Agricultural household models
· Ag HH’s in LDC’s make joint decisions over:

· Consumption

· Production

· Work (labor) allocation ( leisure

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

ag. hh models provide a framework for analyzing HH behavior that integrates these three decisions.

*******************************************************Key distinctions/points illuminated by Ag. HH models
· Net selling vs. net buying households (for labor, production)

· Complete vs. incomplete markets

· Backward bending supply curves

Key Assumptions/Stylized Facts
1.  Leisure is better termed “home time.”   It includes:

· Family maintenance (cooking, cleaning)

· Reproduction (kid tending)

· Social obligations (religious, cultural stuff)

· Sleep

2.  Unified household – unanimity, consensus or dictatorship)

· But intra-HH allocation lit. is growing (e.g., Rosenzweig’s seminar) 

3.  HH generally includes only those living in one “abode”

· Remittances treated as exogenous income

A Spartan Ag Household Model with Complete Markets
Setup
· Household produces one food crop, one cash crop using labor 

and one purchased input

· Household consumes the food crop, one non-farm good

· Household allocates time between ag. labor and leisure; labor can 

be sold off-farm and can be hired in (no efficiency differences).

· Exclude non-ag. labor earnings as they add nothing analytically

· Markets exist for all goods produced and consumed, and for labor (no efficiency differences between different laborers, either) ( EXOGENOUS PRICES
· Credit, insurance markets function perfectly too.

Notation

CF
=
Food consumption

CNF
=
Non-food consumption


=
Leisure

QF
=
Output of food

QC
=
Output of cash crop

L
= 
Labor used in production (both household and hired)

QX 
=
Other input used

T*
=
Total time available to the household

W
=
Wage rate

H
=
Household labor 

Pi
=
Price of commodity i (i = F, NF, X)

I. The Constrained Utility Maximization Problem
Max U(CF , CNF ,    ), subject to three constraints:

1. Production (():

G(QF , QC , L, QX)  =  0.     ( Allows for jointness
2. Time:

T* = H + 
( from Becker

3. Income (():

PF ( QF – CF )  +  W ( H – L ) + PCQC =  PX Q X  + PNF CNF
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Constraints (2) and (3) can be combined into one “full income” constraint:

 PF QF + PC QC – PX X – WL  +  W(T*  =  PF CF + PNF CNF  + W
((((((((((((
(((

Farm profit ((*)
         Full value



        of time

II.
First Order Conditions
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Marg. rate of subst. = price ratio for any two goods
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Key Point
1. Production decisions over X and L affect consumption decisions 



via farm profits ((*) in the full income constraint.

2. Consumption decisions do not affect production decisions.  In other words, production is independent of household preferences


and income.

(  ***Recursiveness***

III.  Second Order Conditions
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where (  =  CF dPF  + CNF dPNF  –  (T* –  ) dW  –  QF dPF  –  QC dPC  +  L dW  +  QX dPX.
IV.
Some Econometric Implications
Recursiveness  (  production and consumption sides of the model can be estimated separately (hence “separability”)

Advantage:
Fewer parameters to estimate.  This becomes more important as the non-linearity of the statistical model grows

‘Disadvantage’:
Because production does influence consumption (via profit effects), supply side variables (input, output prices) need to be incorporated into demand systems.

COMPARATIVE STATICS

A. Food Demand
At the optimum,  CF = CF(PF , PNF , W, PX , Y*)

where Y* = PF
[image: image6.wmf]*
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*
Demand depends on prices and income as usual, but prices now have an added effect on income via profits

To see this, totally differentiate CF w.r.t. PF:
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< 0
MS (+ or -)
>0

(P
=
(HICKS   +    [PF(QF – CF)/Y*](F     –   Elasticity form

Points
(1) If HH is net buyer of food, then dC/dP is always negative.

(2) Profit effect means reduces the usual negative relationship. 

(3) If marketed surplus is large enough, then 
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 may actually turn


positive (especially if income elasticity is large)

B.  Leisure Demand

At the optimum,   =  (PF , PNF , W, PX ,  Y*)

Totally differentiating CF w.r.t. PF:


[image: image12.wmf]W

l

¶

¶

=
[image: image13.wmf]*0*0

Y*

                 (T*- L)

WW

Y*WY*

ll

ll

pp

D=D=

¶¶

¶¶¶

+×=+×

¶¶

¶¶¶



(((((
(((((

Standard
“Profit Effect”


Slutsky



Equation



=  
[image: image14.wmf]0

    -         (T*- L)

W

Y*Y*

U

l

ll

l

D=

¶

¶¶

+×

¶

¶¶

×

  


=  
[image: image15.wmf]0

          (H - L)

Y*

W

U

l

l

D=

¶

¶

+×

¶

¶

   [Note: T* = H +  ( T* –   = H]


(((((
((( 
(

< 0
mkt’d
>0



surplus



(+ or –)

Points
1. H – L < 0 ( Net purchaser of labor


( 
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 is unambiguously negative.

2. However, if H – L > 0 ( Net seller of labor (e.g., landless)


( 
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 may be positive (depends on the size of income elast., m.s)

C.   Marketed Surplus

Start with the basic identity:

M  =  QF  –  CF
Totally differentiating:
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· If M (= QF – CF ) is large enough, then the household’s consumption response may outweigh its output response 

( marketed surplus may actually fall when price increases
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V.  Advantages of Ag. Household Models
1. Key empirical distinction of agricultural household models is that they account for the profit effect

· Affects demands for all sorts of commodities (including non-agricultural ones) and labor supply via cross price effects.

· Potentially important for policy design and assessing the impact of policies (e.g., price policies)

· Where profit effects are greatest 

· When profits are a large share of total income
· For commodities having relatively large income elasticities.

2. Explicit linkage of production and consumption points out 


relationships ignored in standard models

· Ag. household model ( W, price of inputs should be in the demand functions.

3. Ag household models are best used when:

· Profit effects expected to be large

· Profits are large share of income

· Income elasticities are relatively high

· No market failures (or limited ones)

empirical results of interest to policy makers

1.  Lower m
arket supply response when profit effects are considered

2. Price policy (or technological change) boosts Labor demand AND tends to lessen labor supply (Singh, Squire, and Strauss, Table 1.5), which is good for landless and smallholders (since it puts upward pressure on wages)

3.  Demand for non-agricultural goods more strongly affected by an increase in the price of food (because the income elasticity of nonfood is usually greater than that of food).  Also, poorer hh’s tend to have lower income elasticities of food demand.
VI.  Extensions

A. Multiple crops
· Accommodates policy questions regarding export vs. food crop interventions (e.g., taxes, price policies).

· Accommodates differences in input usage across crops (e.g., fertilizer)

· (Exogenous) Price increases for one crop affects other crops through income effects (in addition to usual cross price effects)

B. Nutrition
· Modify model by adding set of relationships between 


consumption goods (foods) and nutrients or calories

· Response of nutrients or calorie intake to price changes
C. Health
· Related to nutrition

· Health production function:  H = H(CF, CNF, l, other stuff)

· May affect production function (e.g., efficiency wages)

D. Intertemporal models
· Storage (e.g, my stuff, Saha’s extension)

· Borrowing

STORAGE MODEL (Renkow, AJAE article)

Motivation: Strauss and antecedents

a. Ignored storage

b. Assumed contemporaneous production, consumption, sales

(
(a) might not be so bad an assumption if marginal cost of storage is low.  But (b) is a big oversight since M.S. comes from stocks on hand, not usually from contemporaneous production!!!

An Agricultural Household Model w/ Storage and Borrowing/Credit
1. Inventory cost function:
C(It+1, CFt) = ao + 
[image: image21.wmf]1
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2.  Stock identity:
It  - It+1  + QFt  =  CFt  +  MFt
3.  Budget constraint (including credit market):
PFtMFt +W (Ht–Lt) + Bt = PNF,tCNFt + PXtQXt + C(CFt, It+1) + (1+r)Bt-1
4.  Time:  T*  =    + H

5.  Utility Function:  Ut  = U(CFt, CNFt,   )

Objective Function:
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SOLUTION INCLUDES:
It+1  =  go  +
f × (Pt  + gCFt ,    where 
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MARKETED SURPLUS IDENTITY:

MFt  = QFt  + It  – It+1  –  CFt
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( Result hinges on sign/magnitude of 
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Stock effect is a function of stocks on hand, expected future output, and the mechanism whereby price expectations are formed.

IMPLEMENTATION:

1.  Data

· VLS = panel of Indian households followed for 10 years.  Only cross-sectional time series for storage availabe at the time

· Used 13 households from one of three villages surveyed.  These were then broken down into small (0-2.5), medium (2.5-5.25), and large households (>5.25) to look at differences in responses due to household wealth status.

· Two stored grains (wheat and sorghum) with highly correlated prices were combined into a grains aggregate (= “CF”).  These are the most important source of calories/nutrition.
· Monthly production and consumption data were aggregated into quarterly data.  These were combined with annual inventory data to create a storage time-series for each household.

· Quarterly price data were computed using information on mean value and quantity of transactions (consumption) data

2.  Descriptive statistics (Table 1)
· (1) Average consumption, inventories proportional to farm size

· (2) Average quarterly inventory holdings > average quarterly consumption for all farm size classes.

· Marketed surplus greater for medium households than small households, but smaller for large households.  Maybe because only large households grow cash crops.


Also, M.S. CV’s much greater than CV’s of C, I ( more inter-household variation in sales behavior 
3.  Econometric Issues

Strategy:  Separate estimation of consumption and inventory demand plus use of pre-existing supply side parameters

A.  Demand system
· Rotterdam model for demand system – finesses fixed effects issues (since it’s a first difference model).

· Three commodities: (a) storable “grains,” (b) non-storable homegrown foods, and (c) market purchased goods

· Assumed weak separability of leisure to eliminate labor supply function

· Did not include prices of labor (tsk, tsk, tsk) or other inputs (but little in the way of purchased inputs used, but bullocks are important).

· Separate estimation of demand systems for each farm size class

B.  Inventory demand

· 2SLS estimates for each of three farm size classes, using price of sorghum and non-food price index as instruments for CFt
· One step ahead ARMA forecasts for EtPFt+1  (  prices follow a random walk

· Tobit estimates since negative inventories (e.g., tiedlcredit, forward sales, repayment of informal credit) not observed

· Arbitrary discount rate of .95 (i.e., r=.05) used; sensitivity analysis indicated that results were pretty insensitive to choice of r.

· Fixed effects model ( household, quarterly dummies

4.  Results

A.  Demand (Tables 2 & 3)

· Income elasticities smallest for food staples, largest for purchased goods.

· Most own-price elasticities < -1.

· All own price elasticities of demand positive (Table 3) (stock/wealth/profit effects large.
B.  Inventory demand (Table 5)

· Arbitrage motives only in evidence for large farms
· Food security motive significant for medium and large farms, not for small farms (possible explanation = food for work programs)

C.  Marketed surplus
· Computed for “lean” and “harvest” seasons

· All negative ( stock/profit effects outweigh positive effect on sales of diminished arbitrage opportunities that arise when current prices rise relative to expected future prices.

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

CONCLUSION:  Households respond to price increases by increasing consumption at the expense of market sales

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

I.  Leisure-Income Tradeoff
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· An increase in returns to a unit of labor (implicit OR explicit wage) causes the income constraint 
[image: image30.wmf]B
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 to swivel out (to 
[image: image31.wmf]C

A

).

· The optimum point moves from (1, y1) to (2, y2)

· As drawn, 2 > 1 ( income effect of increased wages outweighs the substitution effect (change in the opportunity cost of leisure)

( backward bending labor supply

II.  Chayanov Model
A.  Features
· Utility maximization

· Product market but no labor market 

( Implicit wage = marg. rate of subst. between Y and leisure
· Household trades off consumption against the disutility of labor 


(Ellis’ “drudgery averse” peasant

· Demographic factors dominate outcome

B.  The Model
Max U(Y,  )  subject to:

Y = P(f(L);  T* = L +  ;  Y ( YMIN;  L ( LMAX
[image: image53.wmf] 

Solution: 
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(
subjective equilibrium

I1 ( I2 follows from increase in HH size (w/o an increase in the # of workers per HH). That is: Y/cap. ((MUY(( subj. wage(.  

Need to feed more HH members( HH more willing trade off morel  for an extra unit of Y (I1 ( I2)

Chayanov Model with Labor Mkt:  Net Buyer of Labor
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· Wage line (ww’) = opportunity cost of family labor

· The steeper the slope of ww’, the higher the wage rate

· Here wages are relatively low (flat slope)

· Production occurs at point A (where MPL = W/P), but the 


household works only at LS and consumes leisure at point B (where MRS = W/P)

· L – LS = amount of hired labor

· T* – LS = leisure

· There is an unambiguous improvement in welfare compared to


the old situation of no labor market.  

· No labor mkt ( LS = L0 and welfare is given by I0 (< I1 ).

Chayanov Model with Labor Mkt:  Net Seller of Labor
· Here ww’ is relatively steep ( high wage

· Farm production occurs at L (all HH labor)

· Off-farm labor = LS – L.

· Leisure is less than previous situation because the wage is high 


( ***** High Opportunity Cost of not working *****
Bottom Line:  

Introducing a labor market renders consumption (of leisure) independent of production decision.

the non-separable ag household model (missing markets)
I.  Non-Separable Models
When one or more market is “incomplete” then recursiveness breaks down  ( consumption variables determine production
Sources of non-separability
· Transactions costs

· Distance to market 

· High transport costs 

· Excessive mkting margins (e.g., traders w/ monopoly power)

· Thin markets 

· Covariate production, 

· Isolated or remote markets

· Not alot of buyers and sellers

· Risk & risk aversion

Market Failure (deJanvry, Fafchamps & Sadoulet)
Definition:  A market fails when the cost of a transaction through market exchange creates disutility greater than the utility gain that it produces, such that no market transaction occurs 

· Non-existence of a market is an extreme case of mkt failure
· More commonly, a market exists but some households won’t 

participate (because gains < cost)
· Market failure is household specific (not commodity specific)

The Price Band Picture
· PBUY and PSELL are the boundaries of the household’s price band (depicted by the red lines).  

· If the households marginal cost (supply) curve crosses its demand curve within the price band, then the household does not participate in the market.
· If the households marginal cost (supply) curve crosses its demand curve above the price band, then the household is a net purchaser.

· If the households marginal cost (supply) curve crosses its demand curve above the price band, then the household is a net purchaser.

Price Bands
Width depends on:
1.  Transport costs

2.  Markups by merchants

3.  Opp. costs of time involved in transactions (e.g., search)

4.  Risks associated with uncertain prices/availability of goods (i.e., certainty equivalent prices less than mkt price).

( Price band widens with:
1.  Poorer infrastructure

2.  Less competitive marketing system

3.  Poorer information flow

4.  Greater price risk.

For a given width price band 

· Net Buyer Household is more likely to stay above the price band as supply fluctuates the more elastic its demand.

· Net Seller Household is more likely to stay below the price band as demand fluctuates the more elastic its supply.

In remote markets with covariate production risk, price bands

move w/ supply shift such that HHs tend to stay self-sufficient

· Positive supply shift ( band moves down ( HH doesn’t become 


net seller

· Negative supply shift ( band moves up ( HH doesn’t become net seller

deJanvry, Fafchamps, and Sadoulet:  “Missing Markets and Peasant Behavior: Some Paradoxes Explained”
I. Motivation
Peasant gripe:  Scarcities of either household labor and food are the norm ( “Labor is short when weather is good”

(
“Food is scarce when weather is bad”

Gov’t gripe: 
Peasants are unresponsive to price incentives and to technological opportunities in cash crop production

[Note:  This issue is framed so that it is more relevant to Africa than Asia]

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

Explanation =   “Market Failure”

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

II.  Model
Max U(c, z)  

s.t.

Prod. f ’n (():
G(Q, z) = 0   [Qi>0 for i ( outputs, Qj < 0 for j ( inputs]

T:
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First order Conditions:
Ui  –  (Pi
=  0,
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**********************************************************

Shadow price of nontradables = the marginal utilities of those goods (or mpl , if leisure)

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

Elasticity of the shadow price of food (NT) w.r.t. the cash crop price:
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Profit effect

GLOBAL ELASTICITIES:
[image: image39.wmf]
Supply:
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cash crop supply elasticity smaller when missing market effect is accounted for
Demand:
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manufactured good cross-price demand elasticity larger when missing market effect is accounted for
III. Simulation Results (assumes 2 goods, food and other)

A.  Change in the price of cash crops
· Small increase in cash crop output if no markets for food because household has to maintain its own food supply (Evidence:  low cash crop supply elasticities in Africa)

· Increases in spending on manufactured goods and fertilizer in the “no markets” case because there’s nothing else to spend money on.

· shadow prices of food and labor increase alot without markets because farmers perceive more serious labor & food scarcities than external (e.g., government) viewers

B.  Increase in the price of manufactured good

· With market failure there’s less incentive to generate cash ( grow more food, less cash crop

· “Devalorises” cash income

C.  Monetary head tax

· Much more severe negative impact on monetized (mkt) goods consumption
· Production of cash crop increases when no food or labor markets exist

D.  Productivity gains in food crops (i.e., technical change)

(1) No market failure

· Substitute from cash crop to food crop production

· MPL 
[image: image42.wmf]­

 (  more labor used

· Y 
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 (  more leisure, more hiring in of labor, more consumption

(2) Market failure

· Less resources (esp. labor) needed to produce food for the family

· This frees up resources for cash crop production

E.  Conclusion

· Opening markets for food will lead to more emphasis on food crop production

· Interplay between market access, technology adoption and cash crop production.

Estimation issues for non-separable models
I.  Reduced form approach
Unobservable  endogenous prices (P*) and income (Y*) are themselves a function of exogenous prices (
[image: image44.wmf]P

) and household production and consumption characteristics (zq and zc).  So the reduced forms look like:

q = q(
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, zq, zc)

c = c(
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, zq, zc)

· These can be estimated ad libidum, but structural parameters cannot be recovered
· A test:  Do zc variables jointly affect q?  If yes, then reject separability.  If no, then do not reject separability
· Lopez rejected separability using Canadian labor market data
· Benjamin did not reject separability using labor data from rural Java
II.  Instrumental variables approach for tradables
qi = qi(
[image: image47.wmf]P

, zq, qj ) where j ( NT

Since the qj’s are endogenous, you need to use an IV estimator

Household production can be cast as a cost minimization problem:
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