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Abstract 
 

In this paper, a new index for human development is established for the 
purpose of measuring and assessing development among different overrates in Egypt. 
The model uses an idea based on Cobb-Douglas production function attempting 
several combinations of elasticities of the explanatory variables involved (coupled 
with data taken from Human Development Report, Egypt 2003). The model has come 
up with the optimal combinations of elasticities. It has also been used to predict the 
2010 indices and put them in comparisons with other available indices. Our indices 
outperformed the available indices. 
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1. Introduction 

A production function describes the technical relation that transforms inputs 
(resources) into outputs (commodities). The general form of the production function 
[see for instance Bridge, J. L. (1971)] is 
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G [x1 , x2 , ..., xn , y1 , y2 ,... , ym , qL, qL,... , qL, qk, qk, …, qk]    (1.1) 

Where 

x: is output of good i, 
y: is input of good j; 
qL: is input of labor services of type r; 
q :  is input of capital services of type s: 

Land is excluded as a factor as this is usually considered constant. Equation 
(1.1) is still too general and involves too many variables for any possibility of 
estimation. The standard simplification involves the aggregation of the arguments of 
the function. A natural way to combine xi and yj is to use their prices to give 

Z = F [qL, qL ,.., qL, qk, qk, ..., qk]                      (1.2) 

Where j
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, and pio , pjo are fixed base period prices. Notice 

that z represents real income originating in the firm. The production function still 
contains too many factors for us to handle so further grouping is necessary. The type 
of production function estimated by econometricians is 

Z = f(qk , qL)                       (1.3) 

where  qk = K [qk, qk ,..., qk]                     (1.4) 

and   qL = L [qL, qL ,..., qL]                     (1.5) 

It can be shown [see, e.g., Green, 1964, p.12] that this aggregation is possible, 
i.e., f is a single valued function; if and only if the marginal rate of technical 
substitution (MRTS) between any two types of labor (capital) is independent of any 
type of capital (labor). Furthermore (Green, 1964, p. 25). If the aggregation functions 
K (qk, qk ,..., qk) & L (qL, qL ,..., qL) are homogeneous of degree one, the aggregates K 
and L can be dealt with as though they are actual individual inputs. 

 

Properties of Production Function 

Econometric theory provides some properties on the general shape of f in the 
very simple case where only one output (good) is produced by the services of one 
piece of capital and one type of labor. 

(i) The Marginal Product (MP) refers to the change in output associated with an 
incremental change in the use of an input. The MP of each input factor one 
would expect to be positive are decreasing, with 
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(ii) The Average Product (AP) is defined as the ratio of output to an input 

AP(L) = ,
Lq

z
  AP(K) = 

kq
z

                      (1.6) 

The Elasticity of Production (Output) is defined as the percentage change in output 
divided by the percentage change in an input.  

(iii) Isoquants arid the Marginal Rate of Technical Substitution For the 
production function Z = f(qL , qk), the level curve qK = h(qL) defined by the set 

{( qL, qK ) : Z  = f (qL, qK)} => qK = h(qL) 

represents the input combinations which will generate the same level of output Z = . 
The graph of this curve is called "isoquant" (where "iso" means equal) because all 
input combinations that satisfy the condition above lead to the same quantity of output 
being produced.  

 

2. The Cobb - Douglas Model 

 

The Cobb-Douglas production function was first published in the journal 
"American Economic Review" in 1928. The function proposed in the 1928 article was 

Z = f((qL , qK) = 1,0,0 <<> βαβα AqAq LK ,                     (2.1) 

where 

qK  = input of capital, 
qL  = input of labor, and 
A, α, β = technological parameters. 
The marginal product functions are 
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The Cobb-Douglas function restricts the substitution between factors such that 
the elasticity of substitution is always unity. 

 

3. Human Development through the Cobb- Douglas Function: 

In this section we make use of the Cobb-Douglas function as a basis to 
establish a new index for human development in the governess of Egypt. 

The basic idea is to write 

Y = a X1 b1 X2 b2 … Xn bn ,                                 (3.1)  
where 

Y  is the desired human development index to be built. 
X1 , ..., Xn are independent measures of development used in building Y 

b1, ..., bn are the respective elasticities of X1 , ..., Xn 

We note that the impact of X1 , ..., Xn on Y is translated through the values of 
b1, ..., bn, which have to be estimated from the available data. 

A logarithmic form of (3.1) is: 

Ln Y = Ln a + b1 Ln x1 + b2 Ln x2 + ... + bn Ln xn      (3.2) 
This form is a flexible non linear form in X1 , X2 , ... , Xn   but linear in Ln Y , Ln x1 , 
… , Ln xn . 

We note that the sum of elasticities b1 + b2 + … + bn  explains the extent to 
which Y responds to changes in X1 , ..., Xn. 

We distinguish three cases 

(i) ∑
=

n

i
ib

1
 = 1. In this case, if the all primal factors x1 , ..., xn are increased by a 

certain percentage , Y is increased by the same percentage. 

(ii) ∑
=

n

i
ib

1
 < 1. In this case, if all the primal factors are increase by Δ the 

corresponding increase in Y is less than Δ. 

(iii) ∑
=

n

i
ib

1
 > 1. In this case, if all the factors X1 , ..., Xn are increased by Δ, the 

corresponding increase in Y is greater than Δ. 
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We may also note that the amount by which ∑
=

n

i
ib

1
 is less than 1 is an 

indicator of the shortage and inability of the population to generate a monotonic 
increase in human development. 

On the other hand, the more the amount by which ∑
=

n

i
ib

1
exceeds 1, the more 

ability of the population to generate potentials of increased human development. 

 

4. Experimentation with the Proposed Model: 

In this section we accommodate the available data to the model. 

We use values for: 

X1: Life expectancy of birth. 

X2, X3: Education (based on rate of adult literacy(X2) and rate and enrollment rates in 
different educational levels(X3). 

X4: Income (based on the pre-capital income in US. dollars estimated by purchase 
power, the GDP index). 

Y: Human development index. 

 The proposed model, as shown in (5.1) below, is used in the following way.  
First , 2003 data are used to estimate the parameters of the model. This was followed 
by using the full estimated model to predict the 2010 set of indices for the 27 
governates. Finally these set of indices are compared to the analogous available 2010 
indices.  

The estimated results from the model are presented in Table 1. 

 

5. Conclusions: 

When the Cobb-Douglas Model was fitted to the data, it resulted in 

 Ln Y = -3.856 + 0.338 ln x1 +  0.262 ln  x2 + 0.096 ln x3 + 0.063 ln x4     
                                                                               (5.1) 

The elasticties b1, b2, b3, and b4 are highly significant at the 0.01 level of; 
with R2 = 0.991. 

It is clear that our evaluated indices outperform the corresponding available 
indices in the sense that: 

(i) The estimated parameters are highly significant( < 0.01) 
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(ii) The explained variation ( R2  = 0.99). 

 

 

 

Table 1: The estimated indices for year 2010 versus the indices of           

             the Institute of National Planning 

 

 

Governorates

Human development index 
2010 based on Cobb-
Douglas Model (5.1) 

Human development index 
2010 Institute of National 

Planning  

Value 
Level of 
Human 

Development O
rd

er
 

Value
Level of 
Human 

Development O
rd

er
 

Cairo 0.735 Middle 14 0.743 Middle 17 
Alex 0.753 Middle 6 0.765 Middle 6 

Port-said 0.770 Middle 2 0.783 Middle 2 
Suez 0.765 Middle 4 0.776 Middle 4 

Damietta 0.750 Middle 7 0.764 Middle 7 
Dakahlia 0.736 Middle 12 0.751 Middle 13 
Sharkia 0.722 Middle 17 0.733 Middle 19 

Kalyoubia 0.732 Middle 16 0.746 Middle 15 
Kafr El-
Sheikh 

0.716 Middle 19 0.731 
Middle 

21 

Gharbia 0.741 Middle 10 0.754 Middle 10 
Menoufia 0.739 Middle 11 0.753 Middle 11 

Behera 0.714 Middle 20 0.733 Middle 20 
Ismailia 0.747 Middle 8 0.758 Middle 8 

Giza 0.746 Middle 9 0.752 Middle 12 
Beni-Suef 0.696 Middle 22 0.717 Middle 22 
Fayoum 0.683 Middle 27 0.699 Middle 27 
Menia 0.685 Middle 26 0.702 Middle 26 

Assyout 0.693 Middle 25 0.710 Middle 25 
Suhag 0.695 Middle 23 0.711 Middle 23 
Quena 0.699 Middle 21 0.711 Middle 24 
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Table 1: The estimated indices for year 2010 versus the indices of           

             the Institute of National Planning (Continued) 

 

 

Luxor 0.736 Middle 13 0.748 Middle 14 
Aswan 0.735 Middle 15 0.745 Middle 16 

Red Sea 0.764 Middle 5 0.773 Middle 5 
New Valley 0.781 Middle 1 0.794 Middle 1 

Matrouh  0.717 Middle 18 0.734 Middle 18 
North Sinai 0.694 Middle 24 0.757 Middle 9 
South Sinai 0.767 Middle 3 0.778 Middle 3 

 

 

 

 

Notes: Scale level of Human Development. 
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