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VII. PROCEDURES TO ESTIMATE AND PROJECT THE POPULATION OF  

URBAN AREAS AND URBAN AGGLOMERATIONS 
  

   
The estimation and projection of the urban popu-

lation is based on observed changes in the propor-
tion of the population living in urban areas. There-
fore, the quality of the estimates and projections 
made is highly dependent on the quality of the ba-
sic information permitting the calculation of the 
proportion urban. Such information consists nor-
mally of complete counts of both the total popula-
tion in a country and the total population living in 
urban areas. Censuses or population registers are 
the most common sources of those counts. To be 
accurate, the proportion urban should be based on 
counts of the total and the urban population that 
achieve similar levels of coverage and that reflect 
properly the division of the territory into urban and 
rural areas. However, because of the complexity 
and variety of situations in which the urbanization 
process has taken place, it is not always straight-
forward to divide the inhabited territory into urban 
and rural areas.  Indeed, the criteria used to iden-
tify urban areas vary from country to country and 
may not be consistent even between different data 
sources within the same country. Furthermore, as 
the process of urbanization proceeds, the number 
and extension of the areal units qualifying as urban 
generally expand, so that keeping an urban versus 
rural division of the territory constant over time 
would be misleading and would likely result in a 
major underestimation of the actual proportion of 
the population living in areas with urban character-
istics. 
 
 In preparing estimates and projections of the 
urban population, the United Nations relies on the 
data produced by national sources that reflect the 
definitions and criteria established by national au-
thorities. It has long been recognized that, given 
the variety of situations in the countries of the 
world, it is not possible or desirable to adopt uni-
form criteria to distinguish urban areas from rural 
areas (see, for instance, United Nations, 1967 and 
1969). Thus, stipulating that any areal unit with at 
least 5,000 inhabitants, for instance, is to be con-

sidered urban is not appropriate in populous coun-
tries such as China or India where rural settlements 
with none of the characteristics typical of urban 
areas often have large numbers of inhabitants. 
Clearly, national statistical offices are in the best 
position to establish the most appropriate criteria 
to characterize urban areas in their respective 
countries. 
 
 The urban and city projections presented in this 
report are based on the definitions used for statisti-
cal purposes by the countries and areas constitut-
ing the world.  Those definitions have been com-
piled and appear in chapter VIII. An analysis of 
that set of definitions indicates that 109 of the 228 
countries or areas considered use administrative 
criteria to make a distinction between urban and 
rural, 89 of which use it as the sole criterion to 
make that distinction (table 62). In 96 cases, the 
criteria used to characterize urban areas include 
population size or population density, solely in the 
case of 46 countries or in combination with other 
criteria (in 52 countries). However, the lower limit 
above which a settlement is considered urban var-
ies considerably, ranging between 200 and 50,000 
inhabitants. Economic characteristics were part of 
the criteria used to identify urban areas in 27 coun-
tries or areas, including all the successor States of 
the former Union of Soviet Socialist Republics; 
and criteria related to the functional nature of ur-
ban areas, such as the existence of paved streets, 
water-supply systems, sewerage systems or electric 
lighting, were part of the definition of urban in 24 
cases. Lastly, in another 24 cases no definition of 
“urban” was available and in a further six the en-
tire population of a country or area was considered 
to be urban. 
 

In considering the differences among countries 
regarding the definitions of urban areas, it is useful 
to focus on differences in the nomenclature used.  
As table 63 shows, 56 countries use a vari-
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TABLE 62.  DISTRIBUTION OF COUNTRIES ACCORDING TO THE CRITERIA  
USED IN DEFINING URBAN AREAS, 2001 REVISION 

     

Criterion Sole use 
Used in conjunction 
with other criteria 

Percentage 
 according to  

sole use 

Percentage according  
to use in conjunction  

with other criteria 

Administrative ......................................  89 109 39.0 47.8 
Size.......................................................  46 98 20.2 43.0 
Functional.............................................  5 24 2.2 10.5 
Economic ..............................................  0 27 0.0 11.8 
Entire population ..................................  6 6 2.6 2.6 
Economic and size.................................  23 — 10.1 — 
Functional and size ...............................  15 — 6.6 — 
Administrative and size .........................  12 — 5.3 — 
Administrative and functional ...............  4 — 1.8 — 
Administrative and economic ................  2 — 0.9 — 
Administrative, economic and size ........  2 — 0.9 — 
No definition.........................................  24 24 10.5 10.5 
Total number of countries or areas.........  228 228 100.0 — 
      

 
TABL E 63. NOMENCLATURE USED TO I DENTIFY THE PRIMARY UNITS CONSTITUTING U RBAN AREAS 

        
Number Percentage 

Nomenclature Sole use 

Use in 
 conjunction 

with other no-
menclature Sum  Sole use 

Use in  
conjunction 

with other no-
menclature Sum 

(a) Localities ...................................................  26 16 42   11.4 7.0 18.4 
(b) Minor civil divisions ..................................  19 0 19   8.3 0.0 8.3 
(c) Administrative centers................................  23 3 26   10.1 1.3 11.4 
(d) Cities, towns, villages, urban centres,  
         urban areas, agglomerations, places ........  56 2 58   24.6 0.9 25.4 
(e) Specified by name ......................................  47 5 52   20.6 2.2 22.8 

(f) Entire population ........................................  6 0 6   2.6 0.0 2.6 
(g) Nomenclature could not be ascertained.......  25 0 25   11.0 0.0 11.0 

TOTAL 202 26 228   88.6 11.4 100.0 
         

 
ety of terms, some of which are unequivocally 
linked to the concept of urban (such as “city”, 
“town”, “urban center”, “urban area” or “agglom-
eration”), but also other terms that are more am-
biguous or vague, such as “village” or “place”.  In 
a further 47 countries, urban areas are identified in 
terms of specific locations, that is, a list of specific 
cities is provided as the definition of urban areas. 
Only 26 countries use solely the term “locality” to 

identify the basic territorial units employed to iden-
tify urban areas, as suggested by international rec-
ommendations. Administrative centres is the term 
used by a further 23 countries and 19 countries 
used minor civil divisions. When countries that use 
a combination of terms are also considered, the 
number employing the term “locality” rises to 42 
and that using a list of specified names to 52. In 
sum, available definitions of urban areas suggest 
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that countries use quite different approaches in 
determining the basic territorial units amenable to 
classification as urban or rural. 
 

Despite the variety of criteria used to distinguish 
urban from rural areas and the resulting heteroge-
neity, no independent adjustment of national statis-
tics is made unless it is clear that the definitions 
used by a given country have changed over time in 
ways that lead to inconsistencies in the data. Such 
adjustments eliminate the erratic peaks and troughs 
in urban growth resulting from changes in defini-
tion. However, despite efforts to avoid inconsisten-
cies within countries, it is not always possible to 
adjust the data available in ways that ensure con-
sistency. In some cases, inconsistencies remain 
precisely because the data needed to make the nec-
essary adjustment are lacking. In cases where ad-
justment is possible, every effort is made to adjust 
earlier data so as to conform to the most recent 
definitions. Yet, in a few cases, it is necessary to 
use a definition different from all those used by a 
country in order to maximize comparability over 
time. 
 
 In the case of cities, population statistics are of-
ten reported in terms of the territory delimited by 
administrative boundaries that do not necessarily 
coincide with the extent of the urbanized territory 
as delimited by other standards. Thus, the city 
proper as defined by administrative boundaries 
may not include suburban areas where an impor-
tant proportion of the population working or study-
ing in the city lives. Furthermore, in some cases 
two or more adjacent cities may be separately ad-
ministered, although they might form jointly a sin-
gle urbanized region. Alternatively, in some cities 
administrative boundaries may cover large tracts 
of land devoted to agriculture, especially if the 
produce is intended for city consumption. Because 
of these problems it is advisable to base the meas-
urement of a city’s population on territorial 
boundaries different from those established by the 
accidents of administrative history. Two auxiliary 
concepts have been used to improve the compara-
bility of measurements of city populations across 
countries and over time, since they are not affected 
by changes in administrative boundaries. The first 
is that of urban agglomeration and it refers to the 

population contained within the contours of con-
tiguous territory inhabited at urban levels of resi-
dential density. The second is that of metropolitan 
region, which entails a more extensive definition of 
the territory of interest. Thus, a metropolitan re-
gion includes both the contiguous territory inhab-
ited at urban levels of residential density and addi-
tional surrounding areas of lower settlement 
density that are also under the direct influence of 
the city (e.g., through frequent transport, road link-
ages, commuting facilities etc.).  
 
 In compiling information on city population size, 
the Population Division has endeavoured to use 
data or estimates based on the concept of urban 
agglomeration. When those data are not available, 
population data relative to the city as defined by its 
administrative boundaries are used. It is recog-
nized, however, that when the administrative 
boundaries of cities remain fixed for long periods 
of time, they are likely to misrepresent the actual 
growth of a city in both territorial and population 
terms. Only when administrative boundaries 
change with relative frequency can one assume that 
they are reflecting the actual territorial expansion 
of the urbanized area linked to the functioning of 
the city and inhabited at urban levels of population 
density.  For a number of cities, the data available 
refer to both the city proper as defined by adminis-
trative boundaries and to its metropolitan area. In 
those instances, the data referring to the metropoli-
tan area are usually preferred because they are 
thought to approximate better the territory associ-
ated with the urban agglomeration than the data 
based on administrative boundaries. However, the 
population of the metropolitan area is also likely to 
be larger than that of the urban agglomeration as-
sociated with it, so an upward bias is thus intro-
duced. 
 
 For any given city, an effort is made to ensure 
that the time series of population estimates derived 
from national sources conforms to the same defini-
tion over time. Adjustments are made when neces-
sary to achieve internal consistency. Often, the 
changes involved demand that the criterion on 
which the population of a city is based be changed. 
That is the case when data on a city in terms of the 
urban agglomeration are available for only one or 
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two points in time and there is a longer and more 
consistent series of data on the population of the 
city proper. In those circumstances, the data on the 
city proper, based on administrative boundaries, 
are used instead of those on the urban agglomera-
tion since a sufficiently long time series based on 
the latter concept is normally not possible to recon-
struct from the data available. When such recon-
struction is possible, it is undertaken. 
 
 In the 2001 Revision, the city data for 90 of the 
228 countries or areas considered was based on the 
concept of urban agglomeration (table 64). In a 
further 9 countries, the data for the capital city was 
reported in terms of urban agglomeration, whereas 
data for other cities in the same country did not 
always conform to the definition of urban agglom-
eration. For an additional 109 countries or areas 
the city data available reflected the definition of 
city proper, and in four countries or areas different 
definitions were used for different cities. 
No information on definitions was available for 
three countries or areas. Adjustment of city data 
 

TABLE 64.  DISTRIBUTION OF COUNTRIES ACCORDING TO THE 
CRITERIA USED IN DEFINING CITY POPULATIONS 

   

Criterion Sole use 

Used in 
conjunction 
with other 

criteria 

City proper .........................................  109 121 
Urban agglomeration ..........................  90 102 
Metropolitan area ...............................  13 18 
Capital is urban agglomeration;  
other cities are city proper, urban  
agglomerations or metropolitan areas ..  1 — 
Capital is urban agglomeration; other 
cities are city proper or urban  
agglomerations ...................................  7 — 
Capital is urban agglomeration;  
other cities are city proper or  
metropolitan areas ..............................  1 — 
City proper, urban agglomeration or 
metropolitan area ................................  3 — 
City proper or urban agglomeration .....  1 — 
No definition ......................................  3 3 

Total number of countries or areas ......  228 228 
   

was carried out when information for a particular 
city has changed over time and, if at all possible, 
the urban agglomeration concept was used. How-
ever, when recent data were based on the concept 
of city proper and there was insufficient informa-
tion to adjust the data to reflect the population in 
the urban agglomeration, a time series based on the 
city proper definition was used. 
 

A. THE ESTIMATION OF URBAN INDICATORS  
OVER THE ESTIMATION PERIOD 

 
 Aside from varying in terms of underlying defini-
tions, the data available for different countries vary 
in terms of their time references. Because census 
dates are not the same for all countries, estimates 
of the proportion urban or of city populations de-
rived from census data refer to different points in 
time and are not directly comparable among coun-
tries. Nor is there consistency among countries in 
the reference dates of official estimates of urban or 
city populations. Consequently, to facilitate com-
parisons, estimates for specific points in time have 
to be made. Interpolation or extrapolation based on 
the data actually available is used to produce esti-
mates of the proportion urban or of city popula-
tions referring to 1 July of the years 1950, 1955, 
1960 etc. The most recent estimate derived in that 
way should refer to the year that is a multiple of 
five and immediately precedes the reference date of 
the most recent data available. From that point on, 
the projection procedure is used to complete the 
time series until 2030 for the proportion urban and 
until 2015 for city populations. 
 
 Given that the large majority of countries have 
data on the proportion urban referring to the 
1990s, the numbers referring to 1990 or 1995 are 
usually estimates derived by interpolation between 
observed values. Consequently, 1950-1995 is con-
sidered to be the estimation period whereas 1996-
2030 is the projection period since, for all coun-
tries or areas, the values for 2000-2030 are ob-
tained by projecting the figures relative to 1950-
1995. Clearly the more recent the latest informa-
tion on the proportion urban available for a given 
country or area, the more likely that projections 
over the short-term future may approximate true 
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trends. Among the 228 countries or areas consid-
ered in this Revision, for 205 (90 per cent) the 
most recent data available referred to 1990-2001 
and, among them, 131 (58 per cent) had data for 
1995 or later.  Only for three countries did the 
most recent data refer to periods before 1980 (table 
65). 
  
 The proportion of the population living in urban 
areas is estimated or projected, as the case may be, 
by country or area for the period 1950-2030 in 
five-year intervals. Once values of the proportion 
urban at the national level are established for the 
1950-2030 period, they are applied to the estimates 
and projections of the total national population of 
each country or area derived from World Popula-
tion Prospects: The 2000 Revision (United Na-
tions, 2001) so as to obtain the corresponding ur-
ban population for 1950 to 2030. At a later stage, 
country level estimates and projections are aggre-
gated to obtain the figures corresponding to re-
gions, major areas and the world. 

 
 Calculation of the proportion urban during the 
estimation period involves interpolation between 
recorded figures and extrapolation back to 1 July 
1950 when the earliest of recorded figures refer to 
a later date. Such interpolation or extrapolation to 
1950 is based on the urban-rural ratio (URR), 
defined as the ratio of the urban to the rural popu-
lation, that is: 
 
URR(t) = U(t)/R(t)    (1) 
 
where  U(t) and R(t) denote the urban and the rural 
populations at time t, respectively. The urban-rural 
ratio at time t is directly related to the percentage 
urban (PU(t)) since 
 
PU(t) =  URR(t)/[1+URR(t)]     (2). 
 
Letting rur(t,n) denote the growth rate of the ur-
ban-rural ratio between time t and t+n, we have 
that 
 

TABLE 65. DISTRIBUTION OF COUNTRIES OR AREAS ACCORDING 
TO MOST RECENT INFORMATION AVAILABLE 

   
Date of most recent  
information 

Number of  
countries or 

areas Percentage 

Before 1980...................  3 1.3 
1980-1984 .....................  7 3.1 
1985-1989 .....................  13 5.7 
1990-1994 .....................  74 32.5 
1995-1999 .....................  92 40.4 
2000+............................  39 17.1 

TOTAL 228 100.0 
    

rur(t,n) = ln(URR(t+n)/URR(t))/n     (3) 
 
where, substituting URR for its equivalent accord-
ing to (1),  we obtain 
 
rur(t,n) = [ln(U(t+n)/R(t+n)) – ln(U(t)/R(t))]/n = 
[ln(U(t+n)) – ln(R(t+n)) – ln(U(t)) + ln(R(t))]/n = 
 
             [ln(U(t+n)/U(t)) – ln(R(t+n)/R(t))]/n  =  
u(t,n) – r(t,n)   (4) 
 
where u(t,n) denotes the growth rate of the urban 
population between t and t+n, and r(t,n) is the 
growth rate of the rural population between the 
same time points. That is, the growth rate of the 
urban-rural ratio is equivalent to the difference 
between the growth rates of the urban and the rural 
populations. Therefore, rur(t,n) is known as the 
urban-rural growth difference and it is the basis for 
the interpolation and extrapolation of the propor-
tion urban. Thus, if T is any time point within the 
intercensal period (t, t+n), 
 
URR(T) = URR(t)exp[rur(t,n)(T-t)]       (5). 
 
The same equation can be applied to obtain ex-
trapolated values of URR when T is outside the 
intercensal period and (t,t+n) is the intercensal pe-
riod closest to it. 
 
 The use of (5) for interpolation and extrapolation 
purposes implies that rur is assumed to remain 
constant during each intercensal period and during 
the period 1950 to the reference date of the 
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second observation available. Once an estimate of 
URR(T) is available, it can be converted to PU(T) 
by using equation (2). 

 
 

B.  PROJECTION OF THE PROPORTION URBAN  
AT THE NATIONAL LEVEL 

 
 The United Nations has developed a parsimoni-
ous and fairly straightforward method for the pro-
jection of the proportion urban. The United Na-
tions projection method was first used in the 1970s 
(United Nations, 1974 and 1980) and, although it 
has undergone some revisions since then, the gen-
eral estimation approach has not changed. Basi-
cally, the method projects the most recent urban-
rural growth difference observed by assuming that 
the proportion urban follows a logistic path that 
attains a maximum growth rate when the propor-
tion urban reaches 50 per cent and whose asymp-
totic value is 100 per cent. 
  
 Normally, an extrapolation based on a simple 
logistic curve would imply that the urban-rural 
growth difference remains constant over the 
projection period. Yet empirical evidence shows 
that the urban-rural growth difference declines as 
the proportion urban increases because the pool of 
potential rural-urban migrants decreases as a frac-
tion of the urban population, while it increases as a 
fraction of the rural population. Consequently, a 
model for the evolution of the urban-rural growth 
difference was developed so that it would evolve 
over the projection period, passing from the last 
observed value to a universal norm consistent with 
general world-wide experience so far. The norm is 
expressed in terms of a hypothetical urban-rural 
growth difference, denoted by hrur, which has 
been obtained by regressing the initial observed 
percentage urban on the urban-rural growth differ-
ence for the 113 countries with more than 2 million 
inhabitants in 1995. The resulting regression equa-
tion is: 
 
hrur =  0.037623 – 0.02604PU(t0)  (6) 
 
where PU(t0) is the proportion urban at the time of 
the initial census. 
 

 Equation (6) implies that, as the initial level of 
urbanization increases, hrur decreases. When the 
initial proportion urban is zero, an urban-rural 
growth difference of 0.0376 can be expected; when 
the proportion urban is 0.5, an hrur of 0.0246 can 
be expected; and when the proportion urban is 1, 
an hrur of 0.0116 can be expected. 
 
 The projection of the proportion urban is carried 
out, based on a weighted average of the observed 
urban-rural growth difference for the most recent 
period available in a given country and the hypo-
thetical urban-rural growth difference. The weights 
are such that the earlier the projection period, the 
greater the weight given to the observed rur.  In 
this way, the empirical urban-rural growth differ-
ence for a country approaches the hypothetical 
value in a smooth way, with the country’s current 
characteristics having a lower weight and the 
world norm having a higher weight the further into 
the future one projects. 
 
 Specifically, a weight (W1) of 0.8 is assigned to 
the most recently observed rur and a weight (W2) 
of 0.2 to hrur for the first projection period. With 
each subsequent projection period, the weight for 
hrur is incremented by 0.2 until W1 becomes 0.0 
and W2 reaches 1.0; these weights are then main-
tained unchanged until 2030. The projected urban-
rural growth difference, rur*, is therefore calcu-
lated as follows: 
 
rur*  = W1rur + W2hrur   (7). 
 
Then, the urban-rural ratio can be calculated as: 
 
URR(t2) = URR(t1) exp(rur*(t2 – t1))       (8) 
 
where t1 is the last date with an estimate or a pro-
jected value of the proportion urban and t2 is the 
next projection date. Each projected value of URR 
is converted into a proportion urban PU by using 
equation (2). 
 
  In order to derive the urban population at the 
national level, the proportion urban is multiplied 
by the total population of each country, obtained 
from the independent projections published in 
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World Population Prospects: The 2000 Revision 
(United Nations, 2001). With respect to the esti-
mates and projections of the urban population at 
the regional level, the urban populations of all the 
countries in the region are added up.  Lastly, re-
gional totals are aggregated to derive the estimates 
and projections at the world level. 
 
 

C.  PAST ESTIMATES OF CITY POPULATIONS 
 
 Estimates and projections of the population of 
cities with an estimated population of 750,000 in-
habitants or more in 2000 are calculated for the 
period 1950-2015 and presented for every year 
that is a multiple of five within that period. How-
ever, in order to carry out a more comprehensive 
monitoring of population growth in cities, all those 
reaching a population of 100,000 or more within 
the 1950-2000 period are considered, provided 
data on their population size is available from a 
census or population register. Furthermore, once a 
city has reached 100,000 inhabitants, its popula-
tion size continues to be monitored even if it sub-
sequently falls below that level, provided national 
statistical sources continue to report data on its 
population. For the 2001 Revision, a total of 3,279 
cities or urban agglomerations was considered, up 
from 2,645 considered in the 1999 Revision.  Be-
cause countries take population censuses at differ-
ent times, the actual dates of observation vary from 
city to city, although they are usually identical for 
cities within a particular country. Consequently, 
just as with the estimates of the proportion urban, 
the first step in preparing estimates and projections 
of city populations consists in estimating the 
population size of all cities for the same dates in 
the past. 
 
 To estimate the population of cities on 1 July of 
the years 1950, 1955, 1960 and so on, the proce-
dure used is similar to that described above for the 
proportion urban. However, in this case instead of 
using the urban-rural growth difference, the inter-
polation or extrapolation is based on the difference 
between the growth rate of a city minus the growth 
rate of the population of the rest of the country. 
Specifically, if we consider the ratio of the city 

population at time t, C(t), to the population of the 
rest of the country, RES(t), that is 
 
CRR(t) = C(t)/RES(t)  (9) 
 
where  RES(t) = P(t) – C(t)       (10) 
 
and P(t) is the total population of the country at 
time t, then the growth rate of CRR between t and 
t+n, denoted  by rcr(t,n), is 
 
rcr(t,n) = [ln(CRR(t+n)) – ln(CRR(t))]/n       (11) 
 
which is equivalent to 
 
rcr(t,n) = c(t,n) – res(t,n)                 (12) 
 
where c(t,n) is the growth rate of the city’s popula-
tion between t and t+n, and res(t,n) is the growth 
rate of the rest of the country’s population between 
t and t+n. Then, the value of CRR for any time T 
within the period (t, t+n) is given by: 
 
CRR(T) = CRR(t)exp[rcr(t,n)(T-t)]         (13) 
 
The same equation can be applied to obtain ex-
trapolated values of CRR when T is outside the 
intercensal period (t, t+n) and that period is the 
closest to T. Then, because the proportion of the 
total population living in the city at time T, PC(T), 
is equivalent to: 
 
PC(T) = CRR(T)/[1+ CRR(T)]            (14) 
 
that proportion can be calculated for time T and 
multiplied by an independent estimate of the coun-
try’s population to obtain the population of the city 
at time T.  Such independent estimate is obtained 
from the country-level estimates published in 
World Population Prospects: The 2000 Revision 
(United Nations, 2001). 
 
 

D. THE PROJECTION OF CITY POPULATIONS 
 
 The method used for projecting city populations 
is similar to that used for urban populations.  The 
city growth rate over the most recent intercensal 
period is modified over the projection period so 
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that it approaches linearly an expected value that is 
based on the city population and on the growth rate 
of the urban population as a whole. First, if (ô, 
ô+í) is the most recent intercensal period for a 
given country or, more specifically, the period be-
tween the two most recent sets of observed city 
populations, the city-urban growth difference, de-
noted by rcu, is calculated as: 
 
rcu(ô,í) = c(ô,í) – u(ô,í)         (15) 
 
that is, it is the difference between the rate of 
population growth for the city and that for the total 
urban population. To project a city’s population it 
is necessary to establish future values of rcu using 
a model. 
 

The model used to project rcu was developed by 
regressing the observed values of rcu for the most 
recent period for which data were available for 
each city on the logarithm of the city’s population 
at the beginning of that period. The regression 
equation was fitted to the data relative to 1,982 
cities located in the 113 countries that had at least 
2 million inhabitants in 1995. Although the corre-
lation between the city-urban growth difference 
and the logarithm of the initial population size of 
each city was a low 0.0077, taking account of the 
influence of population size on city growth damp-
ens the growth of the largest cities in a manner that 
is realistic. The fitted model is the following: 
  
rcu(ô,í) = 0.017089 – 0.00144ln(C(ô))       (16) 
  
where C(ô) is the population of the city at time ô. 
That is, as the population of the city increases, rcu 
decreases. Equation (16) can be used recursively to 
calculate rcu(t,n) over the projection period.  Thus, 
if the projection period starts at time T and we de-
note by hc(T-n,n) the hypothetical growth rate of a 
city’s population over the period (T-n,T), it can be 
calculated as follows: 
 
hc(T-n,n) =  u(T-n,n) + rcu(T-n,n)  = u(T-n,n) + 
0.017089 – 0.00144ln(C(T-n))           (17). 
 
Then, for the first projection period the city growth 
rate can be set to: 
 

c(T,n) = W1c(T-n, n) + W2hc(T-n,n) (18) 
 
where W1 and W2 are weights adding to 1.  To start 
the process, W1 is set to 0.8 and W2 is set to 0.2.  
Then each is increased by 0.2 points per quinquen-
nium until W1 = 0 and W2 = 1. For each city, the 
projection procedure begins to be applied starting 
at the end of the quinquennial period that contains 
the most recent observed data on city population 
size. 
 
 Projection calculations are carried out independ-
ently for each city within a country, but a further 
adjustment sometimes has to be made once the pro-
jected populations of all cities are available. If the 
aggregated projected values of the city populations 
of a country grow more rapidly than the total ur-
ban population of the country, a further dampening 
factor is imposed on the city growth rates. When 
this situation arises, the growth rate of each city is 
reduced by the following quantity:  
 
 ä(t,n)  =  [rtc(t,n) – u(t,n)] TC(t)/U(t)     (19) 
 
where TC(t) is the aggregated population of cities 
whose populations are being projected at time t, 
U(t) is the total urban population, rtc(t,n) is the 
growth rate of the aggregated population of cities 
and u(t,n) is the growth rate of the urban popula-
tion. That is, the growth rate of the city would be 
changed to: 
 
c*(T,n) = c(T,n) - ä(T,n)  (20) 
 
This reduction assures that the total population of 
cities will not exceed the total urban population, 
while maintaining the differences in the growth 
rates among cities. 
 

Adjustments are also made to the projected 
growth rates of cities when the most recent growth 
rate observed for a city or the hypothetical growth 
rate for a city is less than or equal to zero. If the 
hypothetical growth rate for a city is less than or 
equal to 0, it is set to 0.  If the most recently ob-
served growth rate for a city is less than or equal to 
0, the city growth rate is set equal to the urban 
growth rate to start a city’s projection. In all cases, 
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however, equation (18) is used to project the city 
growth rate. 
 

________________ 
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