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Abstract

Introduction: Urbanization and the continued growth of cities, both demographically
and spatially, are topics of research studied across a range of disciplines in the urban
millennium — a time in history when the majority of people live in cities. However,
scholarly research has focused little attention on secondary cities, despite being the
most rapidly growing cities in many low-and middle-income countries. Secondary
cities, defined by their function rather than population size, are vital nodes for regional
commerce and services. As these cities have historically been understudied, they lack
geospatial data and the associated analyses important for local planners to understand
how to meet current needs and plan for future growth. With this research, openly
available geospatial data are evaluated, including both global (i.e., population
distribution), local (i.e., municipal data), and data for four service categories (i.e.,
education, social, health, and food services). This research presents techniques to
provide baseline understanding of data needs and accessibility of services in secondary
cities with limited geospatial data and expertise.

Case description: We examine two secondary cities, Pokhara, Nepal, and Douala,
Cameroon. These cities are experiencing unplanned growth, development, and
exposure to conditions that contribute to intra-urban inequalities. This research takes a
spatial approach—coupling locally-created data sources (i.e., municipality data, field-
collected, and non-governmental organizations’ data) with global databases (i.e., world
population and satellite images) to demonstrate how spatial data can be integrated
and analyzed to enrich our limited understanding of secondary cities and the needs of
resident populations. Four categories of services are evaluated and the distance to
services from populated areas is calculated.

Discussion and evaluation: This research suggests that the distribution of services in
both cities does not align with high-need, densely populated areas for certain services,
a result of unplanned urban growth. Conversely, populations in areas far from the city
center must travel relatively far distances to reach services, indicating lower levels of
accessibility.

Conclusion: The results of this research serve to identify mapping needs and service
accessibility. Projects focusing on geospatial data creation provide information needed
for local populations to assess their community and the network of services offered.
Additionally, local-decision makers can seek policy options to address unmet needs for
community improvements and inequality reduction.
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Introduction
Rapidly expanding in population and urban extent, secondary cities are centers of com-

merce, local governance, and social services (Marais et al. 2016, Roberts 2014, Rondi-

nelli 1986). The total population size of secondary cities is not strictly defined, but in

general they contain between 300,000 people (i.e., small city) to 1 million people (i.e.,

medium city) and are experiencing rapid population growth (Roberts 2014). Although

they receive less attention than the 31 megacities around the world, 44% of the world’s

population live in small-to medium-sized cities whereas only 11% live in megacities

(United Nations Department of Economic and Social Affairs 2016). While defined

mainly by their function in a region, secondary cities often contain between 10 and

50% of the nation’s largest city in either population or economy size (Roberts 2014;

Marais et al. 2016). Secondary cities exist throughout the world but some of the fastest

growing secondary cities are in low-and middle-income countries (Roberts 2014;

United Nations Department of Economic and Social Affairs 2016). These cities are

unique environments but due to rapid population growth, under development, and lack

of local mapping and expertise in geospatial analyses, they have been poorly mapped

and have limited information on population dynamics, infrastructure, and land tenure

(Roberts 2014, Marais et al. 2016, McEvoy et al. 2014, Otiso 2005).

Geospatial data and analysis provide the foundation for long-term planning efforts to

address citizen needs and access to basic resources (Yeh 1999). The complex and inter-

acting nature of population growth, city expansion, access to city services, and

decision-making practices make geospatial data and science-based planning vital for

planned, sustainable growth (Mosha 1995). The Secondary Cities Initiative (2C) assists

local partners in generating geospatial data, while also collecting existing global datasets

and previously unavailable local administrative data (Laituri and Sternlieb 2016a). The

2C Initiative is a collaborative effort between the US Department of State Office of the

Geographer, the American Association of Geographers, and Colorado State University.

The 2C Initiative facilitates the generation of human geography data such as schools,

health facilities, water access locations, and social services. Attributes of these data are

collected providing description of the functions of city services. The development of a

nascent global network of 2C partners facilitates the creation of new datasets and ac-

cess to data previously not available. 2C data are housed on an open geodatabase plat-

form, the 2C GeoNode, establishing a comprehensive dataset openly available for all

city projects (Laituri and Sternlieb 2016b). One valuable lesson from informative service

datasets is in understanding community needs for emergency preparedness and human

security. An example is the mapping of recycling services throughout the city of Denpa-

sar, Indonesia, where local communities recycle trash for a profit in neighborhood

"trash banks" to fund improvement projects.

Secondary cities are often defined by their size, service, and function and provide

services to the immediate region to improve quality of life (van der Merwe 2016). Ser-

vices are generally concentrated in the inner city (within the administrative municipal

boundary) but expansion of these urban areas into rural regions results in people res-

iding within peri-urban extents (i.e., the urban periphery creating a transition zone to

rural environments) (Allard 2004, Karg et al. 2019). If the addition of services does

not align with built-up growth in the peri-urban extent, people in these areas may

travel relatively far distances to access services. Identifying areas in and outside of the
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city with the most need for services can help better prepare for future growth (Allard

2004). Governments are responsible for providing services for their populations (i.e.,

through tax collection and central government funding). Peri-urban areas are often

beyond the municipal boundary of cities and must rely on other entities to provide

services, such as non-governmental organizations or other regional government

agencies.

Spatial analyses of secondary cities are limited by the lack of geospatial data in these

areas. Relatively simple analyses based on currently available geospatial data is the first

step towards creating a baseline spatial description of secondary cities. One way to

identify areas in need of additional services (as defined by the demand for a service

based on population) is by examining the distance one must travel to reach needed ser-

vices, demonstrating the spatial service accessibility (World Health Organization 2019).

Research indicates that farther distances to services can be associated with a reduced

quality of life (Wang 2018, Alvarez and Müller-Eie 2017, Manomano and Kang’ethe

2015). In the medical field, this is known as a “distance-decay association” which recog-

nizes negative health outcomes the farther one resides away from health services (Fren-

kel and Israel 2018, Alvarez and Müller-Eie 2017). While this trend is not universally

observed, the extent of this relationship has shown to be exacerbated by reduced access

to transportation services (Kelly et al. 2016). People in secondary cities often walk as

their primary mode of transportation, especially in low-and medium-development con-

texts, lending support to the existence of a distance-decay association regarding service

accessibility in these cities (Olvera et al. 2015).

The distance to social, educational, and food services, while not as extensively studied

as health services, can have a similar effect and disproportionately reduce the quality of

life of those who reside relatively far from services (Allard 2004; Alvarez and Müller-

Eie 2017; Stock 1983; Manomano and Kang’ethe 2015). For example, students who live

within walking distance from school are more likely to attend than those that live far-

ther away (Filmer 2007). Since physical activity has been shown to increase academic

achievement, living closer to schools can provide additional educational outcomes

along with increased accessibility (Taras 2005). Other studies have shown that access to

social resources can reduce the crime rate and increase community health and well-

being (Kawachi et al. 1999, Manomano and Kang’ethe 2015, Blanford et al. 2012). Ac-

cessibility of services and the constraints one must overcome to utilize these resources,

whether that be distance, transportation, or cost, can influence overall community well-

being (Alvarez and Müller-Eie 2017; Stock 1983; Blanford et al. 2012). Providing base-

line mapping of where services do not exist can assist city planners in identifying where

to target resources in the future.

Case description
This research focuses on two Secondary Cities within the 2C Initiative: Pokhara, Nepal,

and Douala, Cameroon. Due to the diversity of cities within the 2C Initiative, city part-

ners collect data most relevant to their project as identified during a scoping assess-

ment of data and city issues. The types of data collected are not uniform across 2C

cities. Through preliminary evaluation of the types of data available for each of the 2C

cities, Pokhara and Douala are shown to have the most comprehensive datasets avail-

able for a variety of similar service categories, allowing for cross-city comparison. The
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distribution and accessibility of services are evaluated in four service categories: health,

social, educational, and food services. Attributes are not uniform across service categor-

ies, eliminating the ability to uniformly analyze attributes regarding the availability of

services (i.e., service characteristics that include the ability to meet demand, and under-

stand the characteristics of populations who utilize services) and the quality of services

(i.e., how does the service meet a societal need of an individual). Point locations of dif-

ferent services allow for an assessment of the overall spatial accessibility of services (i.e.,

the distribution of services throughout an area) (World Health Organization 2019).

This research hypothesizes that there is a geographic correlation between densely

populated areas and services in Pokhara and Douala, which demonstrates an ideal

urban layout to meet the need of the most people in an area (Jackson 2003). A linear

regression model utilizing the ordinary least squares tool in Esri ArcGIS Desktop 10.6

is conducted to evaluate whether densely populated areas correlate with relatively close

distances to services, demonstrating alignment between need and service accessibility.

To provide a basic assessment of the demand for each service, service areas are cre-

ated using the Thiessen polygon tool, which divides the area of interest into polygons

where each polygon contains all areas closest to a particular service. Service areas

within a category allows for examination of the relationship between the population

that relies on a service and the distance they must travel to reach each service.

Large service areas containing sizeable populations with residents that must travel far

distances to reach the local service are considered to have low accessibility of services.

In addition to addressing need in densely populated areas, considering more remote

and less densely populated areas within the peri-urban extent is also required to create

equitable access to services and for future planning (Norström 2007; Karg et al. 2019).

Many secondary cities have high rates of population growth that drive spatial expansion

through territory annexation or settlement in adjacent, unoccupied peri-urban areas

(Rusk 2006). As a part of the United Nations Sustainable Development Goal (SDG) 11,

Sustainable Cities and Communities, an indicator was developed to access whether cit-

ies are consuming land (as determined by the amount of built-up area in a city) at a

faster rate than population growth (SDGI 11.3.1). By calculating SDGI 11.3.1, secondary

cities have been shown to experience more rapid spatial growth compared to popula-

tion growth, particularly in the peri-urban extent, suggesting unsustainable develop-

ment (Davis et al. 2019). For example, land consumption grew at a rate of at least 1.5

times the rate of population growth over 40 years in Denpasar, Indonesia, and Mekelle,

Ethiopia, two cities in the 2C Initiative (Davis et al. 2019). The study area for this re-

search explicitly focuses on the larger urban extent of the city, including the peri-urban

areas, as representing the urban limit rather than the municipal boundaries (Norström

2007, Fonjong and Fokum 2017). Due to the variety of spatial layout, morphology,

settlement, and needs of secondary cities, we consulted with local partners to define

city extents.

Douala, Cameroon

Douala is the economic hub of Cameroon and the most populous city in the country

(2.7 million) (African Development Bank 2015, Douala Urban Council 2011). It is lo-

cated on the coast and contains intercoastal islands (Bele et al. 2011, Youssoufa et al.
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2011). The Wouri River forms a large estuary that divides the city (Bele et al. 2011,

Youssoufa et al. 2011). Douala has grown rapidly since World War II and is one of the

major industrial centers in central Africa (Douala Urban Council 2011). Douala’s role

as an economic hub is due to the location of Cameroon’s major port (World Bank

2015). Between 1987 and 2012 the annual growth rate in Douala was 6.3% and the

population tripled between 2005 and 2017 (Mbonglou 2017; Douala Urban Council

2011). The United Nations projects the population will reach 4.774 million by 2030

while local experts expect Douala to grow to 5 million people by 2025 (United Nations

Department of Economic and Social Affairs 2016, UN-DESA 2018). This rapid growth

has put a strain on the weak infrastructure in Douala (Olvera et al. 2015).

Douala mirrors the general national characteristics of Cameroon that include infra-

structure deficits, food insecurity, poor transportation, under-resourced education, and

shortages of basic social and health services (World Justice Project 2013, Gorelick 2018,

The World Bank 2018, Overseas Security Advisory Council 2019). Walking is the pri-

mary mode of transportation in the city, with those from lower socioeconomic status

experiencing longer travel times and reduced number of trips (Olvera et al. 2015). One

bridge connects the two sides of Douala across the Wouri River, which creates grid lock

and dangerous conditions, especially for those walking (Olvera et al. 2015). High levels

of maternal death (0.6%) and child mortality (3.1%) exist and HIV prevalence is higher

than 10% across Cameroon (UNICEF 2018; International Planned Parenthood Feder-

ation 2019). There are significant inequalities in access to food, with 16% of households

reporting food insecurity throughout Cameroon (World Food Programme 2017).

Douala is considered to have marginally better access to services compared to

northern Cameroon. Douala’s port provides essential goods and other commodities.

Due to a lack of investment in upgrading the port, there can be long delays for de-

livery of goods causing an increase in food prices (Tchouawou 2015). The govern-

ance of Cameroon is highly centralized making it difficult for municipalities such

as Douala to acquire localized municipal bonds to improve access to services and

infrastructure (Gorelick 2018).

Pokhara, Nepal

Pokhara is located in the western region of Nepal and is the second most populated city

in the country. The city is the Western Development Regional capital, one of seven

new provincial capitals of Nepal (Aksha et al. 2019). Generally, information regarding

services focus on Nepal rather than Pokhara specifically.

Nepal is one of the poorest countries in the world with inadequate infrastructure, fa-

cilities, and services (Poudel 2008; Rimal 2015). 45% of the population fall below the

poverty line (Parker 2013, The World Bank 2019). Nepalis experience food and eco-

nomic insecurity, and low incomes (Rimal 2015; The World Bank 2019; Poudel 2008).

The global hunger index rose from moderate to seriously insecure from 2009 to 2019

and 1/3 of the population spends over 75% of their income on food (Pandey and Bards-

ley 2018, The World Bank 2019). 60% of the population lacks access to basic health ser-

vices (Mahato and Paudel 2015). The current state of education in Nepal is reportedly

poor with literacy rates at 52%, 18% of primary age children not attending school, and

overcrowded classrooms (World Bank 2014, Parker 2013). Poor teacher quality exists
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with only 1/3 having received training. In addition, there are gender, caste, and regional

disparities in access to education services (World Bank 2014, Parker 2013).

Nepal’s problems are reflected to a lesser degree in Pokhara (Parker 2013). There are

high rates of rural to urban migration and the population growth rate is 6.95% annually

(Central Bureau of Statistics 2011). This population increase places additional pressure

on the existing infrastructure (Central Bureau of Statistics 2011; Poudel 2008; Rimal

2015). The United Nations projects that the population will grow to 511,000 by 2025

(UN-DESA 2018). Due to its susceptibility to natural disasters and high population

density, Western Nepal is considered one of the most disaster-prone regions in the

world (Pokharel and Khanal 2018, Rimal et al. 2015). Informal settlements are found in

hazardous areas such as the flood zone (Kaphle 2001). A study on the utilization of ter-

tiary hospitals in Pokhara reveal that there are insufficient numbers of beds with high

bed occupancy rates (over 70%) (Mahato and Paudel 2015). People closest to these hos-

pitals (generally found in more affluent neighborhoods) utilize the services more readily

than those far away, implying a distance-decay association that infers a socioeconomic

relationship to healthcare access (Mahato and Paudel 2015) (Fig. 1).

Data

Data were collected from the 2C GeoNode and OpenStreetMap (OSM). A comparison

of data for each city found that social, health, educational, and food service data were

available. To understand the extent of service accessibility in each city, service types

were divided into four service categories (Table 1). The relevant 2C GeoNode and

OSM data were combined, ensuring no repeat locations were included. Locally gener-

ated data, posted on the 2C GeoNode, possess a wealth of attributes describing specifics

such as the service capacity and emergency preparation characteristics (i.e., access to

water and backup generators). In this analysis, we combined 2C GeoNode and OSM

data to increase the number of observations and assess overall spatial distribution of

services. However, we were unable to address questions regarding service quality or

capacity when data sources were combined as OSM data have fewer attributes. In

addition, the underlying data structure of OSM attributes are not compatible with the

data attribute format of the 2C GeoNode. WorldPop demographic data was utilized to

understand the distribution of population density within each city (WorldPop 2015).

Modeled and openly available administrative areas generated for the Global Adminis-

trative Areas Database (GADM) were downloaded for Douala and Pokhara through the

DIVA-GIS platform (University of Berkeley, Museum of Vertebrate Zoology and the

International Rice Research Institute 2012, Hijmans et al. 2001, University of Waterloo

Geospatial Centre 2012).

Methods
City and peri-urban extent

The smallest administrative unit from the GADM administrative boundaries was used

to define the 2C area of interest in this analysis. These city administrative boundaries

were buffered to include the peri-urban extent. The GADM administrative boundary

for Pokhara was smaller than the city extent so a buffer of 10 km was added to include
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the peri-urban area. For Douala, the GADM administrative boundary corresponded

with the city extent; a 2 km buffer was added to include the peri-urban extent.

Distance to services

People rarely travel as the crow flies (also known as Euclidean distance or geodesic dis-

tance). Roads are paths that make travel more efficient when utilizing a car or bike as

compared to walking (Winters et al. 2010, Nesbitt et al. 2014). OSM road data were

combined with 2C GeoNode road data for both Douala and Pokhara to apply a

Table 1 Data sources and service categories used in the study. Overlapping features representing
the same location were eliminated. Two thousand one hundred fifty-six service features were
included in the Pokhara case study, with 29% from the 2C GeoNode. Nine hundred ninety-four
service features were included in the Douala case study, with 52% of features from the 2C
GeoNode. “n/a” means there is no data available from a particular data source

Service
type
category

Services within each category City Number of
available points
from a
database

Total
data
points

2C
GeoNode

OSM

Social Police Stations, Public Safety Assets, Embassies, Courthouse,
Social and Recreational Facilities, Parks, Monuments, Fountains,
Non-Governmental Organizations, Government Organizations,
Post Offices, Fire Stations, Libraries

Pokhara 237 173 410

Douala 11 n/a 11

Health Hospitals, Pharmacies, Health Posts, Dentists, Clinics Pokhara 303 219 522

Douala 120 149 269

Education Schools (Any Level), Daycare Pokhara 80 64 104

Douala 383 241 624

Food Shopping Areas, Market Places, Supermarkets, Bakeries Pokhara n/a 1120 1120

Douala 5 85 90

Fig. 1 Location map for Douala, Cameroon, and Pokhara, Nepal
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weighted cost distance model to calculate distance to services. However, these data layers

had a variety of problems (i.e., incomplete road network, areas with no roads due to wa-

terways). Similar observations were made when analyzing OSM road data for areas out-

side of urban centers (Quinn 2017). While a network analysis approach or a weighted

cost distance model produces more accurate results for distance to services in high-

income countries, studies in low-and middle-income countries show that using the Eu-

clidean distance to services produce very similar results compared to other methods (Nes-

bitt et al. 2014). Due to these data limitations, the Euclidean tool in Esri ArcGIS 10.6 was

selected as a proxy to provide a basic understanding of distance away from services (Nes-

bitt et al. 2014, Brabyn and Skelly 2002). This tool produces a raster layer that assigns the

distance to the nearest point for each pixel, the distance of each pixel to a point is calcu-

lated “as the crow flies”. The Euclidean tool utilizes the Pythagorean theorem to calculate

distance away from a point. A resolution of 162 m2 for Pokhara and 305 m2 for Douala is

used so that each raster contains roughly 65,000 pixels for each city.

The population density for a particular pixel was related to the Euclidean distance to

travel to reach the nearest services in each category. To categorize these distances, a

benchmark was established based on the longest distance to reach the nearest service

out of any category and divided into thirds to create near, medium, and far distance

ranges away from services (Table 2). Ordinary least squares (a linear regression model

tool in Esri ArcGIS Desktop 10.6) was used to determine if the distance to services sig-

nificantly correlate with population density (Fig. 2) (Francesca et al. 2018). All variables

in the multiple linear regression model are continuous.

This linear regression model tests the following equation:

Population Density ¼ Distance to Health Services
þ Distance to Social Services
þ Distance to Food Services
þ Distance to Educational Services: ð1Þ

The null hypothesis was rejected if the full linear model results in a p value of < 0.05,

suggesting the distance to services is correlated with population density. The null hy-

pothesis is rejected if a p value of < 0.05 is observed for each explanatory variable, sug-

gesting the distances to a particular service is correlated with population density.

Service area

The Thiessen polygon tool (Esri ArcGIS 10.6) was used to geographically divide the

city’s features into “service areas” for each category (Fig. 2) (Brabyn and Skelly 2002;

Twigg 1990). Because all locations in a Thiessen polygon are closest to a service point,

they can be used to measure the distance to and the number of people dependent upon

an individual service (Park 2012, Radke and Mu 2000, Gething et al. 2004). Three char-

acteristics for each service area including total population, average Euclidean distance

Table 2 Classification of Euclidean distance to services. Ranges can only be compared between
services within the specific city

City Near range (km) Medium range (km) Far range (km)

Douala, Cameroon 0–15.2 15.21–30.3 30.31–45.5

Pokhara, Nepal 0–5.6 5.61–11.3 11.31–16.9
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to the nearest service, and polygon area are calculated (Francesca et al. 2018). To de-

cide which values delineate identified areas potentially lacking services, the maximum

value obtained for a service area characteristic within a category was selected and di-

vided into ranges of thirds, creating low, medium, and high ranges. Service areas that

fell within the medium and high ranges for all three service area characteristics were

deemed as identified areas lacking services (or availability of geospatial data). The ser-

vice areas within a category were intersected to find areas that had overall inadequate

access to all services examined (Fig. 2).

Results
When including peri-urban areas, the total area of the cities double in size. Without in-

cluding surface water, the total area of Douala is 2173 km2 inclusive of the peri-urban

extent. The city municipal boundary encompasses 43% of the 2C area of interest (Fig. 3).

The majority of the 2 million inhabitants reside within the municipal boundary (92%).

Similarly, Pokhara’s city boundary encompass 48% of the 2C area of interest including

the city and peri-urban area. 82% of inhabitants live within the municipal boundary in

Pokhara. Overall, the city extent for Douala has 2.4 times the land area and 4.2 times

the population of Pokhara.

Euclidean distance

The Euclidean distance to services reveals that the farthest distance of a populated area

to the nearest service is within the food service category and is 16.9 km for Pokhara

and 45.5 km for Douala (Table 2).

Across all service categories, Douala contains the largest range of distances to ser-

vices compared to Pokhara (Fig. 4). In Douala, the highest percentage of population is

found at 305 m to the nearest educational service (29% of the population), 305 m to the

nearest food service (12% of the population), 305 m to the nearest health service (16%

of the population), and 1524m to the nearest social service (4% of the population).

Comparing across services in Douala, higher percentages of people live near educa-

tional, food, and health services compared to social services. In Pokhara, the highest

percentage of the population is found at 362 m to the nearest educational service (6%

of the population), 162 m to the nearest food service (21% of the population), 162 m to

Fig. 2 Methodology sequence followed to answer key questions (in grey)
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the nearest health service (17% of the population), and 162m to the nearest social ser-

vice (17%). For Pokhara, higher percentages of people live near food, health, and social

services compared to education services (Fig. 4). While the overall range of distances to

education services is shorter compared to other services, the highest percentage of the

population from educational services is lower than for other services (Fig. 4). (Under-

standing what type of educational service is required to meet different age cohorts is an

important aspect not evaluated in this study but is addressed in the Discussion and

evaluation section.) Coincidentally, there is a lower number of education service fea-

tures included in this study for Pokhara and a lower number of social service features

for Douala compared to other services within the two study areas (Table 1).

Categorizing the population into ranges of distance to services shows the majority of

people for both cities live relatively near to the four service categories (Fig. 5). Educa-

tion services in Pokhara is the only category that has no individuals living in the range

farthest to services.

Correlation of population density and distance to services

There is significant correlation between the distance to services and population density

for both Douala (adjusted R2 = 0.105, Joint Wald Statistic p value < 1 × 10− 6) and
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Fig. 3 General statistics for Douala and Pokhara. This graph depicts the area within the municipal boundary
versus the 2C area of interest. Population totals within those two extents are shown
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Pokhara (adjusted R2 = 0.118, Joint Wald Statistic p value < 2.2 × 10− 16) but the direc-

tion of the correlation is variable depending on the particular service category (Table 3).

For Douala, shorter distances to food and social services significantly correlates with

higher population densities but farther distances to educational and health services sig-

nificantly correlates with higher population densities (Table 3). For Pokhara, shorter

distances to educational, health, and food services significantly correlates with larger

population densities; farther distances to social services significantly correlates to higher

population densities (Table 3).

Service areas and areas potentially lacking accessibility to services

In Douala, the largest service area total identified as lacking service accessibility is in

the food service category, which corresponds with the largest number of individuals in

these areas (Table 4, Fig. 5). The smallest service area total identified as lacking service

accessibility is the educational service category, which corresponds to the smallest

number of individuals in these areas (Table 4, Fig. 5). There are no identified areas

lacking services that intersect across all four service categories in Douala (Table 4).

Across categories, the largest area contained within the Douala municipal boundary

that are identified as lacking service accessibility is in food services, followed by the

health services, social services, and educational services (Fig. 6).

In Pokhara, the largest total area identified as lacking service accessibility is in health

services and the lowest total area is in social services (Table 4, Fig. 7). There is not a

large difference in the total area identified as lacking services between categories for

Pokhara (Table 4). The largest number of individuals in areas identified as lacking

Education Food Health Social

D
ouala

P
okhara

0 10 20 30 40 0 10 20 30 40 0 10 20 30 40 0 10 20 30 40

0

10

20

30

0

5

10

15

20

Euclidean Distance from Populated Areas to the Nearest Services (km)

P
er

ce
nt

ag
e 

of
 T

ot
al

 P
op

ul
at

io
n

Fig. 4 The percent of people living at various distances from services
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services is in health services and the smallest is in food services (Table 4, Fig. 7). Across

service categories, the largest area contained within the Pokhara municipal boundary

that is identified as lacking service accessibility is in health services, followed by educa-

tional services, food services, and social services (Table 4). An intersection of area that

is identified as lacking services across all categories results in the identification of 94

km2 in the southwest portion of Pokhara. Twenty-three thousand eighty-five people

reside within this area, encompassing 4.4% of the total population (Table 4, Fig. 8).
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Fig. 5 Population within distance ranges for Douala and Pokhara. The numbers above the bars are the
percentage of the population falling within a certain distance range. The range criteria can be found
in Table 2

Table 3 Multiple linear regression results. Negative coefficients are interpreted as relatively shorter
distances to a service correlating with higher density populations

City Explanatory variable Coefficient Standard deviation from the mean Probability

Douala Intercept 72.40 0.4828 < 2 × 10− 16

Distance to Social Service (m) −4.725 × 10− 3 5.967 × 10− 5 < 2 × 10− 16

Distance to Health Service (m) 1.436 × 10− 3 1.256 × 10− 4 < 2 × 10− 16

Distance to Education Service (m) 7.829 × 10− 3 1.173 × 10− 4 < 2 × 10− 16

Distance to Food Service (m) −5.829 × 10− 3 7.574 × 10− 5 < 2 × 10− 16

Pokhara Intercept 9.974 5.405 × 10− 2 < 2 × 10− 16

Distance to Social Service (m) 7.348 × 10− 5 2.199 × 10− 5 8.34 × 10− 4

Distance to Health Service (m) − 4.663 × 10− 4 2.236 × 10− 5 < 2 × 10− 16

Distance to Education Service (m) −1.195 × 10− 3 1.975 × 10− 5 < 2 × 10− 16

Distance to Food Service (m) −1.843 × 10− 4 1.917 × 10− 5 < 2 × 10− 16
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Discussion and evaluation
The distance to services explain some of the population density variance within each

city (< 12% adjusted R2), although the correlation is highly significant. This is not sur-

prising as many other factors contribute to why people live where they do (i.e., environ-

mental factors, kinship networks, and cost) (Thomas et al. 2015). The direction of this

relationship where some service categories correlate with longer distances to densely

populated areas, indicates a mismatch of service locations and need (Kelly et al. 2016,

Guan et al. 2018, Blanford et al. 2012).

Douala

Shorter distances to educational and health services in Douala do not correlate with

higher population densities. This suggests that these services are not as difficult for people

to access in sparsely populated, rural areas compared to other services. This may be bene-

ficial considering that the majority of lower socioeconomic status residents of Douala walk

to reach a destination and take on average one trip a day (Olvera et al. 2015).

Education services have the smallest total area identified as potentially lacking service

accessibility. The educational services are more evenly spatially distributed throughout

the populated areas, allowing for shorter distances to this service, but providing less ac-

cessibility to more densely populated areas. Densely populated areas may have unmet

educational needs because these services are not clustered. With overcrowded class-

rooms in Cameroon, these results suggest that educational services in the historical

center of the city might be suffering from large classroom sizes (Hali Access Network

2016). We suggest conducting an evaluation on student accessibility to schools inclu-

sive of classroom size, number of teachers, and type of facilities.

There are large areas lacking accessibility to food and health services within both the

2C area of interest and the municipal boundary. Food and health services are not well

distributed within the more densely populated areas. Food services are clustered in the

northern portion of the municipal boundary, suggesting that data collection for this

service may be incomplete throughout the rest of the city. In consultation with 2C

Douala partners, the lack of geospatial data for informal food services and social ser-

vices is acknowledged where informal food establishments are one of the main ways to

procure food. Increasing data collection for social services and food services is needed

for future research.

Table 4 Areas identified as potentially lacking service accessibility (Refer to Figs. 6, 7 and 8)

City Service
category

Identified area
potentially lacking
services (km2)

Population in identified
area (percent of total
population)

Intersecting areas lacking service
accessibility in all four service
categories (km2)

Douala Education 358 123,185 (5.54) 0

Food 1089 1,022,803 (46.0)

Health 942 432,307 (19.4)

Social 559 838,405 (37.7)

Pokhara Education 293 62,986 (12.1) 94

Food 237 38,800 (7.48)

Health 393 87,261 (16.8)

Social 218 52,874 (10.2)
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No areas are identified that lack all four services in Douala. However, 2C Douala

partners confirm there is a wide disparity in the accessibility of services in the southern

region of Douala compared to the north. The mangrove area in the southern region of

Douala district IV is inhabited mainly by older mangrove loggers (Chretien et al. 2009,

Fonteh et al. 2016). Additional resources and services are needed in this area, but these

are areas of high risk due to extreme weather events and sea-level rise (Youssoufa et al.

2011, Yengoh et al. 2017). A study by Fonteh et al. (2016) found that residents of these

areas are less informed about the projected impacts from climate change (i.e., sea level

rise) than individuals who live in the city center (Youssoufa et al. 2011). Rather than

adding services, an examination of the costs and benefits of mitigation options, such as

retrofitting housing, or relocation should be undertaken.

Pokhara

Health, food, and education services correlate with higher population densities, suggest-

ing that these services are meeting need in areas of high density. Social services do not

correlate with more densely populated areas. A closer evaluation of social services

would elucidate whether services can be added to meet need in high density areas.

Overall, relatively few educational services are accessible (or mapped) in Pokhara. Edu-

cational services are one of the largest total areas lacking service accessibility (third lar-

gest out of the four service categories). With the many education-related issues that

exist in Nepal (i.e., access to schools, gender disparities), the results of this case study

affirm accessibility issues in Pokhara (Dilas et al. 2018, Parker 2013, Adhikary 2005,

The World Bank 2019).

Fig. 6 Total population within each service area in Douala. Darker colors depict a higher total population in
each service area. Dashed outlines depict areas identified as potentially lacking service accessibility
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Intersection of areas that potentially lack service accessibility across categories

are identified in the southwestern areas of Pokhara, suggesting these areas are the

most vulnerable. Targeting these areas to improve access to services address the

spatial disparity of services and would improve the quality of life for the most vul-

nerable (Alvarez and Müller-Eie 2017). Health and education categories have the

first and second largest areas identified as lacking services, both within the 2C area

of interest and the municipal boundary, and these areas represent the first and sec-

ond largest proportion of the total population out of all categories, respectively.

While it may be easier to secure funding for additional services within the city, tar-

geting service areas that fall outside the city boundary and in the peri-urban extent

may help plan for future growth.

Both Pokhara and Douala experience flooding, a common occurrence in the majority of

2C cities (Yengoh et al. 2017, Kaphle 2001; Laituri, pers.com.). Understanding where haz-

ards occur identifies where vulnerable populations are located and helps pinpoint where

and how resources should be allocated during hazard events. Analyses are needed to de-

termine how and where to relocate individuals away from hazardous areas to areas with

more service accessibility (Cernea 2000). The Secondary Cities Initiative maps and studies

potential hazards and is the focus of upcoming analyses.

The methods used for this analysis are dependent upon a few assumptions and the

results of this research should be interpreted with this understanding. Grouping all ser-

vices into categories resulted in a larger, more comprehensive dataset that demon-

strates the types of general services that are lacking and allows for comparison across

services. However, the research does not weigh the individual impact of each service by

Fig. 7 Total population within each service area in Pokhara. Darker colors depict a higher total population
in each service area. Dashed outlines depict areas identified as potentially lacking service accessibility
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population demographics (Stock 1983). For example, the accessibility of a library might

impact the community differently than living near a post office or police station. Simi-

larly, living near a high school might not meet educational needs if students in the area

need an elementary school.

The combination of data sources does not capture all services on the landscape. Local

partners indicate data collected from Pokhara to be complete for all services. After the

two earthquakes in Nepal in 2015, there is increased interest in mapping features using

open source platforms such as OSM. OSM data complements the 2C Initiative data

collection creating a more comprehensive dataset. Any missing data points can gener-

ate larger areas identified as lacking services. Douala lacks complete data on social and

food services accessibility, revealing the dynamic need for ongoing data generation.

Even with these limitations, our approach identifies service accessibility in areas that

are under-mapped and under-studied. This research provides the methodology for 2C

partners to continue data generation and analyses to assist city planners create a better

understanding of their city.

Conclusions
Distance to services is one indicator that identifies areas that are lacking services. Other

important factors include the quality, capacity, and availability of that service inclusive

of demographic characteristics to provide a comprehensive geospatial analysis of service

needs. Collecting additional information to enhance geospatial data within the city and

peri-urban extent can be limited through the OSM platform due to the generic tagging

nature of attributes (i.e., point features are located with limited information on point

Fig. 8 Intersection of areas that lack accessibility of all services. Locally retrieved city boundary refers to the
city municipal boundary
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characteristics or attributes). A combined approach that allows for identifying service

availability in the most densely populated areas and the rural peri-urban extent is crit-

ical to meet the needs of the most vulnerable. This research demonstrates a way to

merge global and local datasets to understand potential areas of vulnerability within a

community.

Information about what places actually are and what services they provide is difficult

using remote sensing or remote mapping platforms (i.e., OSM). On-the-ground map-

ping teams are needed to survey service providers and the community to assess service

utilization across demographics and locations. Through the 2C Initiative, we have

learned that using local teams for survey development and mapping reduces biases and

builds trust with local communities and decision makers.

The U.S. Department of State Secondary Cities Initiative and other city mapping pro-

jects (i.e., Smart Cities, Cities Alliance, EcoCityBuilders), understand the importance of

locally-generated data that is openly available for analysis and interpretation to help

rapidly-developing cities grow in a planned and sustainable manner. The Secondary

Cities Initiative includes generating local data as well as gathering valuable details about

these places that enhance our understanding of the needs of communities and planning

for future growth. Essential to the Secondary Cities Initiative is the ability to analyze

locally-generated data and validate the findings with our local partners. The Secondary

Cities Initiative holds technical exchanges and webinars to assess the accuracy of our

findings. In 2019, the results from our work were presented to our local partners dur-

ing technical exchanges, the process and findings of which is the basis for further re-

search and analysis. These activities build a network of geospatial practitioners around

the world to assist decision makers to develop strategies for sustainable growth and

development.
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