAL EFECTS OF TECHNICAL CHANGE
I. Stylized facts about the Green Revolution (again)
A.
Increased labor demand and real wages in affected areas

· Mainly in harvesting, threshing

· Also due to cropping intensity increases

B. Initial gains captured by large farmers (early adopters), with subsequent “catching up” by small farmers

C. More widespread adoption of improved technologies in favored production environments

II.   Speculations about the Green Revolution
A.
Lowered food prices or dampened food price increases

B.
Widened wage and income differentials between favored and marginal production environments

III.  Potential impacts of seed-fertilizer technologies
A. Direct (production) Effects
· Increased yields

· Stabler yields

· Reduced production costs

· Shorter growing seasons

B. Indirect (market) Effects

· Producer and consumer prices

· Wages

· Land rents and land prices

IV.  Key Issues in Evaluating Technological Change
A.  Impacts on production

B.  Impacts on farm profits

C.  Impacts on farmers’ incomes

D.  Impacts on wages and laborers’ incomes

E.  Impacts on food prices and consumers’ incomes

F.  Impacts on government finance

V.
Key Determinants of the Income Effects of Regionally Differentiated Technical Change

PRIVATE 

A.
Open vs closed economy

B.
Net producers vs net consumers

C.
Adopters vs non-adopters

D.
Mobility of laborers

E.
Government intervention into commodity and factor markets

partial equilibrium analysis assuming:

· Zero adoption in “marginal” production environments.

· Complete adoption in “favored” production environments.

· Marginal prod environment is net importer of food 

· Favored prod environment is net exporter (excess supply)

VI. Open Economy Case
· No price change

· Favored region producers big winners

· National:  reduce import demand (or increase exports)

VII. Closed Economy Case

· National:  Price drops due to aggregate supply shift

· Consumers gain unambiguously (due to price drop)

· Marginal, urban areas gain as they are net consuming regions

· Results are ambiguous for producers in adopting (favored) region

·  Price falls but output increases.

VIII.  Semisubsistence Households (closed economy)

· Very similar to previous, but substitute “net consumer” for “net importer,”  and “net producer” for “net exporter”

· National:  Price drops due to aggregate supply shift

· Net Consumers gain unambiguously (due to P ( )

· Non-adopting net producers lose unambiguously (due to P ( )

· Results are ambiguous for adopting net producers (P ( , Q( )

IX. Conclusions from Partial Equilibrium Analysis
Open economies

· Adopters are big winners

· Direct (productivity) effects outweigh indirect (wage) effects

· Zero output price effects

Closed economies

· Price drops ( Net consumers are big winners

· Ambiguous welfare effects for adopting net producers

· Adopting net consumers fare better than adopting net producers!

****************************************************

* The open economy case is probably more realistic *

****************************************************

SYNTHESIS OF PARTIAL EQUILIBRIUM RESULTS

Open Economy
Closed Economy
National Effects
Consumers

0
(
Food Price

0
(
Foreign Exchange
(
0

Adopting Area
Net Producers
(
?

Net Consumers
(
(
Agricultural wages
(
(
Non-adopting areas
Net Producers
(*
(
Net Consumers
(
(


Agricultural wages
(
(
* = due to wage effects

II. Some Empirical Evidence
A.  Product Markets

· Alot of empirical work in the 1970s and 1980s using the partial equilibrium framework for the output market (e.g., Scobie & 


Posada, Hayami & Herdt).

· This work essentially played around with demand and supply elasticities and different levels of supply curve shift (“K”) to assess 


impact of HYV’s on welfare of different groups.

· All assumed that markets were closed.  Is this reasonable for widely traded (tradable) commodities like  rice, wheat and maize?

B. Labor markets
1.
Lots of farm management data supports shifting out of LS in favored (adopting) areas

2. Little empirical evidence supporting wage increases
· Mainly stagnant or at best slightly increasing where rapid adoption occurred.

· Pakistan: Wages up by 8% between 1964 and 1969, but not in real terms

· Possible explanations for small wage increases (consistent with 

the hypothesis that workers better off after adoption):

· High initial unemployment or underemployment

· High rates of population growth

· Heavy in-migration

· Changes in rural-urban migration patterns (see below)

3. Migration
· Significant in India (Bihar, Rajasthan ( Punjab) with reduction in 


wage differentials

· Otsuka and David work claims migration occurred in SE Asia, but 


their methodology has the following problem:

· They assume away the importance of rural-urban migration

· This may dominate any rural-rural migration effect both in terms of wage equalization and population growth rates (man/land ratios)

· Pakistan:
Lots of rural-rural migration, but mostly close to home;  



data is limited by seems to indicate weak support for migration as having limited wage growth

C. Caveats about labor markets
Transactions costs of moving

· Migration will occur gradually over time, not instantaneously

· Labor more likely immobile in short run, mobile in long run

Rural-Urban Migration
· More important than rural-rural migration quantitatively

· If adoption narrows the gap between agricultural wages (in adopting region) and urban wages, then adoption ( less rural-urban migration ( dampened agricultural wage increases.

multi-market Models
I. Partial vs. general equilibrium approaches
· Partial equilibrium good for understanding impulses emanating from different markets

· Multi-market:  Able to sort out the multiple effects of a specific technology  (or other shock) on various classes of agents

· This is particularly important in the context of LDC households because of their semisubsistence nature (multiple “hats”)

II.  Benefits of Multi-market Models
· Allow analyst to “add” up the indirect effects operating through different markets

· Synthesizing multiple markets in the analysis is superior to partial equilibrium analysis

· Multi-market models need not be terribly complex (e.g., multimarket models) – strike balance between completeness and tractability
· Once operational, they allow simulation of the impacts of various policies and exogenous events (e.g., technology shocks, govt policies)

· Caveat:  MMM ( Full general equlibrium, because it ignores macro effects (e.g., balance of payments, savings & investment, supply and demand for foreign exchange, etc) 


( MMM is a sectoral  approach

III. Multi-Market Model Basics
1. Choose the key mkts, classes of economic agents of interest
Pak Example: Focus on impact of technical ( across region, HH type

· 3 regions – Favored, Marginal, Urban

· 2 commodities produced – Wheat and “other”

· 2 inputs – Labor and fertilizer

· 2 commodities consumed – Wheat and “other”

· 3 rural HH types – landless, small landowner, large landowner

· 2 urban HH types – “rich” and “poor”

2. Write down set of behavioral equations describing HH 


economic activity

Pak Example:

Production core
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Labor supply
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Note:  Labor supply a function of real wage W/P* where P* is a household specific price index

Consumption core 

Ni(Ci(PW , PO , Yi ),    i = LL, Sm, Lg

--------same for RF----------

Income
Yi  =  W
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Note:  ( is net revenues from production less costs of labor, fertilizer

Group-specific Price Index changes
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Closure
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    either nationally or regionally 

2.  G + (Q  =  (C
  nationally (G = net imports)

3. Do proportional change algebra to each (general) equation to express everything in “rate-of-change” form:
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Solution:  HU = K  ( U = H-1 (K

POINTS
1. These kinds of models compare “snapshots”  taken at two different points in time

2. They are also equilibrium models in that they assume market clearing in all markets.

3. They can and should therefore be interpreted as comparing pre- and post-shock equilibria.
4. They ignore possible disequilibria in initial shapshot!!

IV. Empirical Implementation
Two traditions:

1. Binswanger and Quizon:  

· Estimate all producer, consumer and factor market relationships 


to get elasticities. 

· More rigorous, more data intensive 

2. Braverman and Hammer:

· Pick “plausible” estimates from other studies

· Quicker, dirtier, more pragmatic

Resolution:  Sensitivity analysis (systematically ( exog. parameters)

Examples of multimarket models (from S & dJ, ch. 11)
1. Effect of public investment in India (Quizon & Binswanger)

· Technological change

· Fertilizer subsidies

· Investment in irrigation/infrastructure

· Tax and subsidy schemes 

2. Price Policies in Senegal (Braverman and Hammer)
· Producer subsidies

· Consumer subsidies

· Fertilizer subsidies

· Devaluation

DYNAMICS OF INCOMES IN PAKISTAN, 1965-1987

I. Farm Profits
A. Green Revolution period
· Big increases in irrigated areas (small farms: +100%/ha, large 


farms: +50%)

· Increases in rainfed areas due to good weather, mechanization

B. Post-Green Revolution period (1976-1987)
· Rose into the 1980s, then fell for both Irrig & RF, small & large farms, because PF (, W(,  and technological ( slowed
II.  Wages
A. Green Revolution (1966-1975)  

· (LD = +2.6%/year, (LS = +1.7%/year ( (W = 6-8% per year

B.  Foreign Employment Boom (1979-1988)

· Average official remittances = $2.5 billion per year (8.5% GDP)

· 60% of migrants from rural areas ( Wages rose in rural areas 
· Most remittances used for consumption, but some investment in agricultural land, machinery (esp in irrigated areas).
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