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I. Introduction
 

The agricultural sector is the main backbone of Tanzania's national 

econo-y. It accounts for about 54 percent of the Gross Domestic Product 

(World Bank (WB): August 1.981, p. 138). Agricultural exports contributed 

about 80 percent of export earnings becween 1973 and 1979 (Mrketing Develop­

merit Bureau (I'DB): 1981-82, p. 18). Furthermore, about 88 percent of the 

population live in the rural area and 83 percent of the economically active 

population is engaged in the agricultural sector (WJB: August 1981, pp. 170 and 

172). This high percentage of economically active population in agriculture 

has to produce enough food for both rural and urban population.
 

During the first five year plan 1964/65-1968/69, Tanzania pledged to be
 

self-sufficient in food by 1981. This objective h'is been difficult to attain
 

and the goal seems to ba still faraway. It appears, that the set goal was
 

not accompanied by the most plausible course of action to reach it. Within
 

the two inderendence decades, the country has from time to time been plagued
 

by acute food problems. This vulnerable situation has been exacerbated by
 

the failure to identify timely the main causes of food deficit. As a con­

sequence, apparent incompatibilities between policy objectives and policy im­

plementations have evolved. For instance, since the early to late seventies,
 

the implicit official price policy was to favor the production of food crops.
 

Availabli price data for both food and cash crops do not seem to agree to
 

this (see Appendix 1, Table 4, Columns 1, 5 and 7).
 

Between 1961 and 1980, overall food grain producti,n increased, although
 

the performance in individual crops d4.ffered (see AppeTLdices 1, 2 and 3). For
 

many Tanzanians, food means grains. The most importarLt of which are, maize
 

(corn), rice, wheat, sorghum and millet.
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This paper is a follow-up study of Msambichaka's papar: "Food Grain
 

Shortfalls in Tanzania 1961-1981: A Retrospective Assessment'in which
 

the author discussed various issues related to food grain situations in
 

Tanzania. For ease of continuity, the same grains covered in the previous
 

paper will be discussed. They include: maize, rice, wheat, sorghum and
 

millet.
 

Part Two and Three discuss the theoretical approach and the analysis
 

of the findings respectively. Part Four presents the conclusion.
 

II. Theoretical Framework
 

a) .2 -2100 __1 

Tanzania has during certain years, experienced a surplus production
 

of maize. At the same time, it has permanently remained a net importer of
 

rice and wheat.
 

During the second half of the seventies, the volume of imported grains
 

has been declining, when the import bill has been rising. For instance, in
 

1975 and 1980, the country imported respectively about 521. and 315 thousand
 

tons of maize, rice and wheat. The import bill during the years was about
 

686 and 814 million shillings respectively;. An average of about 22.5 per­

cent of export earnings had to be used for importing grains during the
 

respective years (see Green, R. et al., 1980; Malima, i. A., 1981-82).
 

The government Lannot always afford to import enough grains to close
 

the gap between domestic production and demand. In times of foreign ex­

change problems, the government has to limit importation of food grains.
 

Under the.-e circumstances, the gp between domestic food production and
 

demand has to be closed either by rationing and/or price increase. Gerrard
 

and Roe (1981, p. 37) suggested that the latter has been practiced.
 

The need for more food in Tanzania is not questionable. Vhat is
 

questionable is the method used to increase food production, the extent to
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which the effects of factors of production are known and the appropriate­

ness of the laid dow-n objectives and strategies for stimulating producers
 

to grow more food.
 

Increase of food production greatly depends upon the increase of
 

productivity and adequate knowledge of factors of production. As the nation
 

grows, the demand for food is increasing. Surprisingly, the relative supply 

of food to the nation is decreasing. The cause of this problem is not clear. 

Msambicihaka (1931, D. 4) raised a number of likely causes of food pro­

blems, which demaiided some quantification. The present paper attempts to
 

evaluate the degree to which different variables influence food grain pro­

duction in Tanzania.
 

Over the years, food grain shortfalls in Tanzania has been associated 

with unfavorable weather which entails drought and/or floods. This re­

search study: hypothesizes that weather is not the only important determinant 

of food grain shortfalls in Tanzania. For this reason, an attempt is made
 

to test the effects of some important determinants of food grain production. 

This study concentrates on: capital, labor, fertilizer, weather, land and
 

prices as independent variables. The impact of each to food grain production 

will be measured over a period of 14 years (1965-1973). It is anticipated,
 

that more plausible explanations to the cause of food problems will be 

brought to knowledge. The detection of a fit explanation to food grain 

shortfalls will hopefully assist policy makers in working out future food
 

policy objectives.
 

The study covers a period of 14 years (1965-1978). However, a number
 

of observations raised in this paper apply to the period 1961-1979. The
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data used are either absolute, or relative figures. In all the equations
 

used; capital, labor, fertilizer, weather, land and competing crop. are
 

defined as follows:
 

Capital: Amount of loan disbursed to the agricultural sector by
 

commercial banks. In this case capital includes loans directed
 

toward agricultural production and marketirng of agricultural
 

produce.
 

Labor: Total economically active labor force in the agricultural
 

sector.
 

Fertilizer: Total consumption of pure plant nutrients (N, P2 05 ,K 20)
 

in the agricultural sector.
 

Weather: Actual total amount of rainfall recorded in all regional
 

meteorological stations.
 

Due to lack of detailed information, the above variables were used
 

in aggregate terms. Disaggre-ation for each grain was not possible.
 

Land: Total harvested area and for each grain in hectares.
 

Cometing Products: Food crops are generally thought to be competing
 

with cash crops.
 

Due to lack of adequate data, cash crops here refer to cotton and
 

tobacco. In this paper, sorghum and millet were thought to be competing
 

for resources with maize, wheat with other food grains, maize with sorghum
 

and millet and cash crops. Rice was thought to be competing with other 

food grains and cotton. Our curiosity to know the response of producers 

to price changes lead us to substitute prices for physical units. 

d) 777- -fde 

For our purpose let us postulate the following food grain supply
 

function:
 



L 

f f f f f ,f f f f f f 
> y3f y Lf(p), (p), (p) (p) (p) Y. Y2 0, 

f f f 
. . . . . . y 4>0 Y5> O, Y6< 0 (1) 

Where: 
f 

Y Physical food grain supply; 

f 
K = Physical capital stock; 

f 
= Labor;
 

f 
T = Land; 

f 
F = Fertilizer;
 

Z = Supply of other competing agricultural products;
 

f
W = Weather; 

P = Price vector
 

.Allvariables in time t except where otherwise indicated. In this function
 

K, L, T and F are the choice variables whereas W and Z are given. Equation
 

(1) can bo considered as an aggregate supply functiop which can be disag­

gregated into individual foe- grain supply functions as follows:
 

yfi n fi fi fi fi fi wfi zfi) fi yfi 

Y Z = y (K , L) Tp, F W y 1 > 0, 2> 0, 
i=1 p ( P () 

fi fi fi fi
 
y 3 >0, y 4 > 0, - >0, y G< 0 (2) 

Where the superscript i = 1, 2 ... n refer to individual food grains. In
 

= 
our case let i 1, 2, 3, 4 refer to sorghum and millet, wheat, maize and
 

rice respectively.
 

We would l',.e to apply the above model to Tanzania. Lack of data
 

availability and differences in environment required some modification to
 

our general model. Due to lack of space, only the final and modified
 

versions of the equations (1) and (2) are presented below. 

f f f f f f1 f f f f f 
,Yf= y (K, L T, FW, Pf/'c ) y >0, yf >0, y3>O, y4>O, Y5> O, 

fy6 > 0 ..... (3) 
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f= yf(Kf Lf , Tf 1W, Pf /Pf ), yf1 >0, yf 1>0, yf1 > 0,Y 1 - 3 1 2 3 

(4)
y 0>0,y >0 .. 

4 5 

yf = yf2 (K L , T Ff W, Pf2/Pf), Y1>o, yf2 >O'vf3>0 Yf4>0' 

yf2 >0, >0 ..... (5)
 

5 6 

3 = f3-f(Kf, Lf, f 3 , F'lW, P /P Pf /P)! yf3>o, yf3> 0, yf3 >0, 

yf3
f 3 f 3 f 3 


> 0, y > 0 ...... .(6)
y 45 >0, y >0, y 6 7 

f4 f~4 f f 3 fi f4 ) f4 > )yf4>0
Y = y (K", L , T ,F W, P /Pf' P /P ), y >0 YI f 4 f' f 4 ct 23 

yf >0 , y >0, yf> 0, yf >0 ...... .(7) 
4 5 6 7 

Where:
 

/P //e
P/P - f PfP f3 f /P C' Pff /Pff' P f4 
/Ct

Cf c' rl f3 f f3 


cash crops, sorghum
are defined as relative prices of food crops versus 


food, maize versus food, maize versus
and millet versus maize, wheat versus 


cash, rice versus food and rice versus cotton. Based on Tanzanian experience,
 

particular relative prices were included in specific equations whenever there
 

was ground to suggest a possibility of resource shift from one activity 
to
 

another. Moreover, farti-izar does not appear in equation (4) since the
 

variable was not an imrnortant input for sorghum and millet at least for
 

This has been observed in most African countries (see

the time under review. 


Christensen, C. et al., 1980, p. 102).
 

III. Discussion and Interpretation of the Results
 
z 


_ _ _ " ca) 


eight different regressions were
For each of the equations (3) to (7), 


performed. We present below only a sample of results:
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(i) 	 AZZ Grain Prodaction-: 

yf = 	0.273 - 0.584 Pf/Pc + 0.812 T f - 0.175 Kf - 0.675 Lf 

(1.141) (-0.618) (3.635) (-0.162) (-1.305)
 

+ 0.658 Ff - 0.804 W ...... .(8) 

(1.433) (-0.233)
 

R2 = 	 .946, D/W = 3.089 

Uigures in parenthesis are the t-ratios. Land and fertilizer are the only
 

significant variables. They are also the only variables with the expected
 

signs. Many attempts to improve these re.-ults did not prove successful.
 

However, as a result of high correlation between capital, labor and ferti­

lizer a decision to e:':lude fertilizer and labor was made and the results
 

are presented below as follows:
 

Y = 	-0.161 - 0.102 Pf/Pc + 0.670 Tf + 0.961 Kf - 0.416 W . • • (9) 

(-0.340) (-0.110) (3.512) (6.790) (-0.117) 

R2 
= 0.925, D/W = 2.898
 

As expected there is a negligible decline in R 2. However, capital now re­

verses sign and becomes significant at 99 percent confidence level.
 

(ii) Production of Sorghu7 and Miiiet: 

yfl= 	 0.240 + 0.556 Kf + 0.906 Pfl/Pf, + 0.374 W - 0.391 Lf 

(1.375) (2.749) (0.822) (2.453) (-1.838) 

- 0.344 Tf l . . ..... (10)
 

(-1.320)
 

R2= 
 .774, D/W 
= 3.016
 

In this equation capital, weather and labor are all significant at 95 per­

cent confidence level. However, labor tal ;s an unexpected sign. A number
 

of attempts to improve the results did not succeed. However, the following
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interesting observations appear when the variables in equation (10) are
 

divided by T_ and prices lagged by one period:
 

Yfl/Tfl = -0.662 + 0.271 Kf/Tfl + 0.767 (Pfl/Pf) + 0.174 W/Tfi 

(-1.080) (0.589) (1.752) (1.729) 

- 0.330 Lf./Tf ..... (11) 

(-1.293)
 

R2 
= .589, D/W = 1.695 

Only relative prices and weather are significant at 90 percent confidence 

level. Capital is not significant even in the absence of labor. 

Whi)
eat-ro: to
 

Total wheat production reacted better with lagged prices as follows:
 

S2= _0.859 - 0.110 Kf + 0.326 W + 0.116 Tf2+ 0.438 F f + 0.231 (Pf 2/ Pf) 

(2.618) t- 1(-2.180) (-2.240) (1.677) (4.521) (2.266) 


.(12)) 

R = .797, D/W = 2.384
 

All the variables are significant at 90 percent confidence level or higher.
 

However, capital takes an unexpected sign. The inclusion of labor does not
 

improve our results, although labor does well in the yield regression parti­

cularly when capital and fertilizer are excluded and prices lagged.
 

f, f f 4
 

Y /T -0.9d + 0.663 W + 0.309 L /T + 0.227 ( f2/p)
 

(-1.513) (1.855) (4.384) (1.274)
 

..... (13) 

R2= .805, D/W = 2.192
 

Prices are no longer significant.
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(iLY)Mie rdti: 

Maize reacted very peculiar compared to other food grains. All but ine
 

of the eight attempts did not produce any encouraging results. We present 

below the best results: 

Yf3/Tf3 = -0.156 + 0.593 Pf, /Pf + 0.886 Pf3/Pc- 0.364 W + 0.241 Kf/Tf 
C3 

(-2.170) (2.206) (3.756) (-1.158) (5.357)
 

. . (14) 

R2= 
.911, D/W = 2.365
 

With an exception of weather, all the other variables ale significant.
 

(v) Rice Proltijn: 

Regressing total rice production gives the following results: 

yf 0.584 + 0.183 P4 /Pf 0.915 " 4/Pct + 0.645 W ± 0.880 TfA 

(2.930) (2.064) (2.392) (0.376) (7.615)
 

+ 0.259 Ff - 0.139 Lf + 0.474 Kf ..... (15)
 

(1.525) (-2.843) (1.013)
 

R2 = .980, D/W = 2. 636 

With an exception of capital and weather, the rest of the variables are
 

significant at 90 percent confidence level or more. Furthermore, all the
 

variables except labor have expected signs. The exclusion of labor and
 

fertilizer presented the following results:
 

yf 4 0.225 + 0.230 Pf4 /Pf + 0.359 P f 4/ - 0.154 W + 0.764 Tf 4 

(0.679) (0.236) (0.932) (-0.065) (5.164)
 

+ 0.255 Kf . . . . . (16) 

(2.558)
 

R2 = .949, D/W = 2.162 
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Here capital and prices have reversed their degree of explanatory power.
 

Capital becoming significant and prices insignificant. As in equation
 

(15), weather is still insignificant but its sign has changed against our
 

expectations. All other attempts did not improve results; although the 

exclusion of labor and fertilizer produced peculiar observations on yields,
 

when prices are lagged.
 

Yf / = 0.131 - 0.138 (Pf%/Pf) _ 0.403 (Pf 4 /Pct)t- 0.197 W 

(5.977) (-0.020) (-0.194) (-1.481)
 

Kr
 
+ 0.418 /T 4 .. ... (17)
 

(4. 06,,) 

R2= 0.816, D/W = 2.284
 

.A11 variables but capital have taken on unexpected signs. Moreover, both 

weather and capital are significant at 90 percent confidence level or more.
 

Capital reacts positively to total production of sorghum and millet, 

but does not have any significant effect on yield of these grains. This 

may imply, that producers of sorghum and millet use their capital more for 

extensive than intensive cultivation. 

Capital reacts negatively to total production of wheat, but does not 

have any significant effect on yield. Since state farms ontribute a signi­

ficant amount ol total production, this observation may imply one or both 

of the follov.:ing: that there is already enough caoital in the state farms 
or that the aailable capital is not used productively. sambichaka (1981) 

noted that wheat state farms in Tanzania are not efficient in their use 

of capital. 

Capital reacts positively to maize yield but does not have any signi­

ficant impact on total production of maize. This may imply that maize
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producers use their capital more for intensive than extensive cultivation.
 

Lastly, but not least, capital reacts positively to both total production
 

of rice and yield. Thus rice producers use their capital both for extensive
 

and intensive cultivation.
 

(ii) Labr:
 

Labor reacts negatively to total production of sorghum and millet, but
 

does not have any significant effect on yields of these grains. This may
 

imply, that there is more labor force in areas under sorghum and millet pro­

duction than is required, suggesting that some kind of structural (hidden)
 

underemployment may be in existence. Navarrete, and Navarrete (1977) sug­

gested this as the ty pe of underemployment that is typical of backward
 

econcmies. They indicated that this "becomes more acute with the intro­

duction of new techniques in primary production, when the other sectors
 

of the economy fail to step and expansion is uneven" (pp. 342-343). In the
 

case of Tanzania, the coexistence of a slow expansion of the modern
 

sector and the u!,- of traditional equipments in agriculture could lead to
 

this type of underemployment even in the presence of an increase in agri­

cultural labor force. This is because the use of traditional equipments
 

has an eventual limit to agricultural expansion. In the case of wheat
 

yields, labor reacts positively, but does not have any significant impact
 

on total wheat production. We do not seem to have a sound explanation for
 

these results. Moreover, i.ts impact on either total or maize yields was
 

not significant. This implies that total maize production is at its maximum
 

and does not increase or its increase, if at all, is npgligible. Theoreti­

cally this means that marginal product is either/close to zero. This
 

may be a result of underutilization of existing rural labor force and/or
 

the use of traditional tools of production. The result is a serious loss
 

of human resources. As regards rice, labot had a significant reaction to
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total production but not to yields. However, its impact to total production
 

was negative. The economic interpretation of this has already been dis­

cussed in the case of sorghum and millet.
 

ii)Fer2 tilier:
 

Fertilizer was excluded in the sorghum and millet equations for reasons al­

ready specified. It had however a positive impact on tocalwheat production but
 

not on yields. Ideally the apDllcation of fertilizer is meant to improve yields.
 

The results are, therefore, surprising. A look at Tanzanian statistics indicate
 

that state farms apply more fertilizer to their farms than small-holders.
 

However, data on yields indicate that the latter has higher yields than the
 

former at least for the period 1975-1978 (see Msambichaka 1981, Appendices
 

4 and 5). This may imply a misuse of fertilizer on the part of state farms,
 

although some other factors may be responsible for this low yield. We are,
 

therefore, inclined to suggest that a significant positive relationship be­

tween fertilizer and total wheat production in our findings is a mere coinci­

dence.
 

In the case of maize, fertilizer did not have any significant impact
 

on either total production or yields. This may be due to the fact that small­

holders use a negligible amoui.t of fertilizer, particularly in food production.
 

Small-holders contribute approximately 99 percent of all maize produced in
 

Tanzania. The influence of fertilizer which is mainly applied in state farms,
 

is thus greatly reduced in the total production. Lastly, the impact of
 

fertilizer on rice was significan, on total production but not on yields.
 

State farms use more fertilizer than small-holders. At the same time,
 

available data indicate that state farms have higher yields than small-holders
 

(see Msambichaka 1981, Appendices 4 and 5). Since state farms contribute
 

only about 3 percent of total rice production, the effect of fertilizer on
 

yields Js reduced. As we have indicated, small-holders use a negligible
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amount of fertilizer. The significant effect that fertilizer has on 
total
 

rice production does not seem to have a clear cut explanation; particularly
 

in this case where small-holders contribute about 92 percent of total pro­

duction.
 

(iv) Wea the r 

The amount of moisture plays an important role in both total production
 

and yields of sorghum and millet. Irrigation programmes in drought resistant
 

producing areas could be 
one way to either stabilize or increase production
 

of these crops. Similarly, the amount of moisture leads to an increase of
 

both total production and yields of wheat. The implication here is the
 

same as in sorghum and millet. 
However, neither total production nor yields
 

of maize seem to be significantly influenced by the amount of moisture.
 

This may suggest that maize producing areas receive enough rainfall. If
 

this observation is true and given the limited resources, Tanzania is better
 

off concentrating her irrigation programmes on wheat and drought resistant
 

crops.
 

In the case of rice, we observed no significant impact on total pro­

duction, although a negative impact was indicated on yields. Among the
 

plausible explanations are that: 
(a) in the highland areas excessive rains
 

may accelerate the process of washing away the soils, 
(b) in the lower
 

areas excessive rains may cause water logging of the soils. Both effects
 

cause a decline in rice yields. Precautionary measures could include de­

veloping better drainage facilities for lowland areas and the use of con­

tours, farm yard manure and avoiding deforestation in highland areas.
 

(v ) Land: 

Land did not show any significant impact on total production of sorghum
 

and millet. The finding agrees with data on harvested land. A quick look
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at the available data indicate that ha.rvested land did not significantly in­

crease, if at all, before 1975. This agrees with our earlier observation on
 

labor in drought resistant producing areas that the use of traditional tools
 

by small-holders does not significantly affect both land expansion and yields.
 

Furthermore, repetitive cultivation of a given piece of land for a long
 

period causes a decline on yields. Both of these factors may lead to ob­

served fluctuations of total production (see Appcndix 1, Table 2).
 

.As regards total wheat production, the impact of land is significant.
 

The contribution of the ongoing Hanang Wheat Complex can therefore be awaited
 

with optimism. Assuming that wheat is not a high cost crop compared to other
 

1/
 
grains- an encouragement to small-holders to produce more could help to
 

solve the problem of wheat shortage. This is particularly true since small­

holders have been observed to have higher wheat yields than state farms.
 

Land does appear to have a significant impact on total rice production.
 

If in Tanzania rice is a low cost grain, as Gerrard and Terry claim, then
 

it makes sense to encourage both state and small-holders to increase their
 

farm size. State farms could then be given priority in this particular case,
 

since the available data indicates that they have higher yields than small­

holders.
 

(vi) Prices: 

Prices of drought resistant crops have a significant impact on yields
 

but not total production. However, the impact is a delayed one, that is,
 

yields react to price changes with a one period lag. This may imply that
 

producers of sorghum and millet tend to work more intensively rather than
 

extensively as a result of price changes. Furthermore, drought resistant
 

crops and maize compete for resources as a result of price changes. Pricing
 

policy of the two crops will thus cepend on government's priority as to
 

1/ Gerrard an2 -rru (L98I, p. 43) rve obZserved ta; in C'.anzcinica, wheat, 
c=a.e-oozt7cr - ' s a h-. cc3; -rv- -n retZr-cn to worl T rices. 
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which of the two, emphasis is to be placed on. Available data show that
 

pricing policy has generally favored drought resistant crops rather than
 

maize (see Appendix 1, Table 4).
 

On the other hand, total wheat production reacted to price changes
 

whereas yields did not. Moreover, the reaction was not instant but a Ce­

layed one. Results also showed 
that wheat and other food grains compet: for
 

resources Ls a result of price changes. Gerrard and Roe (1981, p. 32) found
 

that wheat competes for resources with maize.
 

Total maize production did not 
react to price changes. However, maize
 

yields reacted to price changes and instantly. Furthermore, other food
 

grains and cash crops compete for resources with maize as a result of price
 

changes. 
Lastly, rice price changes affected total production but not
 

yields. The reaction was instant. In addition, rice competes for resources
 

with other food grains and cotton as a result of price changes.
 

c) Data Limitato a' s o+ i
 

The empirical analysis covers the period 1965-1978. This is because
 

data for tobacco prices were not available for years before 1965. A more
 

rigorous assessment of the data is needed regards to production and the
as 


use of input. This is especially needed to allow for changes in any dynamic
 

economy. Furthermore, a study of 
this nature requires accommodation of such
 

important factors as inflation and devaluation. Our study falls short of
 

this. Furthermore, all measurements and units of particular variables had
 

to be converted into a single denominator. In addition the inability 
to
 

obtain all the necessary data for the required years, forced 
us to use
 

some mathematical formulations, 
to estimate the missing figures. Both of
 

these might have led to some degree of inaccuracy.
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IV. Conclusion
 

1. Production of sorghum, millet, maize and rice react positively to
 

capital. Wheat production appears to react negatively. In general
 

there is a tendency of shifting resources from one food grain to
 

the other and from food grains to cash crops. Although this ob­

servation in general agrees with Gerrard and Roe (1981), 
our availa­

ble data do not seem to agree with their contention that there is
 

a change in the 
ter's of trade in favor of food grains, resulting into
 

a decline of export crop production (see Appendix 1, Table 4, Columns
 

1, 5, 6).
 

2. Generally, the production of wheat %nd rice react positively to
 

labor. Sorghum and millet react negatively. Maize does not seem
 

to react to labor.
 

3. Production of rice appears to be positively related to the applica­

tion of fertilizer. Maize production does not seem to react to the
 

application of fertilizer.
 

4. Sorghum, millet and wheat have a positive relationship to moisture.
 

Production of maize does not 
seem to react to changes in the amount
 

of soil moisture. Rice reacts negatively to increases of soil
 

moisture.
 

5. In general, wheat and rice react favorably to increase in land.
 

Sorghum, millet and maize did not 
appear to react to land expansion.
 

6. Generally, food crops react to price changes. The degree of reaction
 

varies from one 
crop to another. Maize and rice react instantly
 

whereas sorghum, millet and wheat react with a delay (lag). 
 This
 

is consistent with Gerrard and Roe findings.
 



-17-


Thus, different grain reactions to various variables can be summarized
 

as follows:
 

Variable Sorghum and Millet Wheat Maize Rice
 

Capital Positive Negative Positive Positive 

Labor Negative Positive None Positive 

Fertilizer -- Peculiar None Positive 

Weather Positive Positive None Negative 

Land None Positive None Positive 

Prices Positive Positive Positive Positive 
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Appendix 1: Production, Choice Variables, Weather and Prices
 

Table 1. Harvested Area i; 1000 Hectares
 

Total Grain Sorghum
 
Area and Mfillet Wheat Maize Rice
 
Tf 	 TTf
Tf T 	 3 T f 4 

T 	 Tf
 

1961 1112 	 380 8 642 82
 

1962 1146 	 340 18 705 83
 

1963 1648 	 340 22 1171 115
 

1964 1324 	 390 25 833 76
 

1965 1342 	 439 23 829 51
 

1966 1963 	 402 34 1400 127
 

1967 1576 	 309 31 1132 104
 

1968 1426 	 250 34 1014 128
 

1969 1411 237 31 1014 129
 

1970 1430 215 49 1015 151
 

1971 1434 215 51 1015 153
 

1972 1785 260 70 1300 155
 

1973 1186 497 55 503 131
 

1974 832 235 27 471 99
 

1975 1836 550 56 1100 130
 

1976 2025 535 50 1300 140
 

1977 2055 550 45 1300 160
 

1973 2120 570 40 1300 210
 
I 79 2087 570 
 50 1300 167
 

Source: 	 Cormuted .2om: od gns:chk,ainzS.A.,Shortfalls -n 
Tanzania :9 :- :05:: A ercc:;ive ..4ssessm,, acn~omic Research 

740: P?2':2 av~ion rbooks 1972-7979, Ro'e X973-L970. 
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Table 2. Production in 1000 Tons
 

Total Grain Sorghum
 
Output and Millet Wheat Maize Rice


yf 	 yf11 yf yf 3 yf 

1961 868 325 6 448 94
 

1962 936 310 18 466 104
 

1963 1251 328 25 723 183
 

1964 976 246 27 577 120
 

1965 876 266 23 503 84
 

1966 1617 296 39 1127 140
 

1967 986 292 31 549 114
 

1968 1150 340 44 664 136
 

1969 944 236 39 525 144
 

1970 1234 368 61 637 182
 

1971 1022 245 62 530 185
 

1972 1241 367 98 984 185
 

1973 1325 161 80 800 150
 

1974 1371 314 68 758 163
 

1975 2236 172 46 941 186
 

1976 2075 490 58 897 172
 

1977 2650 366 62 968 194
 

1978 2770 748 55 1041 260
 

1979 3373 1151 65 900 200
 

Source: 	 Comr.ute rom:,.o i....a, L.A., Food Gra'n Shortfalls in 

Twnzanicz .796f-295.: Retr.speo'ie "Isses.-ient p'.A 	 .4 

2 	 ,o 770F40: ?r ..... c 	 9_, Rome :7 3-20. 

[initr o-" t...."e. -a .. ''anco wa Tatu wa 
. .~-.- .o s::a :'a matao :a chak:u.-a 2976/77-2980/81 
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Table 3. Choice Variables and Weather 

Labor (L)l * 

in 1000 


4254 


4329 


4406 


4484 


4489 


4568 


4649 


4731 


4853 


4969 


5057 


5147 


5238 


5331 


5429 


5525 


5617 


5715 


5818 


Capital (K)2 


in mil. Tsh. 


120 


189 


194 


244 


318 


293 


293 


380 


452 


479 


628 


657 


1094 


1150 


1296 


1376 


1670 


3236 


Fertilizer (F)3 


in metric tons 


2723 


2380 


3100 


3900 


7000 


8800 


8700 


9000 


11000 


15000 


17400 


16028 


19937 


31144 


29670 


31747 


37424 


44082* 


* Corrrntatiano-:..aiae data was base on co*pound :ro4ec-io 
formul.a: A = P + r)t A -- T'ecSce' o2 ya 

. :..... , , = P riod.
 

721
I/FAQ: -ioti.2 "Z2...;:" :92- 292, : :92,3-29.'o 

. ... .......... 
 ... 

a aD-a( 
 ..	 ,'
1.-.nc 09.". 

R~n 	 o .=2-2 .... " ... n ...... - ai 

Taza ~ t ;f'&fO :sa&am.Q-~ac 
""f7 IZ _o............. 


4 2980, -'.1_
, Svt a.7 
3/F.Q:2aa:La ........ z -rH 

FAQ.. 	 ae 

- 2s,93,Car 
U., 7 --. Z-. . '- 2: 

e Sa3laaIi982-2977. 

Q,n:.', c.vm'..n 

Weather (W)' 
Total rainfall
 

in mm.
 

18372
 

13530
 

17243
 

13163
 

13443
 

12444
 

15356
 

16160
 

11968
 

14495
 

12312
 

15815
 

12407
 

11717
 

11463
 

12445
 

14952
 

16376
 

c '.. r es Salaa'.7, 

::0 '2.xr ~e 3u17et: 

raaar oni "TrheNai:"obi, ":n a 

7. z7 c 
-ca;,c 7 965-22R ams2966'-,8
 

29 ,-sRo 19923,-am97 


ss SaZaa7. 
1962-S73, 3"ca: o. S-- tis s, Dar2. 
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Table 4. Relative Prices
 

Food/ Sorghum-Millet/ Wheat/ Maize/ Maize/ Rice/ Rice/
 
Cash Maize Food Food Cash Food Cotton
 

fp pfIpf3 pf 2 1 pf pf 3/pf pf 3/pc f4/pf pfipCt 

1961 --	 .97 1.33 .97 -- 1.33 .40 

1962 --	 1.13 1.24 .90 -- 1.29 .42 

1963 --	 1.23 1.41 .89 -- 1.14 .38 

1964 --	 1.36 1.68 .90 -- .97 .27 

1965 .26 1.58 1.68 .67 .21 .97 .31 

1966 .32 1.53 	 .96 .26 .25 .47 .27
 

1967 .25 1.48 1.77 .70 .21 .94 .29 

1968 .24 1.39 1.71 .68 .20 .97 .29 

1969 .21 1.36 1.69 .60 .16 1.83 .47 

1970 .42 1.69 1.06 .33 .21 1.22 .72 

1971 .26 1.70 1.60 .51 .18 1.72 .66 

1972 .24 1.15 1.84 .26 .20 1.93 .64 

1973 .20 1.67 2.59 .79 .20 1.97 .66 

1974 .28 1.10 1.79 .86 .31 1.63 .60 

1975 .20 1.07 2.13 2.50 .31 2.27 .67 

1976 .39 1.16 1.24 1.05 .32 1.15 .67 

1977 .30 1.76 1.47 1.52 .30 1.50 .69 

1978 .37 1.76 1.20 .89 .30 1.24 .67 

1979 .30 1.50 1.22 1.12 .27 1.42 .70 

Source: Bank oJ- Tanzcr-:'98 	 June 0..	 op. cit. 

U. 	--.T.: Ecci:cri2z : Z4Fzr, 1-0-71, Dar es Sa acr., 1970. 

_~ ;. ~~~~~~~ year>c: 0;zztnfrte -­

1981-32, .E "S.a-aar,oT.... 	 -. Sentember 1980. 

,;!alimaZ ,;'.o =, . ." . . T o i .ioz ,...."e2 o Ri r 
3Zt~re::U R ,, = ,, 7 -0 

C;,7a ,:z'"" " c: 72a ia ya ,Tija '!anato na 3ei, Dar es Salaa.m, 
no iear a,,, 7u: arou 7-80. 
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Appendix 2: Grain Production Per Active Labor Force in Tanzania
 
Agriculture (in tons) 

Total Grain Maize Rice Wheat Sorghum & Millet 

1961 .204 .105 .022 .001 .076 

1962 .216 .108 .024 .004 .072 

1963 .284 .164 .042 .006 .074 

1964 .218 .129 .027 .006 .055 

1965 .195 .112 .019 .005 .059 

1966 .354 .247 .031 .009 .065 

1967 .212 .118 .025 .007 .063 

1965 .243 .140 .029 .109 .072 

1969 .195 .108 .030 .008 .049 

1970 .248 .128 .037 .012 .074 

1971 .202 .105 .037 .012 .048 

1972 .241 .191 .036 .019 .071 

1973 .253 .153 .029 .015 .031 

1974 .257 .142 .031 .013 .059 

1975 .412 .173 .034 .008 .032 

1976 .376 .162 .031 .010 .089 

1977 .472 .172 .035 .011 .065 

1978 .485 .182 .045 .010 .131 

1979 .580 .155 .034 .011 .198 

Source: Cormuted from: FAO: ProducIction Yearbooks 1972-1979, Rome 1973-80. 
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Appendix 3: Trend of Grain Yields in Tanzania (Tons/Ha)
 

Total Grain Maize Rice Wheat Sorghum & Millet 

1961 0.73 0.70 1.15 0.75 0.86 

1962 0.82 0.66 1.25 1.00 0.91 

1963 0.76 0.62 1.59 1.14 0.96 

1964 0.74 0.69 1.58 1.08 0.63 

1965 0.65 0.61 1.65 1.00 0.61 

1966 0.32 0.81 1.10 1.15 0.74 

1937 0.63 0.49 1.10 1.00 0.94 

1968 0.81 0.66 1.06 1.29 1.36 

1969 0.67 0.52 1.12 1.26 1.00 

1970 0.86 0.63 1.21 1.24 1.71 

1971 0.71 0.52 1.21 1.22 1.14 

1972 0.70 0.76 1.19 1.40 1.41 

1973 1.12 1.59 1.15 1.45 0.32 

1974 1.65 1.61 1.65 2.52 1.34 

1975 1.22 0.86 1.43 0.82 0.31 
1976 1.03 0.69 1.23 1.16 0.77 

1977 1.29 0.75 1.21 1.38 0.67 

1978 1.31 0.80 1.24 1.38 1.31 

1979 1.62 0.69 1.11 1.30 2.02 

Source: Computed from: FAO: Production Yearbooks 1972-1979, Rome 1973­
1980. 


