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Dearth of Spatial Data

Spatial data and its visualizations are absolutely critical in enabling good
planning and service delivery for national, sub-national and local governments.
A well-designed visualization, which highlights the relevant inferences from a
dataset, can make the appropriate decision obvious, and can lead to new
insights about the community. It can be used to make a persuasive case for a
much-needed intervention to the political leadership, or to rally public support
for a new project. Spatial data visualizations can also be used to combat unfair
pressure from vested interests, such as in the case of deciding the location of a
new school or health facility, by enabling greater transparency. Indeed, GIS
departments are now the mainstay of modern city and subnational
governments, and it is difficult to imagine effective service delivery or resource
provisioning without them.

Yet, many developing countries suffer from an acute shortage of appropriate
spatial datasets and the capacity to utilize them in their daily affairs. The dearth
of spatial datasets that can enumerate and help visualize the socio-economic
well being of a community, is a serious impediment to governance, service-
delivery and development-planning in most third-world countries. As a result,
decision-making is often ‘blind’ and informed on hearsay or whims, rather than
actual evidence.

Why is spatial data particularly important? This is primarily because most human
activities are linked directly or indirectly to space. Governance units, such as city
neighborhoods, police precincts, school districts, rural villages, canal
distributaries, farmlands and tax circles, are all fundamentally spatial entities.
Facilities such as hospitals or schools service a certain spatial area, and
population is also spread in spatial clusters.

Moreover, humans perceive images and visualizations much more effectively
than data stored in tables or registers. Well-designed spatial visualizations have
the capability to show a large amount of data in a palatable form, which
highlights its primary trends and reveals relationships. On the contrary, such
relationships are not easy to infer from table-based data.

In Pakistan, most government offices operate without access to spatial datasets
and visualizations that are essential for their work. The dominant data collection
and processing practice in government offices is to employ a set of handwritten
registers, which have ruled pages, with columns storing different attributes of a
data record. The record of patients in a hospital, or the record of criminals in a
police station is kept in similar registers. Many government departments have a
notified set of official registers — for example, a police station is required to keep



a set of 25 registers, a practice dating back to the British era. Many of these
registers are essentially different queries on the same dataset. For example, one
of these registers may be indexed by the investigation officer assigned to a
criminal case, and another may be indexed by proclaimed offenders that have
perpetuated these crimes. The register is the quintessential data recorder at
many levels of government.
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Figure 1: Few examples of spatial data records: Top left: A page from patwari’s
basta, land revenue record. Top center: Register to keep record of properties in
property tax administration. Top right: A damaged masavi, cadastral map of
vilage. Bottom left: District record room, which keeps record of land revenue,
court cases and DC's office, including valuable spatial data. Boftom right:
Record room of a court, containing case files.

Many of these registers contain valuable spatial data. For example, the FIR in a
police station lists the location where the crime has taken place, and
subsequent investigative reports (zimni) attached to the case record may even
contain a sketch map of the crime scene, prepared by the investigation officer.
Yet this spatial data is hardly integrated at a higher level, such as to develop an
understanding of the underlying crime trends and their response. Similarly,
school districts will not have a spatial understanding of the ‘catchment’ areas



that their schools serve, or an understanding of communities in their jurisdiction
that are underserved.

What is required to build such an understanding? To take the example of a
school district further, consider the problem of a government officer in charge of
a school district (EDO Education) having to decide on the location of 5 new
primary schools that he has the funds for. There are several pieces of data that
are relevant to make this decision. The EDO should ideally have information
about:

* Population: What is the density and spread of people in the district.

* Village locations

* Existing literacy information of each village, and information about
number of school-age children

* Locations and capacity of existing schools.

* Addresses of students in existing schools, to determine how far students
have to travel to reach their school.

* Addresses of teachers, to determine their travel time and availability in an
areaq.

* Road network layout, to determine accessibility.

* Terrain information, to determine accessibility

Note how each aspect of this data requirement has a strong spatial component.
If the EDO can visualize where the existing schools are (supply) and where the
potential students are (demand), and can also determine how much distance
and time students are spending to reach existing schools (accessibility), then
determining the location of new schools can be done in a fair and transparent
manner.

We will use this problem of locating a new school as a running example in this
report for illustration. Many other problems are similar in nature as far as data
needs are concerned, where they are locating new infrastructure, monitoring
service delivery, or measuring development indicators. All require an
understanding of the spatial spread of population and the services they are
delivered or their socio-economic well-being.

Impediments in Using Spatial Data

While mapping is an age-old activity, GIS systems and equipment has recently
become mainstream and affordable. However, when we look at the landscape
of spatial information in Pakistan, we find a lot of basic ingredients missing, which
lead to poor adoption of spatial technologies. In visits to several local and sub-



national government offices, including departments of police, education,
property tax, land-revenue, judiciary, health and disaster management, we did
not find adequate adoption of data-driven decision making. In fact, whatever
spatial visualizations were available were more for aesthetic purposes and for
adornment of walls rather than for any data-driven decision-making. In one
police station, we found an age-old map shown in Figure 2, which is hardly
usable and is infested with maijor errors, including distortions of scale and
incorrect determination of ordinal directions. Interestingly, when we developed
an up-to-date map of that police station and presented it to them, police
officials from other units who had no reasonable use for this map requested a
copy to decorate their office walls!
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Figure 2: Top: Map of the jurisdiction of a police station, found on the wall of its
Muharrar’s office. The map’s legend of ordinal directions has East and West
directions flipped, while the actual map is flipped in North-South direction. The
scale is distorted and it contains static hot-spots. Botftom: An up-to-scale map
prepared by our team, with beat boundaries. This map was mounted on a soft-
board and police staff was encouraged to use pins of different colors to show
updated crime frends.
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Figure 3: Base layers of spatial data that are often needed for common data
analysis tasks. Of these, elevation, hydrology, tfransportation, governmental
boundaries, population and land-use-land-cover are extremely critical in our
opinion. Non-availability of these layers hinders adoption of spatial data and
results in duplication of effort because every project needs to generate these.

Lack of Availability of Base Layers

It is our observation that the critical missing ingredient in adoption of a data-
driven approach is not the technology or the availability of software and tools,
but rather, the non-availability of basic datasets that are needed for almost
every spatial analysis that is needed for governance. In the theory of GIS systems,
it is known that certain fundamental datasets are needed for most practical
projects. These are called base-layers in the terminology of Spatial Data
Infrastructures (SDI). It is postulated that development, maintenance and
dissemination of these base layers should be a coordinated governmental
activity, and this data is part of the infrastructure that government provides,
pretty much like the infrastructure of roads or sewage. See Figure 3 for some of
the critical base layers that need to be development through committed
governmental effort in Pakistan.

Even in the absence of standardized base layers, there is still a lot of spatial data
that exists but is in a form that is not very useful. Below we highlight some of the
critical problems that we have seen, which, if fixed, can encourage the use of
spatial data in the country.



The most ubiquitous form of spatial data is the address of a citizen or a business.
Addresses are recorded on every National ID Card (NIC), school enrollment
forms, electricity bills, FIRs, patient data in a hospital or BHU and pretty much
everywhere a governmental service is to be delivered. The address refers to a
spatial location, and hence, theoretically, the collation of addresses on a GIS
map can generate the required spatial visualization for a government
department. In our schools example, the address of all students, if plotted on a
map., will generate the visualization of catchment area of the school, and can
inform the decision maker about whether a new school should be located
within that area, say to reduce the fravel time of students.

Yet, this problem is deceptively difficult for two fundamental reasons. Firstly, in
Pakistan and many developing countries, addresses are not standardized, and
can be written in many different forms. This makes it very difficult for a
computerized system to automatically process the address and place it on a
map. While humans can still manually understand the address, mostly because
of their familiarity with the area, automatic processing becomes very difficult.
Secondly, even when fields of an address can be understood by a
computerized system, the data needed to place it on a map is not available.
For example, the address of “Qadir Street No. 1, Jeewan Hanna Kachi Abadi,
Garden Town, Lahore” refers to which road segment on the map is not easy to
determine. This is because the maps available from Survey of Pakistan, Google
Maps or Open Street Maps do not record addresses down to a detailed level.
This database of place names, while improving rapidly on crowd-sourced
platforms such as Google Maps and Open Street Maps, has a long way to go
before it can become usable for an automated system.

An alternate way of addressing which is prevalent in older parts of cities and
rural areas is landmark based. That is, instead of defining the address in the
hierarchy of house, street and neighborhood, the address is defined in terms of
the nearest landmarks, using terms such as ‘opposite’ or ‘near’. Even the
address of our university, LUMS, which is a premier educational institution of the
country, contains the term '‘Opposite Sector U’, which would not be acceptable
in a standardized addressing scheme employed in western countries. After all, if
Sector U is a square region, there are four sides on which the ‘opposite’ could
be located! In older parts of the city, terms like ‘Near Masjid Allah-hu’ or ‘Mazar
Bibi Pakdaman’ may be commonly seen in addresses. Since Mazar (fomb) of
Bibi Pakdaman is a point entity on the map, how much area in its proximity is



addressed by its reference is not straight-forward to determine. Yet older postal
addresses sometimes show just the name of the neighborhood, with the
statement addressed to the postman saying “Ahmad Sahib to melay”, literally,
“this letter should reach Ahmad Sahib”.

If this is the state of addressing, a natural question to ask is how does
government function? How does post get delivered? How do policemen find a
locationg, How do land transactions happen?2 How do electricity distribution
companies locate consumers who are not paying their bills?2 The answer to alll
these questions is quite interesting. Addressing does indeed work, but not in the
global sense where the address can be resolved at one location. Instead,
resolving an address to a spatial location is a distributed activity, that, because
of the absence of detailed mayps, cannot be completed at one location. Rather,
it works in a distributed fashion in a similar manner to the way packets get
routed on the Internet. On the Internet, at each router, only the minimal
information about the next hop of the packet is decoded. Yet, by a sequence
of these next hops, the packet reaches its destination. In exactly the same way,
a letter from Rawalpindi, addressed to say, 17, B-Block, DHA, Lahore, will be put
in the ‘Lahore’ bin at the Rawalpindi GPO. When it reaches Lahore GPO, there is
a sorter there who puts all incoming mail into one of the 43 bins corresponding
to the 43 post offices in Lahore. Therefore this letter will find its way to the DHA
bin. At the DHA post office, it will again be sorted to the bin of the postman who
is assigned to the B-Block beat. That postman knows where house 17 is.

Interestingly, the precise address is known within the system, that is, the postman
who walks the beat understands the layout of the area. The problem, therefore,
is not that mail will not get delivered. The problem is that there is no central
location within the system where all addresses can be located, and hence, no
visualization of, let’s say, the load of mail delivery process in entire Lahore can
be generated. The situation is similar in locating villages, or land plots in land
revenue department, where the local patwari knows how to locate a Khasra
number, but the higher ups cannot find that location on a map unless they seek
help from the local patwari.

Even when we are unable to locate a precise address or street segment, for
many applications, it should be sufficient to locate the administrative region in
which that address exists. For example, in rural areas, the NIC contains the
mauza (vilage) name of the citizen. If all these mauzas were available as
polygon shape files on a map, then we would be able to locate the citizen
within that polygonal region, even if her exact house address was not traceable.
This would be sufficient for many socio-economic applications. Similarly in a city,



knowing the bounds of a neighborhood, such as Jeewan Hanna Kachi Abadi, or
Garden Town, in the above example, should be good enough for many
applications. This leads us to a very significant problem — the standardized
definition of administrative units, and determination of their boundaries.

This, again, turns out to be a deceptively hard problem that requires dedicated
work. In rural areas, the situation is somewhat simpler, because of the well
defined hierarchy of the land-revenue system. The mauza, or revenue village,
exists within a patwar circle, which is part of a ganoongoi, which combine to
form a tehsil, which is in a district. The problem is simply to locate the polygonal
boundaries of the smallest unit, the mauza, and then information can be
integrated upwards at the desired level of granularity, because every
subsequently coarser unit is made from the combination of this smaller unit,
which essentially is the building block of this hierarchy. It is also critically
important to observe that all other relevant units used in governmental work,
such as the police station, electoral constituencies, school districts, or union
councils, also are created from the same building blocks. This enables
integration of data from different sources of analysis and planning.
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Figure 4: Urban boundaries of Lahore, as reported by five different government
departments. Their inconsistency highlights the challenges in integrating data
from different sources, which is critical for any socio-economic analysis.

[Figure courtesy of the Urban Unit, Government of the Punjab]

The scenario is not as clear in urban areas. Administrative units in urban areas
are characterized by overlapping and ambiguous jurisdictions, mainly because
the administrators themselves have higher visibility of the region under their
jurisdiction, and can therefore, choose to modify their units according to their
needs. A somewhat stark example of this phenomenon is illustrated in Figure 4,
which shows five different boundaries of Lahore collected by the Urban Unit
from different governmental agencies. The disagreement between the
definition of Lahore itself is extreme, and can lead to a lot of problems in data
analysis. For example, with this disagreement, the population of Lahore would
be perceived to be grossly different by these agencies.



At a sub-city scale, we compared the polygonal boundaries of Union Councils
(important for electoral data and political constituency) with that of police
stations



Figure 5. Boundaries of police stations in Lahore (left) overlaid with boundaries of
union councils (right). While consistent in some areas, they are grossly different in
others.

Type of Unit Department Spatial Unit No. of Units

Administrative CDGL Town 10

Administrative Police Police Station 74

(Thaana)

Political Union Council 150 + cantt

Electoral Election Commission National Assembly 13
Pakistan Constituencies

Electoral Election Commission Provincial 25
Pakistan Assembly

Constituencies

Statistical Population Census  Census Charges 178
Organization Census Circles 869
Census Blocks 4931
Service Post Office Postcodes 43
Service Excise & Taxation Zones 2
Tax Circles 160
Service Lahore Electric Circles 4
Supply Company Sub-divisions 163

Figure 6: Table of constituent units of different administrative divisions in Lahore
district. These units are not hierarchically aligned, making data integration very
challenging.



(Figure 5). With roughly about twice as many police stations as union councils,
with a bit of careful planning, the two sets of boundaries could be aligned, that
is, the boundary of the bigger unit (in this case, the union council) should be
form from aggregation of the smaller units (in this case, the police station). This is
particularly reasonable to achieve, especially because both units are ideally
constructed as a function of population - if population in one union council or
police station exceeds a certain limit, it should be bifurcated into two. Upon
comparing their boundaries, we found that at places, they were in agreement,
but there were also large differences between them. This seems simply a result of
not making effort towards coordination of boundaries, rather than for any other
fundamental reason.

Why is this difference an undesirable feature from data analysis point of view?
Because it makes integration of data very difficult. For example, we have
population estimate of each union council available in census data, and we
have crime numbers of each police station available with the police
department. If these boundaries were indeed aligned in a hierarchical fashion, it
would have been easy to develop a visualization of crime per capita at the
union council level. With current arrangement of overlapping boundaries, it is a
quite difficult to create this visualization.

One of the most critical and frequently needed data layers is that of population.
Since governmental services are targeted towards citizens, it is imperative to
know where the citizens are. In the problems of targeting humanitarian aid after
a disaster, planning a new school, or provision of police resources according to
crime incidents per capita, it is of utmost importance to have a good
population density map available to the decision makers. Yet, despite its
fundamental importance, it is one of the layers that is missing from the
landscape of spatial data in Pakistan. A good, detailed and up-to-date
population layer does not exist, and even coarse approximations are
unavailable.
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Figure 7. A sketch map of census blocks used by the census department (left),
and its actual spatial layout (right) which is quite different in shape, orientation
and scale.

The primary enumeration of population is through the population census, which
was last conducted in 1998. Even this dated census data has not been located
on a map. The census methodology revolves around enumerating households in
a census block, which is typically targeted to have 250 households. Census
blocks combine to form a census circle, and these combine to form a census
charge. The problem is that these units exist in tabular form, with text descriptions
of their demarcation, but are not drawn on any map. Hence, the population
data cannot be transferred to a GIS map.

Over the last couple of years, Pakistan Bureau of Statistics has started the effort
of demarcating these blocks in spatial coordinates, by using GPS devices in the
field and marking every landmark location contained in the text description of
the boundary. This is indeed a commendable effort in the right direction, and
more resources should be dedicated to completing this layer. This sort of data
needs continuous maintenance, because of the updates in these boundaries,
and will also need to be made publically available to citizens and government
departments, so that its potential benefits can be realized.

In the current scenario, where such detailed population data is not available,
the goal of informed decision-making based on spatial visualizations is really
very difficult fo achieve.

There can be several proxies to population data. For example, even if
population is not known, but the size of each settlement is known on a map, it
can be used to approximate population. However, that is also a form of data
that is unavailable in Pakistan. At a very coarse level, the population estimate of



each tehsil can be shown on a map, but for most sub-national governance

tasks, a tehsil is foo coarse a unit to work with, and it can mis-inform decision
making by hiding the non-homogeneity of socio-economic conditions within
such a large area.

An associated problem, though not one of spatial visualization, is that of the
accuracy of census population data itself. The last census was conducted in
1998, and since then, the population estimates are generated by compounding
a fixed percentage of growth every year, uniformly across the whole country.
This is hardly an accurate strategy, and does not take into account the relative
movements within the country, such as migration to cities, or movement trends
between cities. Over the course of more than fifteen years, one would expect
such trends to shift, and hence, an update of the census data becomes critical.
One way to achieve this, in the absence of a full-fledged census, can be to
conduct small sample surveys in randomly selected census blocks, and use their
data to adjust the cumulative percentages that update population estimates.



Opportunities to Innovatively Jumpstart Spatial Datasets

While the landscape of spatial data is not rosy, what is encouraging is that in
recent years, many new techniques have been developed which hold great
promise. The players in the field are changing. While previously, mapping used
to be the domain of one central and well-funded agency, now most consumer
cell-phones contain GPS which is a powerful mapping device. Hence, the
landscape is now characterized by many actors rather than a single agency,
and data is being made available from a multitude of sources. Satellite imagery,
Open Street Maps (OSM), and powerful computers can all be utilized to
jumpstart spatial datasets and visualizaitons, without the need for expensive field
surveys in many cases. In the following sections, we highlight several such
attempts which generate spatial data at a mass scale, often of less than perfect
accuracy, but still extremely useful in a scenario where none was available
before.



Developing a Mauza-Level Administrative Boundary Map
for District Jhelum and its Use in Socio-Economic and

Demographic Mapping

A Step Towards Building a National Spatial Data Infrasfructure for

Pakistan

Background: Our team consisting of experts from SUPARCO and LUMS
developed an innovative, scalable and cost-effective methodology to
generate an accurate mauza(village)-level boundary map of Tehsil Jhelum. The
work on this project was completed in a record fime of less than 8 weeks, in
partnership with the Population Census Organization and the office of the

District Officer Revenue, Jhelum.

The Need: The significance of mauza-boundaries is
immense. Most socio-economic and demographic
data at the rural level, such as census data, national
identity cards and patients reporting at a hospital,
contain the mauza name. Yet these datasets
currently are not geo-referenced, existing in tabular
forms and not available on a map. Current maps of
Survey of Pakistan show administrative boundaries
only fill Tehsil level. To understand the difference in
coarseness, it may be mentioned that there are
about 120 tehsils in Punjab but more than 26,000
mauzas. By building a mauza-level map of Teh:sil
Jhelum, we were able to show the census data on a
geo-referenced map for the first time, enabling
inference of spatial trends for more effective decision
making.

Approach: Mauza boundaries are defined by the
Land Revenue Department. The most recent revenue
maps of District Jhelum were prepared in 1940 under
the 3rd Settlement of the district. These maps, called
masavis, are stored in the District Record Room and
form the basis of all administrative boundaries at the
rural level. For example, the jurisdiction of a police
thana, election halagas, union councils, patwar
circles and ganoongoees are all defined through
agglomeration of mauza boundaries. Yet, the maps
are largely inaccessible, and some have decayed in
the last 70 years to a point where they are unusable.

[Top] Scan of a typical masavi, which is torn ¢
a few places. [Bottom] Scan of a heavil

While there could have been other approaches to extract the mauza
boundaries, we identified the dire need of preservation of more than 5,000



masavis of District Jhelum as a design constraint, and started preparing a
methodology for scanning these valuable documents.

Methodology: Due to the age and the brittle nature of the paper on which the
masavis are made, we did not scan them through a normal roller-scanner.
Instead, we manufactured our own camera-based scanner which imaged
each masavi in two halves. The scanning operation was completed within two
weeks and generated approximately 10,000 images. Advanced image
processing techniques were used to stitch the images together, first to combine
the two halves of a masavi intfo a single image, then to mosaic the masavis of a
whole mauza into one image and finally join images of adjacent mauzas
together like a giant jigsaw puzzle. These steps required innovation in multiple
directions: an understanding of the terminology of the patwari system and their
mapping practices was generated, indigenous software was developed to
speed up the mosaicing process and protocols for handling missing information,
torn sheets and incomplete maps were created. Finally the mosaics of mauzas
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were geo-referenced on recent satellite imagery. We observed a high degree
of alignment between the 70-year old masavis and today’s satellite images.
Seeing the similarity of features such as roads, fields and streams was a source of
great satisfaction for our team; it not only confirmed the high accuracy of the
survey procedures employed in the 1930s, but also provided verification that the
methodology that we had employed to transfer these maps to digital form was
indeed correct.

In addition to administrative boundaries, our team in partnership with the
Population Census Organization also collected coordinates of infrastructure of
interest, such as schools, religious places, government buildings and health
facilities. This data was also integrated into the final product.



The  mauza-boundaries - B

themselves are a very useful product for district Y &‘\“\
administration, and our mauza maps were termed "’}%’;ﬁﬁ
invaluable for the daily working of the district Q-"
officials. However, their linkaoge with socio-
economic data opens up the most exciting
possibilities. As a demonstration, we developed a
few applications of the use of mauza-boundaries
for typical government functions. Census data was
mapped to these boundaries using the numeric
mauza-identifier available in both census and
revenue records (hadbast number). To the best of
our knowledge, this is the first time in Pakistan that it .
became possible fo visualize census data on a :‘pcrzzs':f"g’;;l:ﬁg:T‘;f":;g::g;ﬁ:ﬂmsum_
map, hence enabling the inference of spatial level data projected from the 1998 census. [Top
trends. Furthermore, we also developed a spatial-  Righf] Accessibility via road network to Basic
analysis visualization fo help the government plan :';Tg:‘sl;“':);?ﬂ'gﬂ;ﬁ'gﬁ'Z'T';%;hﬁ;‘::gg new
the location of a new school or health unit. This was  BHU may be planned.
done by analysis of the mauza-level population,
the existing location of these facilities and the accessibility of these facilities
through roads [see inset]. An additional significant impact of the project is the
availability of land revenue maps in a geo-referenced format, which will not
only helps preserve the decaying original record, but also makes the land-
revenue data much more readily accessible and useable.
The synergistic combination of old 1940 maps and recent 2010 satellite imagery
in this project has demonstrated a powerful combination for socio-economic
planning in Pakistan. A detailed administrative boundaries map can indeed
have many more potential uses, both for public and private sectors. It is,
therefore, defined as one of the critical layers of any National Spatial Data
Infrastructure (NSDI). Through this project, we have taken the first steps towards
creating a comprehensive NSDI for Pakistan.

Case Studies

Mobile Phone Price as a Proxy for Socio-Economic Indicator



The frequency, granularity and accuracy of socio economic data is limited in many developing
counfries because of the cost, governance, and political economy challenges of data collection.
For example, in Pakistan, it has not been possible to conduct the population census since the last 17
years. At the same time, the Information and Communication Technology (ICT) sector has grown
enormously in Pakistan over the past decade, resulting in one of the highest teledensity levels in the
region. This situation is not specific to Pakistan but is also prevalent in many developing countries.

The low cost, high granularity, real-time data trail left behind by mobile users of a region can be
used as an alternate method to provide socio-economic insights and thus help policy makers plan
and target resource allocations, evaluate ongoing interventions, and manage disasters.

For this study, we focus on a hitherto unexplored variable in mobile call records: handset models.
From eleven months of data of prepaid subscribers in one district of Pakistan, we calculate average
phone price of residents in the approximate region of each cellular tower, and then correlate it with
variables in two publicly available socio economic datasets that provide village-level statistics.

We had access to eleven months (July 2013-June 2014) of cellphone usage data of the largest

telecom provider in Pakistan, Mobilink, for District Jhelum. It was chosen because of its geographic
and socio-economic heterogeneity. We used data for prepaid subscribers only, which make up for
an overwhelmingly large percentage of total subscribers in Pakistan.

The data available for this study was not the actual Call Detail Records (CDRs). Instead, mobile
usage variables for individual subscribers were aggregated on a daily basis. Separately, for each
active day of each subscriber, we had a list of cell towers under which the subscriber performed any
activity. This list of towers was not sorted in temporal order, thus did not allow us to frack location
during off-hours for identification of their residence. The dataset comprised of around 43 million
records, a little over 360,000 unique users and 80 cell towers.

In our dataset, one of the variables was the handset model of the subscriber against which activity
for the day was recorded. For these handset models, we manually collected their existing market
prices, by searching popular retail websites in Pakistan. We managed to collect phone prices of
around 85% of users. Handsets for which prices could not be found were almost all uncommon low-
end handsets, for which the reported name did not match the name by which the model is
marketed in the country. A fixed price of PKR 3000 (approximately USD 30) was used as their market
value.

For models that had been discontinued and were not available in the marketplace, we collected
their second-hand prices from local p2p online marketplaces. For users against which activity was
recorded from more than one phone over the eleven months, we used the average price of the
handset.

We used two publicly available socio economic census datasets in our study. Both datasets provide
information aggregated for each Mauza. The first dataset is the Mauza Census of 2008, conducted
by the Agricultural Census Organization (ACO). Our second dataset is the Population Census of
1998, conducted by the Population Census Organization (PCO). From PCO and ACO datasets, we
used 21 and 213 socio-economic variables respectively.

To correlate mobile usage dataset against the socio-economic state of a region’s residents, we
need a method to approximate the place of residence of mobile users. We map users onto what
we call their 'home towers', taken to be the tower under which their residence is located. Because
of the unavailability of hourly data within a day, the most frequent locations of subscribers during off
hours could not be tracked. Due to this limitation, we estimated the home tower to be the tower
under which the subscriber was spotted the most during the eleven months.



In the mobile dataset, the towers were available to us as latitude-longitude pairs. To get an
approximation of their area of coverage, we used Voronoi algorithm. The algorithm simply assigned
region to each tower in such a manner that each point in the region is closer to its assigned tower
than any other tower. Rather than directly mapping mauza stafistics fo cell towers, we first mapped
census data onto settlements within a mauza boundary. This was done to improve the accuracy of
the mapping of census variables to towers, because mauzas often cut across tfower boundaries,
while seftlements, being sparse, are less likely to do so. Large seftlements falling into multiple mauzas
were split info smaller contiguous settlements.

As the next step, we took the census data already mapped ontfo seftlements and aggregated it
ontfo towers. We performed this mapping using weighted averages, based on the percentage of
the total seftled area in the tower belonging to the settflement.

Once census and mobile data variables were mapped onto towers, we computed two statistics as
quantified measures of their relationships: Pearson's correlation coefficient R, capturing the general
linear relationship between variables and p-value capturing probability of the null hypothesis being
frue. In our results, we consider two variables to be correlated only if |R| > 0.35 and p <0.01.

Our results indicate that phone price correlates with a large number of socio-economic indicators.

Though correlations with the individual variables may be moderate, the fact that cellphone price
correlates so broadly and with indicators of varied socio economic theme goes to show that there is
a clear relationship between the average phone price of a region and its socio economic state.
Table below lists some socio economic variables (all correlated variables not listed), their theme and
the Pearson correlation coefficient R and p-value with phone price.

Variable Theme R Value p-value
Distance to College (Boys) Education -0.40 0.0026
0.017

Distance to College (Girls) Education -0.35
Distance to Child/Mother Center Health -0.40 0.0026
Distance to private MBBS doctor

Health -0.43 8.4x1005
Bricked streets

Infrastructure -0.48 8.6x100:6
Bricked Drains

Infrastructure -0.54 4.4x1007
Construction Type of majority of houses Infrastructure -0.35 0.018
Toilet facilities Hygiene -0.62 9.4x10-10
Distance to police stafion/post Law & Order -0.36 0.012
Distance to private veterinary facility Livestock -0.39 0.0044
Distance to govt. wheat/grain procurement | Agriculture -0.46 2.6x1005
center

Communications
Distance to internet -0.36 0.013

Availability of cable Communications | 0.38 0.0055




Distance to commercial bank Financial -0.48 8.7x10-06

The objective of the project is to spatially map out the electricity generation data
across Pakistan. The pilot project was launched in Lahore and the plan is to scale
up across the entire country. The project is not restricted to any particular purpose
rather the idea is to get a spatial visualization of the electricity consumption data.
Currently, the data available on electricity consumption is limited to excel sheets
which provide detailed information regarding the consumption in each feeder. This
project aims at mapping out this data in order to visually understand the distribution
of electricity consumption across regions.

The benefits of this project are multifold; as spatial mapping of electricity is
important information for many organizations in the government and development
sector. Some of the benefits for policy makers are as follows:

1. Valuable information for many proxy indicators such as poverty per capita as
electricity consumption is a good indicator of the standard of living of
households. Poverty distribution across the country can be traced through
mapping which is otherwise ignored in statistics such as poverty per capita.
This is because it fails to account for the variations across regions which can
be captured through visual data.

Helps identify industrial areas and their electricity requirement.

Identifies underserved and neglected communities.

Can be used in conjunction with already existing maps and provide useful
regional indicators.

oD

Currently the electricity department has access only to line diagrams of electricity
consumption. Visual mapping can have multiple benefits for them as well. Some of
them are as follows:

1. Beftter understanding of the electricity feeders installed.

2. Helpful in fracking electricity theft across regions. It will identify regions with a
high theft rate and so on.

3. Identify consumption patterns of electricity regionally. Valuable information

regarding electricity requirements across regions.

Identify electricity bill collection patterns regionally.

Identify temporal variations with regards to consumption. Particularly helpful

in understanding change in electricity consumption patterns over time.

oA



6. Provide information regarding load shedding; in particular identify areas
which are affected the most and so on.

Examples

Examples of what the project aims to do are attached below.
Estimated Total Annual Building Energy Consumption at the Block and Lot Level for NYC
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The major obstacles of this project are as follows:
1. There are too many addresses which have to be located manually.
2. Ambiguous and unavailable addresses on the map
3. Addresses do not follow any standard procedure.

Given these obstacles and the fact that the project has to be scaled up to entire
country, there was a need to develop an automated system which could process
these addresses. Since the addresses cannot be located on the map because of
the poor records, the approach has switched from identifying addresses to
identifying regions. That is, maps would show the variations in electricity
consumption across regions rather than variations across households.

The city of Lahore can be divided at 3 levels:-

1. Circles: can be divided into 5 circles
2. Substations
3. Feeders: approximately 1200 feeders



4. Approximately 3 million consumers at the district level.
For the purpose of our project, the unit of analysis is the electricity feeder.

Maijor problems with the raw addresses were as follows:

1. Spelling variations. For example, Jeevan, Jiwan, Jewan, Geven, Jevn are all

variations of the same word.

2. Incomplete addresses. For example, Jiwan Hana, LHR. Here, no address is

available, just the block name.

3. Inconsistent Abbreviations. For example, New G/Town, G-Town, N G Town, N

G are all variations of the New Garden Town.

4. Data Entry Errors. For example, (, BLKLHR, LK, BLKLH, HANALHR. Missing a single
space or usage of the incorrect bracket sign causes problems in the

automation of the system.

The automated system can be divided into 4 steps:

1. The raw addresses are processed in order to identify the high frequency
words within the feeder. For example, “BL" and “TWN" are words that are

found often in addresses.

2. Metaphone is applied on these high frequency words in order to correct their
spellings. For example, the word “TWN" is replaced by TOWN or GARDAN is
replaced by GARDEN. The metaphone is an algorithm which identifies the
high frequency words, creates a dictionary by grouping together all the
words with slight spelling variations and standardizes the spellings by
replacing them with the highest frequency word. The highest frequency word

is assumed to be the right spelling.

3. Assigning each word in the address with a tag of its type. For example, “92 -
A GARDAN BL NEW GARDEN TWN LHR" would look like this after the two
steps: “(92, NUMBER ) (A, ALPHA) (GARDEN, NAME) (BL,BLOCK)
(NEW,NAME) (GARDEN,NAME) (TOWN,TOWN) (LHR,CITY)"

4. Finally the addresses are extracted in chunks automatically. For example:

(92, NUMBER ) (A, ALPHA) (GARDEN, NAME) (BLK,BLOCK)

(NEW,NAME) (GARDEN,NAME)
(TWN,TOWN)

HOUSE CHUNK BLOCK CHUNK

TOWN CHUNK




1. Some feeders overlap in the service area covered by them. That is, one part
of an area could be served by say 2 feeders.

2. Some feeders also serve discontinuous areas. For example, some areas are
non-contiguous yet covered by the same feeder.

This paper presents a study frying to understand the relationship between cellular
usage data of a region and its socio economic state. A particular finding of interest
is that average phone price of a region is highly correlated with its socio economic
indicators. We also show that variables related to expenditure also exhibit
significant correlations. Thus we make the case that cellular usage data is a viable
alternative or proxy for socio economic standing of a region. In addifion, its real
time availability and low cost make it ideal for policy makers in planning resource
allocations, evaluating ongoing interventions and for disaster management. This
study shows that the average mobile phone price is a good proxy indicator for
several socio-economic indicators of a region.

Future work would focus on trying to correlate with other socio economic datasets
particularly poverty data collected by a national poverty support program (Benazir
Income Support Program) which is not only much more recent but is also granular
down to the level of individual households and focuses on economic variables
including income. For future work, we also want to include other carriers to remove
any bias any particular carrier may infroduce in data.



Annex |

Web Based Interactive Tool

All these data-sets, which were available in raw numbers in excel sheets were
mapped out using the online interactive tool. The details of this project are outlined
below.

The objective of this project is to essentially map out important socio-economic
indicators across regions in Pakistan. These indicators are available in the form of
cold, raw figures in excel files with limited usage for policy makers and users. The
idea behind the spatial mapping is to have a more improved and nuanced
understanding of the different indicators regionally. The benefits of this are multifold;
particularly in increasing the accessibility of such indicators across masses and
amongst policy makers. This will of course raise the general public awareness
regarding the distribution of facilities and also aid policy makers in making better
informed decisions.

In doing so, the tool made used of several data sets such as the Punjab Federal
Statistics, Multiple Indicator Cluster Survey, Pakistan Social and Living Standards
Measurement and so forth. The data in these data sets can divided into 3 levels of
granularity: District, Tehsil and Mauza. Our aim was to map out the data atf the
lowest level of granularity possible in order to get a more precise picture regarding
the regional variations in Pakistan.

This report will provide a run through to the interactive tool by looking into the
various indicators being covered. It will then go on to highlight the difficulties and
shortcomings of the online interactive tool. The report will end with a look towards
the future; that is, how we envision the tool is utilized by people.

This section will look into the interface of the tool and highlight its key features.



The tool allows visualizations at four levels of granularity.
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The image above shows the complete view of the tool with view set at Punjab and
granularity at Districts.

View and granularity can be selected from menu at the top left. Punjab View allows
data to be viewed at granularity District or Tehsil. Jhelum view on the other hand
allows visualization at Mauza and Settlements granularity. Following screenshots
contain all views and granularities.
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Each view and granularity pair has its own variable categories under which we've
nested different variables. These categories correspond to different socio economic

themes such as Health, Education, Law order etc.

To the right is view of the variable categories for Districts. Notice the added icons for

each category to increase comprehensibility.

On selecting a category, the menu collapses, now with just the
icons V|5|ble with icon of the selected category highlighted and a
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submenu slides into view with the
nested variables.

The submenu lists all the variables
corresponding to the selected
category. In order to view a variable
on the map, the user only needs to
select its associated radio button and
press submit button.

In order to go back to the old view
the user can either press the cross
button or select any icon in the
collapsed menu.
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For each variable, to the right are a set of menus providing important information
regarding the selected variable.

At the top is an info box, providing vital information about what's being shown on
the map. This information includes complete name of the variable, the unit of the
value of its variables and most importantly, its source census or survey along with

the year at which the census was conducted.

Below the info box is the Legend. The Legend explains how the value of the
variables were binned and what color was assigned to each bin. Darker shades
have been used for bins capturing the higher end of the spectrum and vice verse.

At the bottom to the right is a Rankings Table. This table has three columns: Rank,
Name of the units and the value of the variable for each unit. This table is sorted in
descending order.

Another important feature of the app are toggle layers that can ... soundares (Y FF)
toggled on or off at any time, regardless of the view or Tens sundares (CEFF)
granularity selected. Currently the layers we have on the tool m
are District boundaries, tehsil boundaries and BHU locations. o
The image below shows BHU Locations turned on with District granularity.
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name Jhang

When a unit is selected, the boundary of that unit is Mauzas 722.0
highlighted and a popup window appears providing
details of the unit selected. H

Details on the info window include
¢ name of the unit ‘
* value of the variable selected N
* how it ranks in comparison to other units 1
* values of one important variable from each
category for the selected granularity

At the bottom are Ul components that can be used to
compared units

The tool also allows the user to compare as many units
as he wants.

Comparisons take place via info window. When the

user selects a unit, he can press the 'Add to

Comparison button' to add the selected unit to

compare. Similarly, the user can open info window of

other units that are to be compared. When all the units

have been selected, pressing the View Comparison

button can take to the Advanced view containing graphs comparing the selected
units.

The user can also deselect units by pressing the small cross button at the top right of
the name of the unit.

Pressing the View Comparison button results in opening of the advanced
comparison view. This view primarily consists of bar graphs of selected units with a
table below sorted by variable value in descending order.




Moving the cursor over a bar displays name of the unit.

Advanced

Between

Submit

Mauzas

Another advanced feature we have in the tool is allowing Advanced
comparisons within units. So for instance if the user was comparing ——
districts initially and from the dropdown selects within. The bar graph |
would update itself to move display comparison at a lower —

granularity, for the originally selected units. e —
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We also allow the user to change variables in the advanced
view.

So if the user opened the advanced view with a variable X
selected on the map. In order to compare the same units, but
on a different variable, the user does not have to go back and
start the process all over again. All that is required is to just
select another variable from the variables dropdown to the
right.

Advanced

Within

Mean time to source of dn

DU Gleaie LR R

-~
Girls primary government

school less than 2km
Girls primary government
school 2-5km

Girls primary government
school grester than Skm
Boys middle government
school less than 2km
Boys middle government
school grester than Skm

Boys middle government -
schnnl 2-5km

* The biggest problem in this project was regarding the lack of data at the
granular level. For example, the MICS of 2010 did not have data available at
the Tehsil level. Therefore, we had to make use of the data from 2006 which

was available at the Tehsil level.

* Even when data was available, it was in a form which could not be used for
processing. In other words, it had to digitized in the form of excel sheets
before it could be of use. This was an extremely time consuming exercise of

putting all the data into excel sheets.

*  Mauza boundaries themselves were not easily available. Even in the rare
case that they were, there were contradictions between different sources



and sometimes overlapping mauzas as well. Lack of demarcated boundaries
of the mauzas was of course an impediment.

Because of the reasons stated above, we choose Jhelum as a model district
because data at such fine granularity was not available for other districts.

The initial aim of the project was that this data could be utilized by policy makers
who would then provide us with periodic feedback regarding the system. Through
this feedback, the system could be modified and expanded in ways which would
be useful to policy makers. We hope to get feedback from policy makers regarding
the utility of the project which would facilitate future improvements.



