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The food consumption choices of semi-subsistence households respond
 
to economic variables. For most foods consumption rises as household
 
expenditures rise. Cassava may be an exception in Sierra Leone; sorghum

is an exception for over half the households in the Kano State sample.

Tndeed, sorghum is a Giffen good (with an own-price elasticity of +.92) for
 
the average household in that sample.
 

Both own-price and cross-price elasticities are revealed by the data,
 
even though most households produce most of the food they consume. Own
price consumption elasticities are usually negative, but not always so
 
from the single-equation estimates. In low-expenditure households the
 
own-price elasticity for rice in Sierra Leone is -.90 from the single
equation estimates and -1.26 from the household-firm model estimate. In
 
the latter case, when production effects are also included the rice
 
elasticity becomes -.44. Rice production is a much more important source
 
of income for low-expenditure households than for others.
 

In Sierra Leone the calories available to the household rise with
 
expenditure levels. (The expenditure elasticity at the mean of the sample

is +.86.) Taking production effects into account, calorie elasticity with
 
respect to the price of rice is negative (-.26) at the mean of the sample,
but positive (+.19) for households in the low expenditure group. Government 
policy that raises the producer price for rice increases the energy content 
of the diet slightly for the households most in need of more calories; other 
households tend to reduce energy intake. 

In the Kano State village sample caloric availability decreases slightly
 
as expenditures rise except for households that are already somewhat above
 
the mean. As incomes rise households below the mean reduce sorghum consump
tion in favor of more expensive sources of calories. The elasticity of
 
caloric availability with respect to the price of sorghum is +.15 at the
 
mean of the Kano State sample. As sorghum is a Giffen good, at a given
 
level of money expenditure higher sorghum prices induce households near and
 
below the sample mean to consume more sorghum (and thus more calories).
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Rice consumption at low expenditure levels is highly responsive to the
 

prices of palm oil, dried fish, groundnuts and non-food goods, but is little
 

affected by the prices of cassava and of other cereals. The influence of a
 

production response on the elasticity of rice consumption with respect to the
 

price of palm oil is seen in the negative sign of the cross-elasticity coeffi-

cient. Greater production of palm oil is associated with greater consumption 

of palm oil and less of rice. 

In short, inccme and price variables play significant roles in Influenc-

irg food consumption amnong rural households in Sierra Leore. Their effects 

must be taken Into account in any prediction of the nutritional effects of 

economic policies. 

CHAPTER IV 

SYSTEMS ESTIMATION OF THE 
HOUSEHOLD-FIRM MODEL 

In principle, food consumption should be estimated as a system. Food 

consumption decisions are interrelated among themselves; the labor-leisure 

choice affects the level of Income available for expenditure; and, in the 

semi-subsistence household, consumption and production are, in effect, joint 

decisions. To take account of all these relatio:iships-to trace all the Impacts 

of socio-economic variables on huusehold food consuimption-it Is necessary 

to account for those felt indirectly through influence on the production 

and labor supply activities of the household as well as directly on food 

consumption. This requires a househu!d-firm model. 

1.1-,dellinn the Rural Housi,hold 

We assume certainty and abstract from time. A household utility 

function is assumed with arguments bcing household consumption of various goods 

and of leisure. Goods may be bought or sold in the market and produced. Labor 

may be bought or sold in the market. Goods are produced using labor, land 

and fixed capital. Land is assumed fixed In toital amount but must be dis

tributed between uses. A time constraint exists equating household leisure 

49 
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Table 4.6 Table 4.7 

Mean Values of Production-Related Data, QuantitiesI Produced, Consued, and
 
EA 13 ..,d Other Households 
 Marketed by Expenriiture Group 

Entire 	 ExpenditureVariable EA 13 Non-EA 13 Sample 	 Commodity Group Produced Consumed Marketed 

Value of ProductionI Rice 	 Low 902.8 232.S 670.0Rice 	 62.7 283.S 267.5 Middle 1, 114. 3 54:. 3 620.0Root crops r other 	cereals 27.9 64.4 61.8 liolh 1,622.2 973.7 6"S.5Oils and fats 	 20.6 104.2 98.1 Mean 1,227.5 521.3 540.7 
Fi!-h and animal products 733.5 23.0 74.5
M.iscellanous foods 331.8 53.3 73.5 Root crops Low 69.0 29.7 39.3 
,o nfocids E2.8 25.0 29.2 and 	 Middle 3S.3 '4. 1 28t. 7Value of Labor Demand 954.7 367.5 io.0 other cereals 	 High 7441.6 194.9 549.7 

Wcan 422.1 11i.5 310.6 
Prices-

Rice 	 .19 .22 .22 
 Oils and fats 	 Low 5. 26.3 59.2Root crops & ether cereals .25 .14 .15 Middle 212.0 60.0 1F2.,

Oils and fats .37 .41 .41 
 lEiqh 447.2 15l4.1 24,1.I
Fish and animal products .17 .52 .49 Mean 242.2 U6.7 155.5
 
Mic_-:la:ecus foods .15 .29 .26
 
N onf. x' s 	 2.23 1.25 1.32 Fish and 	 Low 18.0 49.4 -31.4
 
Lzbor 	 .15 .08 
 .08 	 animal Middle 
 48.3 103.2 -. 9 

products Hi h 507.7 303.3 205.4Hous,-io!d Ch3racteristics 
 Mean 151.5 12T. 7 22.B 
Ctd.twjted !and:d4 1.6 6.8 6.4
 
Ca itl. 214.3 35.1 48.1 
 Miscellaneous Low 93.0 50.0 43.0
Proportion of households 1.00 0.00 .07 foods 	 "..iddle 191.3 11i:.4 77.9


in EA 13 ligh 515.3 5.0 350.3 

Mean 262.3 110.5 151.8 
In Leones. Valued by weighted sales prices. Nonfoods Low 10.8 ;5.2 -134.4 

i d:e 	 19.11 29 .0 -277.1
Wrviqhted sales prices. In Leones per kilogran for foods and per 33.9 2.h0 

hour of male eouivalent for labor. ,can 22.1 9 -25.S 
3

1n acres. 


Labor 	 Low 3, 953.8 3. 'i 3 163.5
Middle 11, E. 7 1,4 1 -13S.44
 

Annual flow in Leones. 

Hih 5,6Z7.8 6,14.4 -453.6
Mean 1,670.2 4, -159.5 

1
1n kilograms for fe,,ds, hours for la!-,o'. 

2 Produced and consumed correspond to supply and demand. 
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4Consudity 


TABLE5,1 
PERCAPITAC0UUIPTION ANDPlOMICIIOII ESTIMATESFORRURAL

PUPULATION SILR1AOFAREASA1131LLO., LEONE,1974175 "
 

Conssi~ption 
 Production
 
5
AllEightZones Excluding
loneSeven Allldin
GroupAl 

Homen*.Total From, Toa FronIIons Eight . Zone b . .Production .j Ttl.. Production ZonesSen 

Clean rice 6,8 63. . 88. 66,2 190.0 209
 

*Other cereals . .97 .8.5 . 12.8 .11.2 10.0 13.2-Cassva-'--14. ' . .. ....- ;';n--i4:3 .; - 6 .. 12.9 6. . 22. , 
* .(3:1) (5.1) .(3.1) . (5.1) (5.4) (5.4)


Yam]s . 0,7 0.6 0.9 0,8. 1.0 . 1.3. sOterosro . (0.7) . (0.7) . (0.7) (0.7) (1.3) (1.1)Ote otcos0.3 0.3 0.5 0.4 
 0,4 0.5
 

Palmkernel d ... . ... ... 241.3 312.8
Pal oi 1,4 ,9(260.6) (260.6)Pai i 246914.1(2.7) (1(2.) 9.0 9.2Palm kernel oil 0.1 0.0 (1 6 2.1) '.(2.1). 0.2 0.0 0.1 0.1 

Ote is(0.1) (0.0) (D.1 (0.0) (0.0) (0.0)Ote 2.3isand fat% 2,2 3.0) 3.0 3.1 4.1(2.8) (2,8) . (2.8) (2.8)Groundnitsro (4.1) (4.1)6t 52 8.5 6,8 82nB.? 10.7(2.4) (23) (2.4) (2.3)Otherl ognreo. Ile " (.3) (4.3). I.1,. . 
(0.9) ((0.9) (08) (0.) (0.8)
 

fish, 53.7 7.7 65.1 10.1 57,?
(13.2) (5.0) (131) 75.6(5.0) (5.,1) (5.1)Geame 
 1.4 0.3 1.7 . 0.4 0.3 0.4 
(0.6) (0.1) (0.6) (0.1) (0.1)
Otherteat (0.1)
1.2 0,4 1.6 
 CIS 0.4 
 0.5

(0.8) (0.4) (0.8) (0.4) (0,4) (0.4)Otheranimalproducts 0.2 0.1 0,3 
 0.1 0.1 
_ _ _(0,1) (0.1) (0,1) (0.1) 

0.1
 
(0.1) (0,1)
 

TABLE5.1-(Continuid)
 

_________Coulsuption 
.Production 

Coenrod AllEightons
Ity 
 . Excluding Seven AlEcldnZone
: Group: 5 " I Excluding 

1ro ,sin
Total . l,4e Eight Zone
Seven
Other _ _ _ __ _Total Pr duction Zones b 

Vegetables 
 9.6 6.0 
 12.5 7925.0 
 33.0
 
C3.t) (2.4) (3.5) (2.4) 3) (3.)Cra 5rit 3 4 6 3.930
(134) (06) 6.4 8.4


plantain .40 (1,4) (1.6) (3.6)
8A.',na, d i.0,2 (3.6)
-(0.4) 0.2 0.0 0,3
(0,) (0.4) 0.4
Otherfruits 1.6 4 1,4 
(0.3) (0.3) (0.3)
2.1 2.4 3.
(09) (0.) 
 (09) (0.) (.9) (0.9)
 

Sugarr 0, 
(0.3).. 0:4
 

Saltandothercondiets ,2 . (01)
 

Klnt(0.3) 2.73
uant2.5 2.4 3.3 
 3.2
(0.7) (0.7) '(0.,) (0.7) 2.6 3.5(3.6) (3,6)Beverages, non-alcoholic 0.6 G.5 0.7 0.6 
 1.0 1.3
 
Beeae,looi (0.8) (0,8)
lohlc43.9 41, .8,) (0.8) (0.5)Beeaes .(0.5) 

(45) 908904,
9
( ) , 4.1 (4.3) (4.3)
 

$Standard
errors
aregivenInparentheses. 
n_______ 

NoPlateau. . 
o0,'", " . OZ (.B) " (3 ).Northern {N .- N (i .sTte Nlnanedeoeo ,
. '
 

standardc .. are1 errors for eight andforseven htos identical caude Zone7 couldnotbe sedin esti t ating them. 

Pamernel is not consumed in sigvliIca.t WeIecladeareust.. 
 it here because it is Produced jointly with palmoil whenthefreshfruitIsprocessed.
PalIMkernel can also be produced without producing oil bycollecting9 thedriedfruit,
 
ilnfreshfishequivalents,
Dried fish weights were converted to their freshProduction areforfreshfishonly, 

weight equivalent, bymsultiplying by1.613.figures 

fNoneJs produced by the households Ie our simple. 
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in this wage increases caloric availability by 5 percent. Autonomous changes
 

in the price of rice do not have an appreciable effect on calories consumed.
 

However, the most important policy questions with respect to nutrition
 

concern the effects of price and wage changes on the caloric adequacy of the 


diets of low-incomoe households. The point elasticity results by expenditure 


class (Strauss et xi., 1g31b, pp. 49-52] show that a rise in the price of
 

any output group has a positive effect on the calorie consumption of low

incore households. The effects are positive, but much smaller, for households
 

at higher expenditure levels, with two significant exceptions. For oils and
 

fats and for rice a higher price means fewer calories consumed in the two
 

higher expenditure classes. The price of labor, however, has a greater 


positive effect on caloric cunsu-,ption than the price of any output group.
 

In short, any increase in an output price improves the energy content 


of the diet of low-expenditure householdc, but an increase in the value of 


agricultural labor is still more teneficial. 
 One policy conclusion is that 


any measure that increases aq-cui:ual productivity raises household 


income and consumption and benefits the rural sector in that way. Much is 


being done along tnose lines in Sierra Leone. Unfortunately, efforts to 

expand rice production hold little prcmise as means of increasing labor 

productivity. Recent studies sh ,- the true returns (exclusive of 

subsidies) From rice production generally to be low [Spencer, Byerlee and 

Franzel, 1979, p. 43; Snodgrass et al., 1980, pp. 155-6]. 


CHAPTER VI
 

THREE VILLAGES IN KANO STATE
 

During the 1974-75 agriculture year Peter Matlon conducted 
a survey
 

of production and expenditure activities in three villages in Kano State,
 

Nigeria. Although this study was not planned as a study of fotcomnsumption
 

patterns, Matlon collected accurate quantity records for al,.ost ali foods
 

likely to enter into household consumption. He generously made his data
 

available for our use.
 

The Data
 

In most respects the Kano State data were similar to those collected
 

during the Sierra Leone survey, but in one respect they were quite different.
 

Matlon's sample consisted of 135 households, 45 selected at random in each
 

of the three villages studied. Twelve of each 45 constituted his "small"
 

sample; the rcaindcr the "large" one. Small sample households were inter

viewed two to three tires weekly for data on cash consumer expenditures and 

off-fan earnings, and weekly for data on sales and p:irchases of inputs and 

outputs and on loans and gifts. The large sa ple was intervie,,ed monthly. 

This difference in interview frequency affected the quality of the data 

obtained and significantly complicated our analysis. 

IFor a detailed description see Smith et al., 1982, Chapter 1. 
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TABLE 6.2--Continued 


W*AGE Age of household head 


LITERAT Binary Variable for literate household head 

(=1; =0 otherwise)
 

MAOTH Non-Moslem Hausa (Maguzawa) and any other non-Hausa ethnic
 
group (=l; =0 otherwise) 


FUL Binary variable for Fulani ethnic group (=1; =0 otherwise) 


SHOG 	 The value of groundnuts harvested as a share of the value 

of total food crops harvested.
 

SSHO 	 Total food crop sales as a share of the value of total
 
food crops harvested.
 

IOdrdu household normally has two or more male adults, with their 


wives and-children [Matlon, 1979, pp. 57-591. 
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Using these source variables creates an econometric problem, for the
 

share variables may be partially endogenous. (Their value may depend in
 

part on decisions made with respect to the dependent variable, consumption.)
 

Such endogeneity biases the parameter estimates. This is a cost we accept
 

in order to test the hypothesis that the total consumption cf any food is
 

affected by its source as well as by its price and o'her variables. Because
 

total expenditure may also be somewhat affected by decisions concerning what
 

the household plans to consume asimilar econometric pioblem exists with
 

respect to the expenditure variables.
 

Combininq the Samples
 

Because the recall period for interviews of the 33 households used for the
 

small sample 	regressions was only two to seven days, while that for the 99 house

holds in the large sariple was a month, the dependent variable wasmeasuredmore ac

curately in the small sample than in the large one. Yet confining ourselves
 

to the small 	sample would have been unwise as long as it was Possible that
 

useful information could be obtained from the larger data set. Preliminary
 

analyses made it clear that the samples differed toc. much to permit combin

ing them into a single undifferentiated data set. Consequently we followed
 

a procedure which laid primary emphasis on the small sample but used the
 

large sample data to supplement it.
 

In summary the procedure for each coirriodity was as follows: First a
 

regression was selected and fitted, based upon the small sample data. Tne
 

same regression was then fitted to the large sample data and an F-est was
 

used to determine whether the error variances were equal for the two regres

sions. If not, the observations in each sample were eignted by the inverse
 

of the square root of the variance of the residuals for that sample.
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This done, the Chow test was applied to determine whether or not fitting 


the same regression to each sample led to the same set of coefficients for 


each regression; that is, whether a15 IS oiL for each variable where aisis 


the coefficient of variable I in the small sample regression and (iL the
 

coefficient of variable i in the large sample regression. If no coefficient 


differed significantly from its counterpart in the other regression, the two 


samples were pooled and the same regression equation, fitted to the combined 


samiple, became the regression we used. 


When one or more coefficients differed significantly between the two 


samples the basic regression was expanded by adding a shift variable, SSD,
 

and interaction terms (indicated by DI as a suffix) for each variable in the 


original regression. SSD is a small sample dummy, equal to 1 if the observa-


tion is from tne small sample and to 0 if it is not. DI is a similar binary 


variable which is multiplied by the variable in the original basic model.
 

Thus HHS is the observed household size and HHSDI is that same number multi

plied by 1 if the household is in the small sample and by 0 if it is not. 


This expanded regression e.asthem fitdtotecobnd aafrmbt
 

samples. If the shift variable and/or any interaction term in the resultant re-


gression failed to be statistically significant at the 0.10 level, those terms
 

were dropped and the remaining regression fitted again to the combined data
 

set. Then one final F-test was run to determine whether there were statis

tically significant differences betwEen (A) the regression including SSD and
 

all interaction tern; and (6) the one that included SSD arid/or interaction
 

terms only when the coefficient of trat tenn in (A) was siqnificant at least at the 


0.10 level. In no case was such a sionificant difference found, so the (B) 


version became our final regression. 
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The first step in this process, choosing an appropriate regression for
 

the small sample data, required us to choose a small number of variables from
 

a much larger set (some 27 potential variables for each commodity). To do
 

this we used a computer routine, the "All Possible Subsets Regression," from
 

the Biomedical Computer Prcgrams (SMP) package. This routine etermines
 

1) a regression that minimizes C (an estimate of total squared error that
 

takes account of both bias and the variance of the pr'oicted values) and
 

-2 1
 

2) a regression that maximizes R . It aloo prints out other regressions
 

with near-minimum Cp or near-maximum A2.
 

In general we chose a regression with mininum or low C if it contained
 

sstatistically significant price and income variables. If not, we turned to
 

a regression with a>ium or high 2. tre oftenthan not the equation
 

-2 o 2
 
finally chosen was from the set with hich values for P cr n.-x~mizinc P
 

normally leads to a regression containing more variables than ones minimiz-


Ing Cp (It always leads to a reqression with at least as -arv.) 

gs 

Having chosen an appropriate set of variables fror: the srall sample data 
set, we used exactly the same set of variables when using 
the large sample
 

or the pooled data, iven our doubts about the reliahility of the large
 

sample measurements of the dependent variable it woulo muse b.eenirappro

priate to allow the large sample data to alter our chcice ef relevant vari

ables.
 

IFor more detail see Whelan chap. 6] or Smith et al. [1981d, 

pp. 33, 3.5].
 
The estimate of bias included in Cp assu)mes that every variable in
 

the available set belongs in the true regression rodel . As our available
 
set included some variables that may not have belonged in the true model
 

(variables included as esperiments), the estimate of bias in the Cp value
 

is likely to be overstated.
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-ASingle-EquationTotalSorghumConsumptionPegressions from Smail, Large, Sample$, Nigeriaar0Combined Karp Stitte, -1974-1975
 

Numberof Ih* PN DE.N.T VAI1IA8ES
Equation S 2 Consuming ~2~ Intercept 3T

2: Households R ' Price Ex1rendituro3 
Househlold Characteristics MiarkttRelationshipSource
 

'2~_______. __ _FPRPS 'TEXPR TEXP'ISQ HHS IAT .-9A0 
 iWAGS ShOG SSHO.~ 

S all Sample.... .
 
OriginalModel ' '.33 .87 .91 2775.3 -45.2 .,58 .588C 4 266.1 -321.6 -342. 17.1 -742-6 -1031.7 193.2


(3.C6)(..65)(.4,94) (6,75)(5.48)(-3,08) (-2.;7)(.3.03) 2.45)
(-2,82)(-2,04) 

LargeSample- *. .2 .6 -iE 
 05 2. 3, 6 7 391 -4.Original Mdl 99 .6 6 -809.7 109.5 .19 .,649 E7 3. -29 389 65 -7. 391 -4.(-1,99) (2,42) (3.14) (-.01) (2,03) (.47) (.70) (1.52) (.1.61) ( -1.) (.,16) 
Combined . 
Samples 132 

C
.63 .66' 18.59 69.4 ..0l .19 E-4 54,22 -61.0. 28.4 1.6 -652.6 -466.6 93.3 .

(.04) (1.5) (-.18) (3.57) (3.1) (-1l8) 1.49) . (.37) (-2.51) (. 2,13) (.18) 

Combined 
Samples .. 13, .76 .80 -809.7 109.5 .365 - 0 

(-1.94) (2,36) (3.07.) (-.01) (1.68) (-.46) ('68) .(1,48) (.57 (1.35 -1 .l4) 

SSamfle 2775.3* -45.2 -. 5 .588E-4 266,1 -321.6 -342,0 -17.1 -1742.8 i1031,77 193.3Component (.65)-(3,86) (-4.94) (6.75) (5.48) (-3.08) (-2.82) (-2.04)5 (-2.77) (-P ' (2.45) 

Large C .
 
Sarple -809.7 1095 .19 -.65 E-7 30.5 -22.9 38.9 164 *.:3 (-319,1Cocponent I I(-1,94) (2.42) (3.07) (-.Ql) (1.8) -144.m(46) ( ) 8 (1.5 .35) (.11.14) 

It-statistics are In paientheses. 
2
 
variables
aredefinedin 
Table4.
 

Eachexpenditureand pricevariable
has beendividedby the priceof thedependentvariable.
 
Cp equals5.7,
 

5
 
Eachparameter Is obtained from the regressionJustprecedingas the sum of the paraeters for the ters with and without 
 the Dl suffix.
 

For example,the coeffIcient for PAPSis equal to 109.5.* (-154.7). The intercept is simplythe intercept. from the sameline plus the pgrctar from
 
the variable .Sl
 

* Significantat the .10level
Significant at the .05 level
 
Significant at the .01 level
 

'2'
 

TABLE6.3-(Continued) 

INCEP[tEdIDT
VARIABICS
 

Intercept 3 JFT Chrceisis Pret PelationshipSource
 
SS0 PAPSI TEXPPD1 TEXPRSQ0IHHSDI IATOI MUDDF HHAGEDI SHOOI SSH001 SSAD! 

*,e. .c m. i. in. ec. .  ...
 

Combined35850 -154. .7 .59E-4 23E.6 -299.7 -380,9 -23.6 -1363.;2 -712.6 337.9Sam-ple, 46s-.6 (-6.21) (6,24) 
 (.2.67)(S.01)(2.71)(-3.05) (-. f-1.82) (2.31) 



Total Cowpoa Connsuption 
Singlt.Equation RegressionsfromSmall,LargeandCombined Saples, Kano State, Nigeria, 1974-1975.
 

No.tof .oOee.. EN' MIMES 

Equatione:Sourcesug 2 A
2 Intercept Price. tre ousehold Characteristics Market 


holds .6 ,0 PW:C PRS, TEXPR 611 .. YC, OCH FUL LITERAT Si7O S.A7 SCM 

SmallSample.(.2 " (.1.
Or~i1dlus) 30. .90 .95. .417.5 249.5 -1a4,3.99E 1- 3 , 26.3 835 04 346 2,6 9. 145
 

I (.3.03) (2.96) (-3.43) (1,67) (4,) (-2,53) (.2.$9) (-2,75)(3,54)(1.61)13.40) (5.69)(1.08)(10.)' I : S -

Cneatoon-7 6 74 7. 30: i; .,2 [' 3 ", ii736 ;64 S3 .4;S ;1; -;4 J 

LargeSample- .. -4 .l 31 5 
-16.6 .520. 63 -7.4 18 36 6 3 -44.5 1. -4,4 5Original Model 97 .23 .33 7065 -296 

(1.47) (4.12) (.33) (-23) (41) 1 3) (.4) (1) (1.64) (-.46) (.5) 

Combined ... 
Saavles . 127 .54 .59 10.5 11.2 -279 .783 E-3 3.6 11.8 -41 -8.3 8.8 -1.8 -16.7 -56.7 29.9 31.6 

(.10) (.28) (1l.49) (9.54) (1,46) (.2,10) (-.,93) (-.2.OJ) (,69) (-.21) (-.59) (-2,29) (.31) (.33)
996 {-23.3-22(1. 1 i28940)
OrgialMoel1 - . 1.3 1(.9) 37 (-.) (9166)24.10
 

CombinedSaples 
16
.67 p. 70.7 s 

(7 (..1.67)_(-.47)_1) 
Iteaomti 127' .74 t -r1, E-2tf.039 -7. .9 -.6 .6.4 .3 -. 57 - . 44 

1-,(2.19)-.48))(.62)

c~poentI " 11 . 1 .?7 (.;8) (:3j6 (:6j4 8 -0 9 3
 I ( "' 2 ) 

('m ) *('"z) 

Final Model-. 

T 4Corbrtned 

with Limited P er .....
 

Samplis 

Interaction 127 .67 .73 -27.1 .,6 -14.7 .511 E-2 2.16 -11.6 .917 -5.2 .8.1 8.1 '-4.6 -10.0 93.3 99.6 
(-.27) (-.14) (-.82) (4.11) (.93) (-2.35) (.22) (-1.37) (-.61) (1.03) (-1,82) (-.40) (1.02) (1.10) 

Smal 66 . 28;..
 
Sample -341.5 9712 8.1 260.3 -270.3 93.3 99.6
.207.6 


Component / 1,(2,33) (-2.73) (10.1) (3,.94) (3,16) (2.72) (1.03)(-2.35)(2,25)(-2.59) (1.03) (-5.24) (1.10) 

Large . .
 
Sample -27.1 -5.6 -14.7 .511 E-2 2.16 -11.6 .917 -5.2 -8.1 B.1 -48.6 -10.0 93.3 99.6
 
C~ponemt .(-.27) (-H1) (-.82) (4,11) (.93) (-2.3S) (.22) (-1.37) (-.61) (1,03) (-1.82) (-.40) (1,02) (1.10)
 

It-statistics
arein parenth 
eses.
 

2 ariables aredefined In Table4 
3
Eachpriceandexpenditorevariablebeen bythe ofthe variable.
has divided price dependent 

4 p equals 9.8S. 
5Lowtolerance prevented estimating parareters for this variable. 
6[ach parsmter Is obtained fron the regression Just preceding is the sun or the parareters for the terms with andwithout the 01 suffix. 

TheIntercept is simply the Intercept from the sameline plus the parameter fromnthe variOle 5S0. 

Significantat the .10 level
 
significantthe .05 lenel
at 

.. Significant at the .01 level 

TABLE6.4-(Continaed) 

_________ IOEPEET VARlIABLES 

Eqetien Intercept Prc 3 
Euptnd - HouseholdCharacteristics Market Soarce 

SO PRW*CDIPRSEDI TEXPROI 119501 IATOI YCiioI ODilDI FULD[LITERATDISIO SSiiODI SCAPD!SCANDI 

COmplete -486.1 25-,5 -127.7 .476E-2 17.1 -15.2 -22.56 22Z.7 60.9 25.0 392.2 -277.9 96.03 124.5
teraction (-3.05) (2.47) (-2.55) (2.50) (3.46) (-1.37) (-2,29) (-2,01). (3.32) (1.11) (3.36) (-4.6) (1,01) (1.36) 

Liwited -314,4 213.4 -109.7 .495 E2 11.7 -20.1 -21.8 79.3 328.9 -260.3Interaction 2..1 (2.83) (3.18) (-2.12) (-1.97) (2.99)(2,18) (-2,27) (3.06) (-4.54) 

http:1-,(2.19)-.48))(.62
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Palm oil is obtained from the market. As Table 6.5 shows, its TABLE 6.6 

consumption is positively related to total household expenditure but Elasticities Calculated for Three Commodities 

negatively related to household size, given the numbers of young children. 

at Mean Observed Values for Combined Sample 

adult wives and older adults. We consider the price responses in their ELASTICITY 

elasticity formi. COMMODITY J EXPENDITURE OWN-DRICE CROSS-PRICE 

Elasticities Sorghum -.61 .92 -.31a 

Table 6.6 presents price and expenditure responses in elasticity form. (with palm oil) 

Cowpeas 2.43 -5.52 11.36 (with millet) 
It includes the own-price elasticities, which exist even though there is -8.3 (with sorghum) 

no single regression coefficient we can point to as giving the own-price Palm Oil .86 -2.03 1.16 

response. All elasticities are based on the small sample component (with sorghum) 

coefficients. For each co-mnodity we used all relevant coefficients in the abased on a statistically insignificant cross-price coefficient. 

regression, whethe- or not a coefficient differed significantly from zero. 

Before looking at the nurerical values we tust renember that these 

consumption behavior elasticities from single-equation regressions may 

represent either prcduction or consumption responses or some combination 

of the two. Moreover, because the price variables are village averages, 

some village-to-village differences not represented by other variables may 

have been picked up by one or nore of the price variables. 

As we have seen, the expenditure relationships for cowpeas and palm 

oil are strong and norm.al in sign, but the expenditure elasticity for 

sorghum is negative. Sorghum is an inferior good. 

The own-price elasticities for cowpeas and palm oil are strongly 

negative. Palm oil, of course, is obtained from the market, but cowpeas 

are almost entirely produced at home. The own-price elasticity for sorghum 

however, is positive. 

ISee Smith et al., 1982. p. 60. for the formulae used. 
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For households at the mean of the sample, and presumably also at 


lower expenditure levels, sorghum is 
a Giffen good. Its money expenditure 


elasticity is negative and 
its own-price elasticity positive.) For all 


households whose purchasing power in terms of sorghum is less than 4,932 kg 


per year sorghum is an inferior good that constitutes a large fraction of 


the total 
value of consumption (33 percent of total expenditures fur a 

household whose total annual expenditures are eiuivalent to 2,900 kilograms 

of sorghum and larger percentages at lower expenditure levels), 

To be sure, 
 the case for which a Giffen good is cafined in the liter-


ature is 
one in which income is fixed in money and its level is independent 


of the price of the comrodity being consumed. Our elasticities are calculated 


for such a case, although the physical situation from which the data arose 

2 
was somewhat different.
 If the price of sorghum rises, money expenditures 

held constant, the household response to the impoverishment implicit in 

a situation in which a large fraction of total consumption now has a 

higher opportunity cost is to 
consume more of the inferior good because, 


in the language of conventional theory, the income effect dominates the 


IGiven the form of the regression and an income elasticity of -.61
 
it would take a positive cross-price elasticity at least as large as +.61 to
 
make the own-price elasticity negative.
 

2

And the conditions specified for a regression model 
were riotperfectly
satisfied. 
 For instance, the expenditure variable is not completely exogenous,


for sorghum consumption constitutes a (large) part of that expenditure. 
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substitution effect.I
 

There are strong cross-price relationships (opposite in sign) between
 

cowpea consumption and the prices of millet or sorghum, yet all 
three of
 

these commodities are consumed primarily from home production. But as
 

this is a single equation consumption model, we can not be sure whether
 

the relationships measured are 
consumption or production relationships or
 

both. Successful cowpea production in Nigeria 
 usually implies inter

cropping, so the possibility of a production connection cannot be excluded.
 

High sorghum prices are associated with increases in palm oil , umption;
 

high palm oil prices are associated with reductions in sorghum consumption
 

(but the latter relationship is based upon d statistically insignificant
 

coefficient).
 

Except for the conmodities listed in Table 6.6, most price or expenditure
 

responses were small 
or statistically insignificant. We were fortunate
 

to obtain as many significant relationships as we did, for no price variable
 

could assume more 
than three values, one for each village. Moreover, some
 

caution is required in using these results, for with so few values for dL.1
 

variable not only is multicollinearity likely, but a price variable may
 

pick up the effect of some other variable (possibly locational) that differs
 

across villages.
 

IThe physical situation that generated our data was one in which what
 
was fixed was not r:oney income but the household's capacity to produce income
 
(defined in terms of the size of the household, its age and sex distribution,
 
its access to land, 
and so forth). For the study of semi-subsistence households
in developing countries it is useful 
to extend the concept of the Giffen good

to include such cases. Indeed these may be the only cases 
in which the
 
concept is significant for applied work.
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Calories Available 


Far more important than the consumption of individual foods is the 


nutritional adequacy of the diet as a whole. From the data in Table 6.1 


we have calculated the caloric content of the diet for each household in 


the sample. For much of the world the most pressing nutritional problem 


is caloric availability. In northern Nigeria the evidence suggests that 


calories and vitamin A are the nutrients most likely to be seriously 


deficient [Smith, 1975, pp. 161-2, 263-267]. 


Table 6.7 gives the regression which relates total calorie consumption 


to household characteristics and the economic variables. The variables 


available for use in this regression were those available for the sorghum 


regression, except that the 
source ,ariables used here were source variables 


for calories (SKAP and SKA) rather than for individual food cormodities. 


The Small Sample -- Original Model regression given in Table 6.7 minimized 


Cp Naturally it is much like the comparable regression for sorghum, except 


that the price of palm oil, HH GE and SSHO. are not present in the calorie 


equation, while young children (YCH) is significant in the calorie equation 


although it did not appear in the sorhum equation, 


As with sorghum, predicted calorie consumption decreases with increasing 


expenditure levels at the mean of the comtined sample (TE-X equal 
to 3,E95 


kilograms of sorghum). but the declining range ends with households at an 


expenditure level of 4.239 kiloqra's rather than at 4,932 kilograms. At 


the mean expenditure level, predicted calories available per household per 


day were 10,600; at a total expenditure level of 2,900 kilograms of sorghum, 


calories available were 11,600. 


]Budgetary limitations restricted us 
to doing this for calories only.
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Not only does the declining range of calorie consumption end at a
 

lower expenditure level than was the case for sorghum but the rate of
 

decline is less. An increase in expenditure from 2,900 to 3,900 kilograms,
 

other things equal, reduces caloric availability by 9 percent, sorghum
 

consumption decreases by 19 percent over the Same range. These differences
 

are to be expected. As expenditure levels rise, households consume more
 

of other things, including such foods as cowpeas and palm oil. The foods
 
being substituted for sorghum are more expensive sources of calories, but 

they do provide partial replacement for the calories no loncer being ob:ained
 

from sorghum. 

The effects of household size and composition upon total caloric avail

ability are much like those upon sorghum consumption. But what of the 

relationship to the market? Is the food enerqy available to rural housenolds
 

greater for households that produce primarilv for their own consumption or
 

for those that produce for the market? The share of the total value of 

harvested food output (SSHO) is not significantly rql~ted to tre quantity 

of calories available for consumption, but the large- the snare of total 

food crop output that consists of groundnuts (SHOG). th f .er calories 

are available for tie household at any given level of e~per.njture and the 

other relesant variables. (Grou!,enuts are procuced pri- arill for sale to 

the market.) Heever, from a single-equatior recre!sion we ,arttell 

whether this result occurs because prcducin croundnits for t" market has
 

an adverse effect on the q;ality of the diet or because tn l that
 

produce large quantities of groundnuts wnuld have ever Worse cits if they
 

produced fewer groundiuts. As Matlon has pointed out 11979, pp. E9-91)
 

the poorest households, those with the least access productive resources,
to 
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SmalrSam 4 34 .87 .90 10006 -4.6 .543 E-3 272.5 4052.5 -16619 -3866. .130.5 5121.4-Orig na) Model (4.51) (-3.64) (5.62) (5.00) (-3,50) (-1,72) '(2.90), (.87) (4.46) 

Large ST.pleu ... 
 ...
Original Model 99 .71".73 2540,9 2.6 .484 E-4 557.6 -185.5~ -395.7 77.8 -7843.3 3014.9 
-(1.91) (4.42) (-1,01) (3.09) (-.39) (-.93) (.15) (-.26) (1.75)
 

Combined ... *
... ...

Samples 133 .69 '.71~ 6227,9 -.499 .1541-3 932,5 -915.3 -1118.7 7.0 -947).2 54772.


(4.04) 1.79) (2.96) (4.45)'(-1.76)(-2,37)'(.01) (-4.28),(4.95) 
Combined Samples
 
with Complete 
 .. 
 . .. L
 

(1,79)' '(ft.1 (-.94) (-I90) (-.37) (-.07) [(.14) 
 (.0) (1.64)
 

finalModal-

Samples .-.. .. .. . .
 Combinmed 


withLimited -4 - *8. 
 -- *. . * 0 ,Interaction 133 .80 .82 2749.7 25 -.426 E-4 90.9 -113.7 -6N0.1 -48.8 -7743.3 4627.4(19) (4:n5) (-82) (3.i6) (-.23) (-1.5 (-.09 (-3.93) (5.41) 
Sal -

2
t *. ... ...

Sample
5 18135.7 -4.90 .578 E-3 .2626.9 -3793,8 -650,1 -3832.9-17457.84627.4
Component 
 (4.C6) (7,36) (5.91) (3,96) (-1.65) (3.46) (3.17) (5.41)
 
Large

Sample -

274.9 2.51 .426 E-4 1
 
*. 

598,9 -113.7 -650.1 -48.8 -7743.3 4627.4Component (0.9i) (4.05) (-,82) (3.36) (.3 -1,65) (-.09) (-3.93). (5.41) 

It-statistics
areinparentheses,
 

VYariables InTable4
aredefined except SKCAN,SCANIstheshareof total available fromneither
calories tothehousehold h"cu
 
production sources.
normrkret 


3

Eachexpenditure variable 
 bytheAverageprice 


iso3.35.
 

hasbeendivided of aorghui.
 

5
tachparame
ter Is Obtsaned frcm the "rension just Precedino Pn the smof the oarameters for the terms with andwithout: the D1Suffix.Ioreoo..ple, forTEXPRl to2.6 (7.4).
tlhe-coefficient isequal -
 The Intercept is Simply the intercept from the Sew*line pies..... i
the piraiter fro-mnthe variable 550. C *' 


Significant
at the .10level
 
Significant .05level
atthe: 


.. -Significant
atthe.01level
 

6TABLE.7-(Continaed) 

Equation Intercept Copenditure3 
Household Characteristics Market 'Source 

- SSO 7CIPROI TC0PPSQDI HH59) IATD) Y : : HADDI SH0CC) SCAIIDI 

Complete 15459,8 -7.2 :.592 E-3 2314.9:-3866,9 -1266.2Interaction(4.26) (-5.85):(6.1?) 
-3944.5 il-1387.1 2106,5

:(4.47) (-3.54) (-1.31) (-3,15) (-1.82) (1.02) 

Limited 153C6.0 :-7.4 1 .621E-3 2028,0 -3680.1 -3784.1 -9714.5
Interaction (4.22) :(-6.05) (6,54) (4.48): (-3.44) : (-3.07) (-1.66) 



M
 

o
 

3
 

-
.L

 
.D

 
.

-

In
 

' 
0 

0 
( 

D
 

t 
m
C
 

-~
~

' 
-
4
 

L
.
n
a
 

(
7
 

0
 

0.
 

0
 

> 
-,

 
(1

 
1
u
 

E
) 

N
4
 

'
 

0 
C

 
-.

 
D
 

-' 
0
 

0 
A
D

n 
a 

E
C
 

(
0
 

'I5
,
5
 

V
 

I
 

1
4
 

C
 

C
 

1
4
 

<
 

P
1
 

M
 

,o
 

n 
0
 

-
. 

I
 

D
 

c 
=

 
~ 

x
~
 

C
L

 
m
 

m
 

'D
 

c 
-1

 
m

 0
 

D
 

0.o
 

&.
 

a
 

x
 

0
 

-1
 

n
1
 

S 
I 

0
0
w
 

a
0

 
4


 

F
D

 
'D

 
=
1
D
 

0
'
'
 

,' 
a
 

-
e
 

a
 

(D



o
C
 

'


 

L
m

 
-4

 
0
~
a
 

0
 

a 
* 

'
 
m
'
 

0
 

m
 

0 
< 

'
I
D
=

0 
A
 

ID
 

5
 

r)
 

r_
 

= 
*1

 
C
=
 

I
 

'
 

o
0
 

L
D
 



0
2
 

W
1
4
 

I,
 

1
4
,
 

1'
A

 
"*
0
 

-
C
 

1
4
0
 

(D
 

n
I
n
-

0 
-~

 
. 

M
 

m
'
 

n.
0 

M
 

'
n
C
r
 

C
. 

w
=
r
 

r 
ID

 
0 

0
 

< 
C

o
 

1
0
 

a
,,

 
0 

:I
 

'
 

m
'
 

1
 

w
~
~
0
0
C
 

C
1
.
0
 

(D
 

0
 

0
.
 

-.
. 

a
.
 

1
 

0
S
 

0
l
 

= 
r.

 
1
0

-1
 

rD
 

(D
n

 
0 

1
4
D
1
 

0
S
 

C
L

' 
1
 

2
 

0
 

a
4
 

-
Inc 

-
I

M
 

D
 

1
4
 

0 
F

D
 

0 
-

r 
0 

0 
I
D
 

=
 

0
 

(
D
~
~
'
'
 

"
 

" 
2
0
 
'
0
 

(
 

=
 

-
.
.
 
o
 

-
0
D
 0
 

0
 ~ 

~~~
~v

~ 
S
 

.
0
 

~ 
4 

0
 

(D
 

m
.
 

04
 

0 
-o

 
n
4
 

W
0
 

a
A

 
M

 
0
0
 

1
D
 

0
0
 

01
41

 
t0 

D
 

A
 

0
 

0
 

. 
0
 

10
 

a~4
 

;
0
 

a
 

m
 

-S
(D

 
E
D
 

.D
 

~ 
I 

4
.
 

~ 
. 

0 
n
C

 0
 

M
1
-.

 

0
 

mI
n
 

-
I
 

M
 

0
0
 

A
 

'
 

0 
c


4
 



0
 

I 
0
 

1
4
 

-
4
 

1
 

. 
-

~ 
0
 

-
.
 

C
 

n
C
~
 

In 1
4
 

C
0
 

M
4
 

0
,
 

".
 

'
C
 

0
 

-
A
"
 

-'
h
 

a
A
 

.4
'(

7
 

9
L
 

0
 

:3
 

D
 

0
 

C
) 

2
 

~ 
xm

 
.V

 
0
 

I 
0 

In
.0
r
0

a 
(D

 
0
 

. 
.
~

C
D
 

31
 

M
o
 

-
4
.
 

c 
(D

~e
.
D



*U
 

C
1
 

o
n
 

L
n

a
.
 

<
0
 

M
D
 

a
.
'
,
 

0 

0
*
 

(D
 

r,
 

'o
 

0
D
 

w
C
 

0
 

f-
D

C
 

0
 

* 
0
 

V0
 

a 
L

a 
n 

0
 

(b
 

4
 

In
0 

0
 

-
m0 

D
 

Am
 

5
L
 

C:
 

0
 

4
 

0
 

w~ 
C

 
-

0 
m

 
(D

 0
 

0 
5
 

m
.
 

5
 

p 
(D

 
In

 
* 

-
I
D
 

0
 

I 
0
 

w
-d

 
4

M
0
 

=
4
 

a 
1
 

0
 

. 
-
o
 

a
.
 

1
4
 

V
A
 

-' 
C

 
-

4

 

'
A
 

0
 

A -1
 

r-
A

 
0
 

1
 

n
 

D
 

5
 

0
 

-
' 

4

 

0
 

. 
1
0
 

0
 

n
 ~ 

n
~
 

m
 

n 
w
 

.
 

0
,
 

D
.h

 
t
.
 

m
.
 

p
 

x
 

m
.
 

m
~
 

1
4
 

a
0
'
 

0
D
 

0
'
 

-
1
4
 


=

1
 

0
 

<
't

 
1
4
 

0 
M

 
0 

=
'I

 
0
. 

r+
 

'a
7
c 

0
' 

5
D

 
1
4
 

1
7
 

0
 

1
4

(D
1
 

m
 

10
0
 

w
. 

"
C
 

1
4
r
-

*o
 

4 
m
4
 

0 
01
.
 

a.3
, 

-S
I
n
 

1
4
2
1
,

5.
 

5.
 

l<
 

' 
4
 

0
 

n
~
'
 

0
 

m
4
 

n 
.
n
 

0 
N
A
 

U
3I
 

0
.
 

0 
m

 
(1

)
I
n
)
 
"
C
 

0 
C
 

~-
R
.
 

0 
1
4
 

,
C

D
 

w
 

m
 

-I
n

 
m
C
 

-S
 

0
 

0
0
 

0
 

:: 
'm

 

=
I 

0 
5
 

A
 

0 
ID

 
0
n
 

0
 

1
4
 

-.
 

A
 

In
Q

 
~ 

~ 
~ 

~ 
~ 

E
 

rE
 

1;
a
-



r
,
 

M
 

0
 

0
 

n
 

5
 

'
C
 

0
 

I 
m
 

-
1
-
S
 
0
 

0
 

.
 

<
n
 


'o

 
1
4
 

0
:
0
 

C
-

O
 

D
 

0 
w

4~
In

 
M

 
0 

V
 

w
 

-
'
 

0
D
 

0
D
1
 

<
4
 

S
 

M
O
 

0
 

A
 
-

0
 

1
0
.
 

4
 

C
 
V
 

'
A
 

C
+
 

1
4
 

a
D
 

' 
-

; 
.

1<
 

~ 
0
 

0
-

s
n
 

0-
0
 

(D
 

-01
4
 

C
 

I =
0
~

0
X
 

-'
D

 
-'

D
 

C
D
 

L
S
 

C
 

n
 

0
 

I 
D

 
0
 

n
 

0
 

M
 

3
 

w
 

M
 

0
 

3
 

A
3
 

0
0
 

p 
z
 

0 
0
 

1
4

0~
~

~
 

A
C
.
7
5
0 a
.
 

1
4
 

-
A
 

0
 

0
 

I
1
 

1
.



mI
n
 

0
r
 

1
7
 

0
 

0
 

a
 

C
+ 

I 
0
C
0
0

C
+ 

a
. 0 

C
 

0
 

C
+
 

'
A
 

I
n
 

A
3
 

'
 

C
+
A
 



0.
 

a 
1
7
 

A
 

0
b
 

0
+
 

0
3
 

'L
7
 

It
 

:30
 

~
7
 

0
 

0
 

1
4
 

V
=
 

D
 

C
)

0
b
 

C
 

I
 

0 
'
 

n 
(D

 
w

5~
~

~
~

~
~

~
~

 
D

l 
n1

 
-
:
0
 

' 
.
 

' 
.
10
 

0
a
.
 

1
 

0
 

0


 

0
~
0
 

0
:
~
 



0
 

-
.

o
 

o-
M

l 
0
 

C
'C

 
" 

-
A
 

m
 

'A
 

0
 

n
 

V
 

1
4
 

n
 

C
L

 
0
 

0
 

0 
0
 

.
0
 

1
4
 

I
n
 

A
 

0 
0.

 
C
 

0
 

0
 

0
 

~ 
1 

'
0
~
 

4
 

. 
A
 

. 
m
 

1
0
 

O
c
x
 

V
 


'
 
A
 

0
a D

 
0
 

E
D
 

0
 

&
 

0
 

m
 

m
7
 

U
3
0
1
4



-
C
.
 

7
 

V
 

1
.
A
 

0



0'
 

0M
 

0 
i 

?
 

.
 

5
 

0
 

1
4
 

M
4 

< 
1
 

C
 

n 
n
 

0
 1

 
r

C
 

0
 

0
 



0
 

0
4


 

0
7
 

0 
E
l
0
 

'
0
 

=
1
 

0 
-.

 
In

 
I 

-I
 

0
 

0
 

'
 

n
.
0
 

m
 

0 
5~

 
1:

 
0 

r 
0

~~
~2

 14
* 

I
 

' 
a4

 
0
 

M
1
4
 

0
 

4
 

A
 

N
'
4
 

1
4
 

I
n0
r
 

c
0
 

=
4
 

nC
 

C
0
=
 

0
 

0
 

'A
 

n 
a
.
 

0 
C
 

m
D
 

-
C
L
 

0 
1
4
 

U
3 

.n
 

.
-

0 
I 

C
D
 

~
-
0

Z
 

11
 

C
I 

(D
 

1
7
 

A
~ 

0
 

N
 

r 
< 

rD" 
w
 

0 
0 

'a
 

m
7
 

1
0
 

0
 

V
 

3 
0
D
 

0
D
 

M
~ 

a
.
 

0
r
 

1
4
 

n
N

 
0
m

' 
0 

A
 

a 
!
A
a
 

-D
 

" 
0
 

0~
 

C
 

1
I
n
E 1
0
0
d
0
I
 
0
 



. 
0
 

-
1

0
 

c
4
 

'
A
 

a
.
 

'
A
 

V
 

0
 

. 
to

 
a
.
 

0
 

m
0
 

0
 

aI
I
n
 

0
 

M
C
 

n
,
 

A
.
 

s
 

w
 

m
~
 
o
a
 

0
 

a
.
m
 

I
D
 

0 '.
 

1
7
0
 

'
 

-
n

 
0 

m
 

b
 

m
 

w
1.
 

-1
 

A
0
 

c 
:3

 0
 

=
r 

(
1
4
0
 

'D
 

'0
0
 

-' 
a~

'~
 

r 

_
_
_
_
 

_
_
 

_
 

__
 

_
 

zi
 

m
V
U
 

-1
 

'8
'.

1
. 

,"
 

C
 



-
-

A
 

m
'. 

n7
<

 
n 

0
 

N
 

. 

0 
., 

-
S

 
N

 
0-

. -0
 

-1
€ 

0 
, 

M.
 

m
A

C
 

-'a
 

-C
L
 

N
 

lb
 

0 
M

. 
0 

lb
 

0 
2F

O
t 

IA-

L
c
 

A
-1

 
U

 
-.

 
I
 

-
r
-
m
 

w
 

;n
 

rD
 

x
 

n 
-f

j 
IA

 
-. 

S 
=

 
0 

.
to

0 

•-
0
 

.
.
 

~~ 
~

 
~

 
O

 
Z

) 
C

 
_
r 

m
 0

b
 

0 
-

£0
 

o 
0
 

C
L

 

1
 

0 
. 

I
9 

l 
0 

0 
l

lbN
 


n
b
 0

 
ll 

9 
lb

 
n 

a 



lb
 

-
b 

4
.D

4
 

£0
 

9
 

.4
 

=
~

 ~
 +.

. 
.. 

:+
 -,r

o,
' 

&
 

, 
++

" 
"h

 'I9
~ 

: 
0 

. 
0

.-
" 

9+
0 

lb
 

lb
 

lb
I 

lb
 

C
L

 
•
 

0.
. 

lb
 

. 
l
O
 

lb
 

. 
<0

 
, 

l 
9 

U
 

0 
U

 
I 

V
 

.



0
.-

'.
O

lb
IA

;F
lb

-.
.

:*
 

lb
* 

C
 

-,
. 

-
=

lb
...

 
lb

 
U

 
,+

 
C

 
.,,

.' 
. 

...
 

' 
; 

' 
...

 
.

W
+

,It
lb

 
1 

"-
U

 
V

 
U

 
0
.' 

lb
 

C
-

IA
. 

r 
V

 
0-

lb
 

9~
: 

l;.
 

IA
. 

:A
 

.I
 

I 
I 
: 

o 
5 

.
+

 
+

 
;'

U
+

+
' 

'+
 

F
t 

"I
 

-.
 ,O

 
90 0

.x 
-

lb
 

lb
 

1 
-.

 
0 

0 r
o 

10
 

*U
'+

 
.. 

+
: 

lb
O

-l
 

"D
 

, 
IA

 :
 

O
bU

l 
"0

+ 
lb

: 
(D

 
l : 

0
. 

r 
<
 

'C
 

03
 

-r
 

+
N

0~
a
 

W
 

C
 

. 
0 

<
 

lb
 

lb
 

lb
 

l 
9 

l 

A
 

U
'l7

74
 

U
 

.4
" 

n 
N

 
" 

0
 

0-
~

.=
:~

'-
0 

L
 

r 
O

 
::

 
; 

A
' 

0;
 

lb
 

• 

0 
r 

lb
 

M
 

,lb
 

+
 

..
..
 

-'r
' 

V
lm

l11
 r

lA
 

. 
A

 
IA

 
l=

U
 

lb
V

 
0 

0:
I 

cu
 

' IA
 

0r
.+

t 
.-

tC
, 

-
-.

 ,
01

 
.I 

A
 

l 
3 

nC
 

lb
 

lb
 

IA
lb

~
10

I.~
I 
lb

 
~ r 

0 
M

0 
1 

flI
 

0
-

1 
0b

C
0-

cb
C

t 
0.

 
0 

A
 

bI
A

 
-.

 
~=r 

lC
lD

 
. .

. 
.. 

O
 

.',
 

C
-

.?
f 

'll
 

lb
 

-
-
U
 

. 
4"

 
lb I 

.
,, 

l , 
I
A
 U0

 
I00 

, 
lb

, 
1S

 
i 

lb
 

lb
 

.
. 

€ 
:

"I
0.

90
. 

O
 

I-
0:

r 
=3

 
n0

 
0
 

. 
0
.

i 
, 

-
C

 
. 

. 
l
1
9


 

-
0
"
 

I
l
b "
C
.
"
4
, A

 
9 

9-
lb



4,

 
l
b
1

U
 

lb
 

-,
. 

-'.
,. 

U
 

4.
l"

 
-

.4
 

4.
 

,-
1 

0 
.~

 
A

 
0,

 
I
A
-

o 
14 0

, 
-' 

0 
lb

0.
= 

" 
.-

' 
0.

 
.. 

0
..

.I
 

U
 D

 l
b

. 
.

m
I 

-
' 

. 
U

 
x 

. .
+
 

I.
 

.
-

l .
 

. ,4Z
. 

0-
U

D
 

l
"C
"4.'l 

-I
AU

 
9
O

 
o9 
0
U
-

0lb
 

1 
-

I 
Cm
.
C
 

1I :
 

C
 

0 
Z

l 
I:

C
 1

 
C

 
l 

.-
C

)1
0 

Cr-
<
.b

b
 

lb
 

U
 

IA
 

1
4
"4

"0 
lbU

 
k*0

. 
.U

 
In

 
lbU

 
I1

4
 

"b
 

l 
(D

0C
 

10
 

M
, 

, 
0.

 
0 

., 
b

ID
 

U
 

(,
a.

- 0
 

l 
9 

I 
-

.l. 

(D
 V

'U
 

14
 

' 
0
 

0 
" 

lb
 

C
 

lb
 

n 
0 

"t
 

IC
n 

0.
l

lb
N

 
C

D
 

9
 

F
t 

r"
 

0 
0

0 
C

 
10

 
0

. 
lb

 
lb

 
I

D
 

a 
mO

 
I 

:
 

0 
- l 

:
 

lb=
 

n 
0 

IA
 

0 
r
 

F
t 

A
 

l 
l

-
C

'. 
I 

9 
C

 
C

 
m

 
lb

 
1 

-
-
4
,
l
:
-
"
C
.
-
l
-
-
.

-lb
p1

 
0 

L
 

F
t 

I.
 

U
 

" 
l 

lb
 

0.
 

0 
0 

0 
-9

lb
 

"
-1

1
0

-
9 

4 
0 

I 
=
 

l<
1 

N
t:

 
r 

C
 

" 
.

9 
lb

 
lb

a 
I

c 
0 

r 
C

 
0 

l
b
 

'a
 

I
A

 
b 

on
 

I1
l 

Il-
l 

0I
 

!t
 

V
D

-4
,." 9
1
~

l 
. 

I-
D

 
'.-

b
 

.4
 

w
 

I 
'a

 
r 

U (D
 

a I
I 

' 
9
 1

-
"
 

c
 

. 1
4
 

I 
l 

lb
 

0
-N

 
C

.0
.l

U
 

.
U
 

O
U
 

0 
-

lb
 

C
 

A
 

l0
 

,.r
,9

-
. 

Ib
 

C
,1

 
I 

-.
 

I 
n 

I,
 

0 
A

 
C

 
0+

 
lb

 
lb

C
+ 

M
 "
 
J
 

"
 

C
 

0 
m
 

m
 

0 
l
 

1
4
 

0
 

.
 

-
I
 -

x 
U
 

l
b

l
 

n 
C
 

V
 

l
 

A
 

U
 

4
 

0
m

 
0
.
 

l
b
 

V
 

U
 

0 
:r

 
-

I0
 

I
A
 

, 
0.

 
lb

 
r 

M
) 

0C
 

, 
n 

00
 

0 
. 

t 
n
 

-'.
lb

"o
lb

.4
l" 

lb
, 

Ia
lb

A
'0

 
0
 

l 
=

 
lb

 
-

" 
. 

C 9 
A

 
V

 
0 

,+
 

m
 

l 
lb

 
10

.. 
-r

 
14

 
0 

l 
n 

10
 

10
 

14
:3

 
U

 
Ar

 
lb

 
9
 

C
 

nU
 

-.
 

n 
l 

r 
" 

b 
b-

IA
 
-

lb
 

ox
,-

. 
-

S
l 

w
.' 1 

lblm b
 

0 
A
u
 

l
b
0
0
b
9
 

I0
 

-4
 

9
 

l 
0
 

l 
a
 

E
4

V



.. 
-
7
4
,
0
0
 

m
: 

0
.
 

-n
 

A=
0 

1
4
 

9
 

M
 

0
l
 

c '
 

0
l

1
 

- 0 
1
 
.. 

.. 
...

 
. 

0
 

0
'&

 
.I
 

C
 

0
.
 

-
l 

C
t
 

0 
l 

10
 

-
m

 
0 

ID
 

C
D

 
c 

0lb
 

< 
.;

 

U
 

r9
o
 

0
 

v
4
 

l
b
 

l
b
 

l
b
 

-.
 

: 
-b

 
m
'
 

-~
 

~ 
=

-
C

 
'C

) 
0 

b 
1 

b 
A

 
(P

 
-

A
 

U
 

U
 

I.
 

2 
0

 
4
 

~ 
l 

0 
m

 
4
 

9
D
 

(DI
A

 
-
!
.
 

m
 

s 
4 

. 
1
 

~ 
0 

-*
 

lb
 

0 
A

1-
0 

13
 

m
C

 
ri
 

b 
M

C
 

1 
~ 

l 
b

I 
w

 

IAc
 

<
 

l0 
I 

lb
 

b 
0'

 
C

 

.
.0
 

0 
n
C
 

14
lb lb

 
l 

C A
 

0 
U

 
0
. 

1I
 

I 
i 

CL
-

l
U

'~
 

b 
m
 

l 
lb

 
0 

A
0 

A
 

14
0.

0 
C

D
 

lb
 

U
 

V
 

1 
0 

'C
 

A
M

 
A

 
U

 
U

 
C

 
lb

 
U

 
4
 

<
'
 

c
3



lb
 
V
 

14
 
-b

l9 
9.

 
'I1

I 
lb

 -
1
 

+
 

0 
C

 
lb

 
-' 

lb
 

C
, 

0+
lb

 
0:

 
lb

 1
s
 

-
lb

 
IA

 
l 

4,
 
+
 

'
IM
M
l

IA
 

lb
 

F
t
c
 
2
:
 

" 
A

 
.
 

0 
U

 
0 

l
-.

 
0
'
 

1 

lb
 

lb
 

A
n 

b 
0 

1 
4 

C
 

U
 

F
 

b 
A

 
l 

0 
l 

0 
3:lb

 
0r

 
IA

 
-0

 
xC

 
.' 

-
lb

 
F

t 
In

 
=lb

 
" 

lb,
 

' 
I 

40
 

1 
l
b
 

A
A
 

..
..
 

l
b
:
"
I
 

.
0.

C
) 

I
 

0
 

C.
I 

0 
=
 

l 
a 

n
 

V
0
 
a
 

. 
~ 

<
 

0 
=

r
 

C
 
U
<
 1 

0 
9 

n l 
C

 
l 

" A
 

I 
-

lb
 

<
4
 

C
3 

M
 

9
 

m
b 

-1
-

-
U

D
 

m0
. 

r+
 

A
 

lb
 

U
 

0 
lb

 
lb

l 
4 

l 
4 

' 
-

F
 

C
 

A
 

2 
bU

 
'o

 
-

0
0 

IA
 

0 
l
0
 

0 
U

N
-

V
 

0
' 

0 
lb

 
b 

l 
b 

l 
-.

 
' 

4 
U

 
.

w
b 

m
 

.n
' 

lb
 

m
-

U
 

.-
0 

V
 

A
D

 
-.

 
b 

l 
' 

0.
 

a
m

 
4 

0 
0
. 

-' 
-

.1
 

' 
4 

1 
lb

 
0
 

4
9 

4 
I
 

C
L

 
0 

< 
0 

0 
C

 
9 

0 



-.
 

I 
b 

l 
A

 
1 

b 
l 

' 
l 

b 
-

I
.4

~
~

 
l 

' 
-

ln
A

 
C

D
 

N
b-

. 
4 

0 
I 

lbm
4
 

lb
 

A
 

m
4
 

IA
 

U
L
 

.4
 

0E
'
 

0 
b 

. 
-

' 
10

 
10

 
I

U
 

~ 
cA
 

m
 

0 
.4

 
lb

 
.4

 
I
D
 

2 
N
 

4 
a
4
~
 

M
4 

a 
U

0
 

nlb
 

9 
l 

0 
-

lb
 

lb
 

l2
4
 

:
$
 

"
 

AC
 

A
 

U: 
<l<

 
-1

 
0 

l 
0 

'n
 

0.
 

V
0 

n"
 

Q
. l

 0
. 

A
 

lb
 

.. 
: 

9 
C

 
' 

'C
 

.l
b

 
lb

"+
' 

0
 

-' 
0

 
lb

%
+

 l
b+

 
1r

-I
 

-.
 

IA
 ; 

-1
 :

 
k 

. 
* 

+
b4

" 
-

-
-

A
 

U M
 

r 
E

l14
:: 

"C
 

14
 

.-
-

r.
 

lb
 

4 
" 

+
 

b 
l 0;

" 
. 

2-
lb

. 
IA

 
U

0 
.

, 
::

-
:

l 
0

. 
lb

+ 
b 

0.
 

-
0 

A
 

0
. 

U
 

b.
 

lb
: 

* 
'+

+ 
*:

 

M
4
 

. 
0l 

m
~U
 4

 
14

 
99' 

lb0
i 

;:
 

' 
lb

 
1 lb

00
 

U
 

F9
. 

r 
14

 
U

 
';

 
U V

 
U ~1

 
lb

 
' 

. 
9 b 

;.
 

2"
 

L
::

w
 

b 
, 

0 
. 

0
.1

 
1
'C

,:
Jm

4:
; 

1 
,:

 

lblb
 

lb
 

-'
S

 
lb

 
w

£ 
M

 
-,

 
=l

 
-

0
, 

In
 

U
i 

-.0
 

A
 

C
 

l 
!r

 
lb

M
C

 
Cw

 
0 

lb
 

(D14
 

l 
=.

 
4 

l 
U

 
0 

V
 

b 
9 

0C
 

k 
U

 
IA

 
=

F
 

9 
rl

 
U

:: 
2: 

=
r 0

 
r 

3 
01

0 
L

 
N
 

lb
 

"
V
 

n
 

w
 

0 
n
 

N
 

IA
 

b 
0 

l
lb

 
A

n
 

lb
 

C
 

" 
U

 
b 

C
 

C
L

-
F

t 
n 
1

3
 

C
D

 
C
<
 

b 
l.

lb
 

M
~

 
:1

V
3 

lb
 

1 
w

C
 

n
 

0 
.

. 
lb

 
IA

 
V

 
.

0 
M

 

cA
 

rD
f 

l 
M

' 
lb

 
lb

 
lb

 
A

 
A

0 
A

 
0V

0 
I 

U
 

In
b.C

 
A

 
lb

 
M

n 
. 

U
' 

A
 

0 
0

U
o4

! 
. 

F
t~

L 
lb

m
-.

 
0 

0C
U

 
' 

4 
A

 
0 

-0
 

-SA
 

lb
 

0 
lb

 
lb

 
n 

0 
lb

 
lb

 
1
n
4
 

M
. 

1 
b


a4

 
-1

 
0.

 
w

' 
lb

 
.4

 
C

 
' 

' 
lb

 
U



lb

 
C

 
0 

r+
 

Z
 

C
IA

 
lb

 
0l

 
-h

 

o
n
 

-
1
 

m
-

0
 

-
-0

 
,;r

--
0p

 
0.

~~
, 

M
~

 
(1

0 
M

A
~ 

&
 

http:lb"olb.4l


152 

unless improvwents in transportation and marketing can provide greatly CHAPTER VII
 
expanded off-farm outlets for the latter. Sorghum and millet from the CONCLUION
 
North can play important nutritional roles for the rest of Nigeria, for 
they are valuable sources of protein, particularly of the two amino acids, 
 The course of economic development has major effects upon the
 
ethionine and cystine, that have been found to be liaiting amino acids 
 nutritional wellbeinq of rural household, in developing countries. 
Can
 

in the Nigerian diet [Smith, 19T5, .ip.279-280]. Marketing and transport- those effects be predicted by studying the food consumption behavior of
 
households that produce r~ost of their own food 

) 

Do semi-subsistence
ation improveaents could also lower the price of palm oil, important to
 

villagers in N~orthern Nigeria for its vitamin A and its energy content. 
 households in fact respond to the market in making their food consumption
 

In general, production improvements that lower the cost of desired 
alter- decisions? Can methods be developed to analyze food consumption choices
 

natives tosorghum will permit low-income households to move toward the when most of the lood consumed does not pass through the rrket? Can
 

more varied diets they desire while making fewer sacrifices than would 
 useful information about food consumption be obtained from survey data
 

otherwise have been necLsary in terms of the caloric adequacy of their diets. that consists of householders' reports of pr, uction. sales and expend

itures, 
a situation inwhich the researcher has no direct observation of
 
household consumption? And lastly, can prIL' elasticities be obtained
 

from cross section data, where price variation in space can be observed,
 
but not variation over t;.a? These studies have showrn that the answeF"
 

to each of these questions isyes. Moreover. they htve provided a 
mass
 

of factual information about consumption p;ttern. arJ the effects of demo

graphi: and economic variables upon thE 'ood consumption decisions of
 

rural h. holds.
 
Both in Sierra Leone and in the Kano State villqe!., the household
 

produces a majcr portion of the 
food consu.d. Cereals constitute the
 

backbone of the diet in each area, but in fierra Leone the principal
 

cereal is rice while in the Kano State villaces it is sorchum. Rice,
 

palm oil, dried fisn and cassava are the rost important foods in Sierra
 

Leone; in the Kano State villaces they are sorghum, cowpeas, nono (soured
 

skimred milk) an, ,alm oil. 
 Annual rice consumption per household in the
 

sample from Sierra Leone was about 600 kg: annual sorghum
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consumption in the three Kano State villages was approximately 900 kg 
p e r h o u s e h old.
 

Total consumption consists of quantities obtained from the market, 


quantities retained from home production, and, in the case of the Kano Stete
 
datagifts. wages in kind and loans or 
repayments. In the Sierra Leone study 


the rice production figures were based upon weighrnq of the OUtput from
 

measured plots and the rice consumption figures were derived from reported 


quantities of rice pounded. Spencer and Byerlee, who collected the data 


from Sierra Leone, and Matlon, no collected the Kano State data, were 

exceptionally careful in defining the quantity units in whih the data
 
were reported, in '-pecifying the stage of pro.cessing or iDreparation ofecnetcaprchs 

each commodity recordeo, and in determining accurate conversion ratios 

between local quantity units and kiloqrams. Their care in these matters
 

was vitally important for the 
success of our work in estimating quantities 

consumed from hoe procuction by the disappearance method. 

Several r,-bles arise when one sets out to analyze the food consumption 

behavior of semi-subsistence households. First, it is necessary to have 

both price and quantity data; eyrenditure and sales data in value terms 

alone will not do. Secondly. the tata must cover both hou.ehold expenditure
 

and consu.mtion activities and household production activities. In the 

semi-subsistence hosehold prodution and consumption cre interdependent 

activities; in sa~a situations the decision to consume and the decision to
 

produce mnay be the same tucision. 

Third1 :, and for many the ost serious problem, food consumed by the 
producing houcehold does not pass throuuh a market. This problem is readily 

dealt vr'th, however, by valuing hmEe-produced food at its opportunity costs, 

the local farm-gate price for sales of that particular food. 
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Lastly, the data that can be collected fro, production and expenditure

L s l , t e d t h t c n b o l c e 
 r r d c i F n x e d t r
studies are data for household consumption, not the consumption of
 

individual members, but to evaluate the nutritional adequacy of consumption
 

it is necessary to take into account the siz" and compositic- of the 
household. Theusual methods of doing ths hac beer expressing consumption
 

as 
consumption per capita or per adult male consumer equivalent. 
We have
 
found it to 
be mre accurate and more informative 
to use a number of variables
 

which describe the hosehold'sie and composition. 

The Sierra Leone research experimented with two fundanentally different 

and a housenold-firm ile-qtonsiainfoinviul oroiismodel describing the entire production tnd consumption 
system of the househuld as a whole. Sirnqle-eqJation estimation is inexpensive 

and can provide great detail about a large number of Precisely defined
 
conodities, but the estimates fo tie different comodities need not be
 

consi stent.
 

The household-fi- model provides consistent estmates of each of the
 

dependent variables ard makes fuller use of the informration In the model 

and th~e data than sing~e-equation estimation carn do, but it is extremely 

expensive awed requires~tne servy. -S of a skiilLO ec(n.:._tricia,. hjareover, 

the amunt of quanti'y detail that can b.: prm'ided issv.c'ely limited. 

We present first some results fro- sinqle-equtin re~ressons. Many 

students of food troble-os 4ssert that p .ouca.. "or th e -. are'- educes the 

quality of the diets of rural householcs. Tre dot. sio, t, ,* C,'ction 

for the market has xn eITct noon t.o cc ,7't., L)f . ties.but that the eafect may be either poitive rmvnatrxe. it;Sierra Leone 

households that produce large fractions of toeir own ofcons ,m:ption palm
oil and groundnuts consume mere of those con.m,.dities than others do, but 
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principal staple. is an inferior good except for households with expend-

Iture levels appreciably above the mean for the sample. At the mean of 

the sample and below, increases in real expenditures are associated with 


decreases in the consumption of sorghum, other variables being held 


constant. 
Sorghum is also a Gi'en good for more than half the households 


in the sample. The own-price elasticity of sorghum at the mean is +.92. 


If household money expenditure is constant and the price of sorghum rises, 


the ir.poverishing effect of the opportunity cost of consuming sorghum 


induces the household to replace 
some preferred foods by larger quantities 


of sorchum, which remains the most economical source of food energy even 


at the higher price. Even taking into account the effect of the higher 


price of sorghum upon the monney value of household output sorghur. consumption 

would increase about 0.7 percent in response to a one percent increase in 

the price of sorghum, in the absence of any expansion of sorghum output, 

The effect of the price of sorghum upon calories available from the 

diet as a whole is much less, but is still positive at the moan of the 

sample. The elasticity is +0.15. Eelow a real expenditure level of 4239 kg 

" ' in of money eypenditure reduce calories'rees t'e level 

•s greater as tie expenditure level is smaller. For 

policy tin is a,;.ward: impoverishment, either in the form of a higher 

opportunity cost for home-produced sorghum or a lovwer level of rroney 

expenditure, increases numb)rr of calories consu-ed averagethe by an house-

hold. Until households are well enouiih off to be appreciably above the 

mean of the sample, they prefer to reduce thei'r energy intake in favor of 

a more varied and more palatable diet whenever they becone better off. 

The effect on energy intake is not large at the mean of the sample, but 

it may be appreciable among households at lower expenditure levels. We 
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can hardly recommend perpetuating poverty as a means of improving family 

welfare, so we suggest that the emphasis in programs directed toward 

improving agricultural productivity should be on 
the food which people
 

desire to consume in larger amourts as their incomes rise -- cowpeas, 

for instance.
 

As we have seen, either the single-equation approach or estimation
 

of a complete household-firm system of equations can provide quantitative
 

information about consumption responses to 
economic and other variables.
 

Either approach can predict the effects of economic variables upon the
 

total food energy content of the diet, but th': ystems model 
can show us
 

how those effects operate through chances in productinn decisions and
 

the level of total expendittres to 
alter food choir r le-equation
 

approach can give is the net eflects of all tte r.' 
 ,olved, but 

cannot sort out tK' dit.:e~ont reiutionsn:ps that are operating. Yet any 

particular systers r'rdei is l to eclude -ertaii; mechanisms that may be 

important. For instarce, our houeholr-1,riT. ro';el _ould not ask whether 

the consumption pattern affected by Po'sica' forn in incomeis the hich 

is received as well 
as by the value of that incc;e. The econc-ist, whose 

specialty is market,. tends to atsu7re th *te fori of the i'cc-e . es 

not matter, becduse ihere maro.cts are available an outrut can be converted 

into any other outp.it. 
 6ut an 17:,ortant of*artthe. prole- in a developing 

countrv is the 1vcL tdat arkets are ni' iz:,rfet. This anpect of tne-. -,> 

situation could nct t- ex3 ined .ith the scte-n n'el ve v,,c jsng. rom 

our single-eguatior '-_,ressions, :owe.e, we 
did 3scm'.er,
Lot in Sierra
 

Leone and in Kano State, that b-'tithe a-,ailability of a particular food 

from one's own production and tie extent to w; ich a househcld produces for 

the market can affect consumption choices for particular foods. We also
 

http:3scm'.er
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found that production for the market often increased the consumption of 

particular foods when the households compared were at the same total 


expenditure level. It should not surprise us that access to income in 


a form easily convertible to money should be conducive to increased 


consumption of co.nodities purchased with money, 


While the systems model we used was not designed to deal with this 


group of questions, systems models could be designed for such purposes, 


Were that done we would understand the rmechanisms that are at work better 


than would be possible with single-equation regressions. Another problem 


deserving study is the effect of market imperfections (or simply marketing 

margins) that maintain a differential between the price at which one can 


purchase food from the market and 
the opportunity cost value of such a 


food to the far--er whio is producing it himself, the farm-gate price. Still 

another is the effect of imperfections in labor market such that when a 

household has used the labor available from its own me:-bers its access to 

additional labor is orly at considerably less favorable terms. 1 Mdels 

with different co.m.dity croupinus would be useful 
tor certain purposes. 


Cassava is sufficiently i-portant in Sierra Leone to 
justify treating it 

as a single co-:-dity even tho*,h doing so would require putting the foods 

grouped with cassava in the pre';ent mcdel into another heterogeneous class. 


Motels in whicn we had distinct Production functions for fish and/or the 


gathering and processing of palm products would be useful, although we 

would have to give up delail or increase the comoutational difficulties 

in order to do this.
 

IThe prevalence of labor exchanqe grouos and the difficulties often
 
described as 
facing households that have no male adults to contribute to
such labor exchange arrangements suggest that imperfections in the labor
 
market are a significant problem.
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In the present state of the art the limitations upon the size of the
 

model that are inherent in the nature of the computational process make it
 

likely that a model satisfactory for a problem such as one of those just
 

mentioned would be less satisfactory with respect to aspects of the system
 

that are well dealt by the model we have used. A general model that could
 

include all significant aspects of the situation would undoubtedly be
 

infeasible at present, but a series of overlapping special models might be
 

manageable, even though extremely expensive, both in terns of its demands 

upon the skills of the econometrician and the coamput~tional expense 

invclved. 

Though it may not be feasible tu use a complete systems analysis in 

examining all these problems, we ha ve shown that methods as simple as the 

single-equation regression are useful. And im-rovmcnts in methods are 

possible. Creative imininatien and due attention to 7he institutional 

features of developrr econCo',us can take uS Quite a distenze even within 

the boundaries iiposed by relatively sir I]e mrdels. 

The facts are that semi-sust*ence hcuseho ds do espond to economic
 

variables and it is possible 
to predict tios, responses. Such predictions
 

are essential -- especially predictions th. apply to low-income households 

-- if economic chance and govern7ent policy are to help rather than harm 

the poor as well as the well-to-do of the nation. 



APPENDIX
 

SURVEY DATA FOR THE SEMI-SUBSISTENCE HOUSEHOLD
 

Our point of view is that of the student concerned with the nutritional
 

adequacy of rural diets as they are affected by economic variables and
 

government policy. For these purposes we need data that provide us (1) the
 

necessary information concerning food consumption and the nutritional
 

content of that food, (2) the relevant characteristics of the household
 

concerned and (3) information concerning the econoric variables and choices.
 

To provide the nutritional information the data must include the quantities
 

of the several foods consuned, individual foods must be carefully defined,
 

the period of recall on the part of the respondent must be short enough so
 

that his memory can be relied upon, and the data must cover a representative
 

period of time. About the household itself we must note at least the number,
 

age and sex of its me,2bers, and, if possible, the amount and type of physical
 

activity of each member and the amount and kind of illness. lo understand
 

the economic influences involved we need to know the resources available to
 

the household (in physical and in value terms), the .rices paid and received
 

for ooods purchased and sold by the household and the quantities and values
 

of all goods purchased for household use, and have conmplete information about
 

production processes: outputs, inputs purchased, and labor purL ased and
 

hired out, with wages for each type of labor hired or sold.
 

Reauirements for Nutritional Anal si 

The nature of the problem defines the data that are to be collected. 

Ideally, one should design the whole analysis before data collection begins, 

to make sure that the data needed at each stage of the analysis are collected. 
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that definitions are clear and precise, and that the degree of precision 


is appropriate for the analysis to be done. 
 But the unforeseen must be 


expected. Therefore records and descriptions must be kept in more detail 


than one is likely to think necessary at the moment. Details must be in 


writing. It is tempting to think that one will remember what was done, but 


when the time comes at which precise information is needed, the person 


who remembers it may not be available or the details may have slipped from 


everyone's memory. 

Knowing exactly tne problem to be solved and how the analysis is to be 

carried out is also essential to making the choices required because 

budgetary limits make it impossible to do everything that one would like 

and as well as one would like. It is often necessary to accept less precise 

information concernlnq certain aspacts of a problem in order to have more 

precise and reliable information about the most crucial aspects. If the 


important nutritional problems stem from quantities of food energy and 


protein available, comolete and reliable data on the 
sources of fat, protein 

and carbohydrates are important, but it may not be necessary to have complete 


information about most fruits, unless they comprise 
a large part of the total 


diet. Even then detailed infcrmation about citrus fruits may not be 

impcrtant, but information about breadfruit, avacndos, bananas. plantains 

and coconuts may need to be collected with great care. 

Specifvinn the Co.-modisv 

To evdluate the nutritional adequacy of a diet we not only knowmust 
the physical quantities of the comodities consumed, but also have that 

information for individual comodities, rather than for groups of co.modities. 
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Vegetables and fruits vary tremendously in nutritional composition. To
 

combine all vegetables into one group and all fruits into another may make
 

it impossible to make mtaningful stateents about such matters as the
 

quantity of vitamin C, vitamin A or fiber in the diet. 
The proteins of
 

maize and sorghum differ significantly in their amino acid composition.
 

The nutritional value of meat depends significantly upon the animal involved
 

and the part of the animal that is being eaten.
 

Great care must be taken in determining the name or names of each 

commodity for which data are being collected. The local name may not be 

found in the nutrient cunposition tables to which we go to determine 

the nutritional content of the food. 
 In such cases a botanist or zoologist 

may be able to determine the scientific name of the food or animal, for 

there is reanoo, lecsietu.t in t!e use of tlte scientific name (although 

even here variations occur). In Sierra Leo,,e a grain called fundi is quite 

important in the north. but was not to be found in any of the food combination 

tables we were using. Some of our infor-ants cdlled it a type of millet. 

but it finally turned Out to be Nioiaria exilis. We now know that fundi 

is also called findi or fonio and perhaps by other naies as well. 

There are other ca!es in whic. the food ras a familiar nale which does 

not mean what it does in the investigtor's cn cuuntry. -lreens 

in Sierra Leone rete-s to c articulr type of !eefy 

vectable also known as native spinach. The titanical namreis Amaranthus 
hvbridur, variety cr1ertus. In :'e U.S.A. "'-eens" refers to leafy
 
vegetables in general ratrer than to a specific variety. "Condiments' in 
the United States refers to seasonings, but in Sierra Leone it comprises 
also vegetables and bits of meat or fish that are included in the sauce 
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served with rice or cassava. What is called a lemon in the United States 


may be called a lime in Sierra Leone; what we would call a tangerine would there 


be called a lemon. The bitter tomato (jakato) is a form of eggplant. 


Lastly, "beef" is the English word used in Sierra Leone for antelope meat. 


Other problems arise when the same name is used for two or three 


different foods or there are different words or spellings for a single food. 


In the Sierra Leone survey the same commodity was called local gin in 


the production data and o-iole in the expenditure data. "Salt" included 


both dry salt, imported and sold in a package at a relatively high price, 


and rawnative salt, probably rather wet and sold at a 
much lower price, 


Equal weights of these two cornodities contain quite different quantities 


of NaCi and sell at quite different prices. Palm kernel may also be referred 


to as palm nut. Pecording such data under the two different names might 


create no problems for people familiar with oil palm production and pro-


cessing, but it does create problems for the analyst with no technical 


expertise in palm product production. In our Kano State villages "hura" 


and "fura" appear to be different names for the same co77rdity. 

The stage of processing or preparation must also be carefully 

specified whenever cuta are recoided. The meaning of either a volume or 

a weight record is unclear unless we know whether grain is on the stalk
 

or on 
the cob, whether it has been threshed, cleaned, polished, husked, 


or shelled. We must know whether peppers, onioi., are
and fish fresh or 


dried, and whether output figures for etiusi refer to the weight or number 


of the fresh meelon, or only to the weight or volume of the dried seeds 


(the only part of the melon used as food). 
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Furthermore, each stage of processing or preparation must be defined
 

so clearly that the data can be used by an analyst who is not a
 

commodity expert. Phrases that are common to the trade, like paddy rice,
 

rough rice or husk rice, need to be translated for the non-expert ifwe
 

hope to extract from such records accurate estimates of the nutritional
 

content of rice in these various forms. If estimates of the nutrients
 

available to a household are to be obtainen by the disappearance method.
 

the data must be collected in such a fashion that reliable conversion ratios
 

can be established between one stage and another in the process of food
 

preparation or processing.
 

These considerations hold also for fouc 
moving into or out of storage.
 

Sorghum and millet are normally stored in the head, unthreshed, because
 

they last better trut way. Rice is normally stored in the husk, and
 

maize on the cob. p.urnaps with the husks still on. To evaluate the nutrient
 

content of food from storage the analyst rust be able to convert Quantities
 

in these forms into the equivalent quartities of focdo ready for consumption.
 

When foods have been held in storage for a time -till another problem 

arises. Any work done with respect to the nutrients available from commod

ities in storage must alluw for sturce locsess. Lo,. of 'c',ste while 

a crop is in sturare could cause the sa~e volume of foo d to weight more 
when it goes into stcrane than when it cc'res out, with lit*!e effect upon 

the nutrients contaired, but insects, weavilo or moilds may da-:Qe the grain 

or change its nutritional quality, while ra!s, iceor birds ay consue 

it. if weavils prefer the germ of a cereal rain, the grain will lose more 

of its protein content than of its calories. tosses to rodets, weavils and 

other types of spoilage may reduce the volume as well as the weight of food
 

held in storage.
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Quantity Measures 


Once the commodity is precisely defined and identified, the next 


problem is to get an accurate record of the quantity bought or sold. 


Ideally, we should like to weigh the commodity that changes hands in each 


transaction. But this is not feasible, for scales are expensive and 


the weighing process would 
consume more time than either the respondent 


or the interviewe- could afford to give. 


If our data are to consist of respondents' reports of quantities 


bought and sold, the quantity measures will have to be the local units. 


In developing countries measures by weight are uncommon. 
Most commodities 


are sold by volume or number. 


Our object, of course, is to convert these measures into kilograms, 


for the quantity -f any food in kilograms can be converted into its 


nutritional equivale. t by the use of standard food composition tables, 


Two kinds of problems arise ;n working with local quantity units. In 


one case the unit is quite well defined, and reasonably standard through-

out the country, so the investilator's problem is largely one of discovering 

wiat the proper definition of the standard ray be. The other problem, far 

more difficult to deal with, arises when unit Is not wellthe standardized, 

when it varies greatly frothsituation to situation, region to region or 

place to place. 

In Sierra Leone the volume units that were quite well standardized 


included the tin (a four-gallon kerosene tin) the bushel the kettle, 


the three-pence pan (equal to two penny pans), the penny pan and the 


cigarette cup (or tin). Fortunately there were published definitions for 


each of these units. But the published definitions need not always be 
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correct. We found conflicting definitions for the cigarette cup, but
 

had access to weighings of cigarette cups of rice, done by the African
 

Rural Employment Marketing Survey, which allowed us to identify the correct
 

definitions. (There are 8 cigarette cups in one threepence pan, five
 

threepence pans to a kettle, and four kettles in a bushel).
 

But ev-n having accurate conversion ratios amann the standard volume
 

measures does not solve all the problems. In Sierra Leone volume measures
 

are based upon the British Imperial System, which differs from that used
 

in the United States. The gallon in Sierra Leone corresponds to the
 

Imperial gallon, but the "pint" contains 11 fluid ounces whilie the British
 

pint contains 20. 
 The "bottle" (reputed ouart) contains 22 or 23 fluid
 

ounces. At 23 ounces to the bottle, there are seven bottles to the gallon,
 

but a published descriotion o the fluid measures gives six reputed quarts
 

to the gallon. [Snmith et al., 1979, p. 75.]
 

Vith dry mteasures another problem arises. In Sierra Leone it is the
 

practice to heap up the contents until no more will slay on. 
 Consequently. 

the "bushel" in Sierra Leone is so:,e10 percent larger than the Imperial 

bushel. The percenta(:e excess of the content of a bushel in Sierra Leone 

varies among co..-mrdities, however, 1ecause the a'ount of heaping that is
 

feasible varies with the cot-odity. To deal with protlems of this sort it
 

is necessary to do actual weighings of important quintity units on a commodity
 

by co-rodity basis, as reter latlon did for his study in Kaao 
State [1979).
 

Other volu-ie :'ea,re nay erist that are reasonably well standardized,
 

but reliable publisc'ei stai eonts of volure eouivalents n-a.not exist. In
 

Sierra Leone pal! oil was sold hor the rost 
port in a wide va iety of reused
 

bottles, including the small beer (reputed to contain a pint), the large beer
 

(reputed to contain a quart), the ba'bycham (champaign), and bottles for
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Atwood's Bitters, cod liver oil ane so forth. Determining the quantities 


of palm oil sold in such containers requires careful identification of the 


container used for each transaction and careful measurement of the volume 

or weight of the product as sold in each type of container that is used 


frequently. 


When a unit is not standardized, things are even more difficult. The 


principal case where this problem arises isin transactions that are carried 


out by number or in such units as the pile, heap, package, or piece. 


Specifying the number of fish purchased does not give accurate information 

about the quantities of nutrients obtained unless there is some way to 


identify the size of the fish. Identification of tne variety of fish can 

help, providing infor ation has been collected concerning the average 

sizes of the different species on sale in the markets. A similar problem 

arises with almost anything sold by the number, bundle, pile or heap. This 


includes such items as coconuts, qroundnut balls, and many vegetables and 

fruits. The problem, is particularly serious ifa root crop like cassava
 

is an important food, because fresh roots, at least in Sierra Leone, are 

normally sold by the heap or the pile. 
Accurate Quantity data for purchases
 

of leaves, couronly sold by the bundle, will also be difficult to obtain.
 

Sales of meat, sold by the piece, lilewise are extremely difficult to convert
 

into weights. 


For reasonably a-curate conversions into weights from such local units 

as bundles, sheets, ties, piles, heaps or pieces, it is necessary to spend 

a considerable amount of money and time during the original survey in trrking 

studies in each local area that define the size and weight of each represent
ative unit -- on a coimnodity by coocrodity basis. If of animalsources 
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protein are important, it will be necessary to make sample studies that
 

identify the kinds ef pieces sold and establish representative weights
 

for each type.
 

There will be problems. This work can only be done well by someone
 

who has an excellent understanding of local practices. Also it may be
 

difficult to get per-.ission from traders to weigh representative samples
 

of the co,.-nodities sold in iuch units. Traders m.y be disinclined to
 

allow someone to teigh an,!handle the produce who isn't going to buy it.
 

A similar problem arises with respect to the units in which many of
 

the major farm crops are harvested, sold or stored: the bur:ile, sneaf,
 

or tie. These units vary among localities, and in any given locality
 

the harvest bundle iF likely to differ in size from the storace bundle 

and that in turn fro. the bundle it, which the ccruJdity is sold. The size 

of the bundle also varies from comTiodity to cc!;miodity. 

To understand the relationship between the nutrients available to the
 

rural household and its productive activities, we must estimate food
 
consumption for the entire agricultural year. In semi-subsistence households
 

food cor es frorn two rr n sources: the rarke* aridthe household's own
 

production. Market purchases can be determinec with an expenditure survey. 
In principle, data on househ .ldex enditures need n c be collected for each 

of the fifty-two weeks in the y'ear if eriouqnh is known abou.t ccei;s,,-Dtion 
oftef ts in the yearifn 
 abor t cis-Otion
patterns within the year to dvS~cn a sa'-o:e that represents accurately
 

whatever seasonal variations ray occur. If trere isa seven-day cycle of 

Spending or consumtion, the Shortest period for which data should be 
collected would be the 
full week. Any sample over time must be designed to
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If, despite all planning, the work falls behind schedule, there must 


be a consistent and clearly stated procedure for choosing what goes undone, 


The criteria for making such choices must flow from the ultimate purposes 


of the study. Making wise choices, h-)wever, requires not only understanding 


the most important objectives of the study, but also how the analysis 's 


to be done, and the kinds of date that are essential to carrying out the 


analysis successfully. If some objectives of the study as originally planned 


cannot be fulfilled, those that are dropped must be the ones that can be 


dropped with le2st damage to the mo.L important purposes of the study. 


The interviewing schedule will depend upon the number of visits planned 


during the year, month or week, and the number of visits will be determined 


in part by the period of time fcr which it is reasonable to e.pect the 


respondent to have a clear and accurate memory of what has transpired. 


The shorter the recall period, the more accurate the results, but budgetary 


limitations usually require cumpromise between the level of accuracy desired 


and the expenditure required to obtain it. Our experience with data from 


Sierra Leone and the three Kano State villages suggests that a recall period 


not in excess of four days can give useful data with respect to food 


consumption (although a shorter period would be better), but that expecting 


householders to remember ordinary consumption expenditures over a period as 


long as a month yields data sadly deficient in consistency and reliability, 


Interviewers who are personally reliable ard trustworthy are vital to 


the success of any survey. The problem of the interviewer who meets his
 

schedule by i-venting answers rather than carrying out the interviews as
 

planned is well known. Other problems will arise because the interviewer 


is not sufficiently accurate in recording the information that he receives, 
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not quite capable of handling the arithmetic or logical problems involved,
 

or deficient in the patience required to proceed through the full set of
 

questions to be answered. (But we car hardly hold the interviewer responsible
 

if the questionnaire itself is so long and complex as to tax the patience
 
l
 

of the respondent as well as the interviewer.)
 

Close supervision of interviewers, participation by the survey director
 

in the interviewing process, and careful review of questionnaire results as
 

the schedules are turned in can be very effective in maintaining and improving
 

the quality of the interviews. In particular it my be possible to identify
 

interviewers who are falsifying the data and remove or replace them. In
 

other cases where there are questions about the quality of the data being
 

obtained, early analysis of some of the results may be sufficien to
 

isolate the problem and correct it. It interviewer carelessness or dis

honesty is involved there may be time to arrange for his removal or
 

replacement.
 

In general, if data can be checked and edited as the questionnaires
 

come in and the editing process can be czrried aloro almost concurrently with
 

the interviewing process, great benefits can accrue in the form of improved
 

procedures and results. In addition, proble,.s that arise because the data
 

are insufficiently labelled or incorrectly identified may be detected and
 

dealt with while the team is still in the field and the requisite supplementary
 

information can be obtained.
 

his suggests another fundamental issue that has not been discussed here.
 

This paper has been discussing the kinds of information needed fo- a comnlete
 
analysis of the consumption choices of a semi-subsistence household. To design
 
questionnaires that would actually elicit all or most of this information from
 
househnlders of normal patience and tolerance for their inquisitors may be
 
almost more thxn one could expect to accomplish.
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seriously inadequate if the data are to be used by someone less familiar 


with the data and the institutional aspects of the situation under study
 
or by someone who is using the data for purposes that were not foreseen 


when the survey was taking place. 
A similar problem arises with respect 


to the collection of all data intended for general purpose use. In such 


cases the analyst requires extremely careful Identification and document-


ation of the material he is to use or he may misinterpret important aspects 


of the data rather seriously. 


In Conclusion 


To collect the information specified here with the degree of care 

that has been recommended will be extremely expensive, perhaps too expensive 


except where the results are expected to be of dnusual value. As whatever 


is done must be done within budget limitations, compromises may be required. 


But if those compromises are made in terms of a well defined set of 


objectives, and a clear understanding of the problems to be analyzed and 


the kind of information needed for carrying out the anal.,sis successfully, 


much can be accomplished even when funds are not sufficient to allow 


everything the scientist would like 
in a world in which reliability and 


precision were costless. 


REFERENCES
 

Ahn, C.; Singh, I.J.; and Squire, Lyn. 
 1980. "A Model of An Agricultural
 
Household in a Multicrop Economy, The Case of Korea," 
 Studtes in
 
Employment and Rural Development No. 58. Washington, D.C.
Development Policy Staff, ord Bank. 

Barnum, Howard, and Squire, Lyn. (1979). AModel of an Agricultural
 

Household. Occasional Paper 27. Washington D.C.: World Bank.
 

Hay, Roger W. 1978. "The Statistics of Hunger." Food Policy 3: 243-55.
 
Kolasa, Kathryn M. 1979. "The Nutritional Situation in Sierra Leone."
Rual DevelopmentWorking Paper to. 2. East Lansing, Michigan: 
 De

partmnent of Agricultural Economics, Michigan State University.
 
Krishna, Raj. 1962. "A Note on 
the Elasticity of the Marketable Surplus
 

of a Subsistence Crop.' 
 Indian Journal of Agricultural Economics
17:79-84
 

Matlon, Peter J. 1979. "Income Distribution Among Farmers in Northern
 
Nigeria: 
 Empirical Results and Policy Implications." African Rural
Economy Pa No. 18. East Lansing, Michigan: Dpartment of
 

Agri tu Economics, Michigan State University.
 

Mellor, John. 
 1978. "Food Price Policy and Income Distributiu,: in Low-
Income Countries." Economic Development and Cuitiral Change 
27:
 
1-26.
 

Pinstaup-An.erson, P., and Caicedo, A. 1978. 
 "The Potential Impact of
Changes in Inonme Distribution on Food Deumr, ard Human Nutrition."
 

American Journal of Agricultural Economics 60:42-415.
 
Reutlinger, Shlomo, amndSelowiky, Marcelo.


2 1916. Mlcnutrition and
Poverty:Paper-No. Magnitude and Policy Ootions. 
 orld Fnk Oasion
T-ltiraMrlanThe
Johns Hopkins University
 
Press.
 

Sierra Leone. 1978. 
Nationz] Nutrition Survey. With the assistance of

the UCLA Nutrition Assessi.nt it. Washington, D.C.: Office of
 
Nutrition, Development Suppc,'t Bureau, United States Agency for
 
International Developnznt.
 

Smith, Victor E. 1975. Efficient Resource Use fur Trou)ical Nutrition:Nineria. MSU InternioT5-!-ilss and Economi Studes. astLansi-g, Michigan: Division of Research, Graduate School of 
Business Admninistraticn, Michigan State University. 

Smith, Victor E.; Lynch, Sarah; Ihelan, William; Strauss, John; and
Baker, Doyle. 1979. "Household Food Consumption in Rural Sierra
 
Leone." Rural Development Workinn Paper No. 
7. East Lansing,
Miichigan:---i-rtneprnt 0 mricuTt--
 Economics, Michigan State
 
University.
 

189
 



3 
M

 

-.
 

'ID
 

-S
 

C
, 

C
D

 
0
1
 

c4
 

nt
 C

: 
t 

br
 

I9
 

/1
n

0.
22

.-
:I

 
w

 
-.

 
, 

E
.r

 
04

 

00
D

 
f(D

 
ft

, 
:3

 
0 

. 
0r

9 
0S

~ 
M

I~
 

< 
.A

 
c~

a 

-0
I 

Cc
 

L
n 

-v
 

lL
A

, 
'a

 n
 

C
, 

M
oo

. 
IJ

-.
~ 

=A
Drl

D
0 

~ 
~ rD 

riN
-~

. 
(D

.-
'I

D
~W

Z
O

I1
 

*
1
 

1
 

*~
 

' 
a
~

.~
,0

 
I
C

t-
-.

 
Q

 
C

, 
0 

C
A

 
*C

A
M


 
no

 
0
0
 

1 
ID

r 
A

I 
nI

-*
 


C
c,

'<
 

-'n
 

~ 
* 

o
-.

 
n 

l, 
-

i 
m

 
a-,. 

w
t 

-'-
o 

-t
:*

.3

 

=c
Z

I.
 

%
0 

'<
 

+ 
0 

0
0

.L



C
L

'-
S~

oc
 

W
 

0 

m
nm

ok
 

-
.

-I
(D

E
3 

D
 

SI
O

. 
1 

5 
0 

II
 

. 
m

 
-'m

m
 

(a
. 

n 
SI

In
-

n 
n 

.
2 

' 
0 

nD
I 

.
t 

.
t 

w
 

0 
C

)
M

t 
w

L
ID

 
'-

14
* 

m
 

o 
0 

in
1 

t 

(a
 

. 
C

-.
,:

3 
M

m
-

'.c
 

n.
 0

. 
A

n r
.~

 
nS

 
w

 
m

n 
D

 
C

~o
. 

C
. 

to
ID

0
,c

-'
D

 
0*

M
1 

M
 

O
 

;a
 

0 
14

C
C=

 
.0

w
n 

0tn
In

 
n~

aO
 


',~
U

D
 

-
n-

n-
0 

V
, 

0 
c 

00
 

A
.C

,~
IO

I 
I 


.-

O
'I

rI~
rl

-.
 

-
. 

to2
: 

C
 

' 
0n

 
C

L
O

L
1I

-'.
b

~ 
ID

' 
to

 
00

 
1(

D
. 

-
-

-
0

-~
 

0-
oo

 
C

L
 

-o
 

Z
 

cu
I 

N
 

,-o
 

=-
n 
-'

r
 

.*
iC

 
, 

-i
51

 tO
O

ID
I

~~
n'

z 
,r

m
o 

n,
 

-,
 

-1
t 

=
 

~ 
ID

 
M

~.
' 

I
Iu

n
X

. 
t0

1 
a 

w
 

.-
I',

 
X

C
C

.3
 

C
-.

I 
0
.-

-.
. 

lA
 

'M
 

A
 

00
 

rt0
 

0 
0
1
0
 

*%
 

00
a 

-'.
W

 

Sn
'~

~~
' 

-S
 

S
~

 
rD

 
o'

t ;
zI

 
0n

~ 
n0

. 
C

D
n

I 
C

oI
 

0
n

' 
"I

 
=

r 
0
0
1
1
I

0~
D

 
O

 
.10 

ID-
0 

~ 
C

O
I1

rt
 A

 
~ 

.
5 

C
S 

I.
.I

 
to

It
 

o 
.. 

00
0I

~
~

~
to

f~
~

0
:.-'0

n 
0D

 
D

ID
C

I 
0
 

(,
1
tA

 
~ 

O
 

l 
A

 
01

~~
=

 
C

o-
~

. 
I~

.n
 

.*
 

Z
 

I.
-

ID
-

0I
N

-
=m

 

O
--

.. 
a

d
 

ID
-

I 
0'

 
In

-L
 

.
0 

L
O

 
'1

 
M

 
0 

1
4
-

cI
0
I=


 

*
0
 

~ 
00

 
=

 
ID

 
A

A
 

0 
~ 

I 
-

0 
0
. 

-.n 
1
C

A
 

D
I-

I 
m



10

'v
 

ID
 

0M
 4

 
0 

I, 
w

 
C

l. 
+ 

to
lI

 
to

 
It

 
in

 
M

.t
I0

=4
 

M
 

I 

M
 

.rU
1.

tu
 

.-
tb

1
 

'A
C

 
'-

.l
t 

00
 

C
rt

 
0I

r 
.

0
01

 
(a

.C
n 

.-
. 

4 
1

.0
6

 
0-

to
 

* 

L
* 

A
O

. 0
 

co
 

4'
 

~ 
!0

3 
0 

R
-

W
 k

D
 W

" 
r-

_ 

M
ID

 
I 

ID
-

O
t 

A
C

 

a,
 

1a
 

-
0 

C
I 

D
 

-'
ti

to
to

ID
 

I3
E

0
1
:E

 
r 

M
C

 

"I
n 

r+
 

o
o

ID
 

.
(D

 
r 

( 
to

1.
 

: 

to
 

.4
 I

D
 

n 
ID

 
0 

'D
 

5
0
. 

.O
ID

0 
C

 
I 

C
-

r-
--

h 
-n



-n
A

 
00

I1
93

 
o 

0 
w

t 
cu

 
0 

L
-

'C
 

w
0 

0*
 

C
L

 
fu

 
N

 

r+
t

00
. 

to
 I

 
M

--
A

 
0 

S
--

'0
 

C
-M

 

. 
01

 
*3

 
0 

U
3 

rC
 

n 
?,

 
"1

 
'1

4 
0
4
-


n 

I 
5
( 

0nc 

00
 

O
C

 
ID

 

0
0

 
Ii 

.1
 



.7~
 

.. 
~ 

<
 

4, 
.
~
!
4
C
:
-

f(
D

 
c 

n0
 	

v 
0
 

O
w

 "
 

a 
u 

y 

-'
~

~
 

L
D

 	
0 

0
~

 
M
~
~
i
i
w
 

N
 

-

U
0

a
-

yM
 	

c 
to

 
4
0

0 
m

 
< 

m
-

-
Z

_ 
.
W

m
 

l
m
 
	

a)
M

 M
~ 

=
.
,
r

m
a,

:.
 

O
 

D
 

. 
M

~ 0 
C
L
n
 

(D
 

C
L
-

<
.
 m
.
 

"'
-

"'
0 

w
.
,C

L
 

a
.
 

1 
,2

 
.m

 
0 

1 

M
-

m
 
	

-
.
 

3
m
 

X
~
a
 

m
t
 m
t
 

-' 
) 

(D
 

C
L
m0 

13
4 

M
< 

M
C<

. 
rD

 
M

20
x 

	
-a

.E
.

~a
'C

1V
. 

I
A
~
 

0
 

0
'
 
	

u 
~

,0
 

F
O

DI
D
'
 

.-
t 

	
.4

C
 

0t
 

W
M
 
c
n
 

-
a
.
 

.
-

. 
w

 
a.

 
7-

. 
;a

. 
m

-
w

. 
n
 

-
n*

-
:3

 
m

 
m

 

>
 

u
m
D
 

M
 

1.
 

a
l
 

L
 

a
 

V
 

-
' 

4
. 

0
 

4
 

.
0
 
	

-.
 

c
o
 

> 
0
 

-
7
f
l
 
"
aL

n 
0
.
 
	

-4
 

1
i
 

a
.
 

-4
 

-
N

I =
~ 

-1
 r=

m
a
 
	

=~
 

m
4
+

 
-

0
~

1 
' 

m
-

wn
 

n~
-

m
 

a 
-.

-
.
-

W
-
a
-
s
L

a
 

a
.
4
 

m1
t
'
 ~ 

r 
~ 

. 
E

 
. 

-4
 	

m
 

. 
a 

c
 
.
 

o
 

n
i
 

m
 

nm
 

-P
 

a)
 

0.
 

<
"

 
W

L 
D

Im
 

Ib
.~

0
 

F
tD

 
In

.0
 

0
-

-
'
i0

 
w
'

*-
o
 

n~
 

w
 

(,
. 

-
n 

a
.
 

O
 m

< 
3 

m
 

C
I 

m
 

a 
* 

r.
, 

0 
n
u
 

m
a.

 
X

 
a
.
 

-
a
,

E
A

~-
0
-

0
 

-0
 

C
. 

0
.
.
0
 

m
 	

.
m

 
a 

m
a 

a0
 

m
1 

.-
' 

-D
w

C
 	

I 
> 

-n
 

0on
A

 
0
. 

V
.
-
.
 

nc
)a

. 
0
~
 

<-
ID

 
to

 
a 

" 
0 

( 
-

m
 

, 
-

> 
.a

 
m

< 
0 

n 
a.

 
0

0t
 

a.
 

m
 %

07
0m

 
W

A
-

iC
-

0 
	

a,
s 

m
 

-2
 F

t 
I 

.	 
. I

 
( 

A
 

0m
 

1 
L

, 	
'1

 
0

* 
4
 

0
 

C
D

 
r 

-	
m

 
1 

3 
c 

n
 

*
M

 
W

T
 

1 
-S

 	
<

 
* 

m
 

0 
0
4
 

( 
0
 

0
 
	

C
D

 
) 

M
t 

a
 

0 
a
#
 

-
a
 

't
 

-
o
 

U
3 

	
R
a
 

n
' 

0
 

0
 

03
 

0
 	

0
 

0
 

0
0
 

0
3
 

0 

a
.0 

N
0
 

0
 

i 
4
D
 

0
 

J
 
	

W
 

C
(
l
a
.N

 
-

C
I 

D
 	

L
I=

 
m

-.
~ 

a 
n 

* 
a 

~ 
Z

44
 

I 
c.

 
e
m

C
 

C
.4

Z
 

~
0
1
. 

'' 
~ 

~ 
Z

 
. 

04
-t
/ 

a
.
 

'
C
m
 

m
m
 

m
C

 
0
.
s
-

m
..-

'.-
. 

-'
0
* 

-0
 

r-
C

 
C
 

a
.
 

a.
't
a 

a 
n 

n
1
m
 

Z
l
a
 

C
_ 

0
 

C
 

-'
. 

-
'
m
 

04
0 

=-
-	

L
0
 

0.
0
.
l
 

C
O
 

-
e)

 
i 

a
.

a
I
V
 

rb
-	

a
.
0
a
 

n
.
 

F
m
 
	

.


 

m0 
-
a
 

c
 

-
-.

 
0
.
I
 

1-
4'

 
'
t
i
n
 

C
C
 

M
n
n-1

 
cm

 
-

.
.
 

,+
.' 

a
-

.
 

o
 
-

m
 

s
 

, 
v
a
 

-M
 

a
.
 

.
- 4
 

F
t
'
 

' 
w
a

V
 

.~
 

" 
3
' 

0
0
.
-
_
 

C
~t
n
i
'0

1 
0
w
 

cr
~~

 
1~

 
-

m
,
 

m
w
o
 

-,
-

-0
, 

n
t
 

C
A

 
-1

 
.
0
 

z 
.
t
&
 

A
 
4
0m

 
m
-

=
r 

A
 

0 
m
m
,

t
 

a
'
 

A
 

w
 n

 
' 

~ 
--

4
 

lu
 

. 
a
 
.
.
.

C
3
 

0 
'0

 
0 

0
 

0
D

 
L

A
,

in
 

a
.
 

9)
, 

=
0
 

0
 

r 
.

ID
A

 	
A
a
 

r
'
l
t
 

-
T
I
D
 

1 
s
a

-
4
-

A
 

a
- a
 

13
. 

a
.
 
	

:
A
0

0
,
 

p~
 

R
t
 

z
'
i
 

'
t
M
 
'
 

to
nC

-
w
m
 
	

C
t
 

.
1
O
I
 

a
.
r
 

C
 

a
.
 

W
I
A
C
 

F
l
-
'
 

i
n
x
,
 

c 
*0&

6 
m

 
n
A
I
 

v
.
0
 

m
 

/
 

n
I
 

a
.
 

-I
l 
	

0
 

A
 

Z
4
 

o
a

m
m
a
 .
 

=
'
a
 

:c
~1

 	
S

 
.
 

a
.

4
0
 
-

a
 

o
 
+
 

I
 

1
 
1
 

S
a
 

-
'
C
,
 

a
 

5
a
 

.
 

'
 

C
, 

4
 
0


 

1
0
 

4
1
 

-
1 

;
.

V
 

0
C
 

4

 

=
0C

A
 

a.
u

 
-'a

 
-I

c
 

C
1 

L
nm

. (A
. 

no
3 

to4
A

 
'1

0
c 

m
 

v.
 


-5
 

V
. A

 
-'1

 
In

 
4
4
 

.fu
-t 

.
0 

I 
A

 
0 

.
m

 
0 

m
a.

%
 

fl-
( 

	
:

aa
:0

 
a.

 
00

LO
 

~ 
i~

n
 

a
-

23I
 

~m



00
-' 

v
0
 

a-
4
0
 

~ 
m
 

; 
a
m
o
 
	

C
o
m
m
a
.
 

I
 

m
 

0m
' 

C
L

 
-

0 
0
aC

 
-V

, =
r 

	
m0
1

 
A
m
 

01
~ 

C
 

to
a0

 
-S

-' 
.1

 
-0

0 
04

 
-'i

 
0
0
 

-'
C

1
 

C
-1

 =1
 

n 
-,

D
 

~ 
0
-

A
S

 	
v=

 C
L

 
*

0
=

 
~ 

m
 

4 
C

m
	~4
0~
c

am
s 

04
 IV

 
*4

-
ID
~t
 

-''
M

/
0
.
 

a
.
 

r
D
n

m
m
 

O
m

 
-

o
 d

 


ao
 

0i
 

7V
-

in
n-

'C
 

A
1 

4
4

5
 

n
 

~ 
C

L
, 
c
a
 

0
I
 

N
0
 

m
c
 

a
~
a
 

a
N
 0

 
0
C
 

-
o 

-
C

 

o 
IN

V
 	

-a
..

m
 

-I
 

n
-
n
 

-0
n

 
-a

.N
 

n
r
~
 

a
m
l
 
	

a
 

O
m
 

n
-
Am
 

a
.
1
 

0
1

 
.'
. 

.0
,4

 
w

i 
1 

>
a
.
 

~ 
n
0
 

cu
a~

 	
-S

IA
 	

a
.
A
 

C
 

0
4
 

C
 

0
.
t
0
,
 

(
0 

-
0
.
 

-.
 

-_
n

 
n
-m
mQ

 
in

Ia
 

-'4
 

0
L

 
-' 

C
L

 
a.

3.
0 

a,
-'

 
. 

(0i 
I 

;
;
-

(D
 	

0
-
.
 

ax
C

 
0
a
 

-I
 

am
 

m
 
r
~
-

-n
m0
-
n
 
	

C
a
.
 

-
a
 

m
 

.
,
 

0
.

a
.
0
 

4
0
n
 

m
aI

n 
. 

i-
r
 
.
 

n,
 

-0
 w

'.
 

v.
 

*n
 

-

IA
1
 

a
L
o0~

 
A

 
nr

t 
0.

 n
 

C
m

 
,n

h 
r-

C

 

m
 

N
. 

C
L

 
0 

a.
0 

.t 
0
 

I-
4
n
 

na



r 
a.

 
r-

m
 

v
. 

. 

a
 

lm
 

C
, 

m(
nD

a 
C

 
I 

V
 

o
g

0 
0

.' 

4.
 ,

 	
0 


