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Abstract

Geospatial data are produced by several organizations located at various places,
and that is clearly a distributed environment. Many technical and institutional
issues need to be resolved to share data in such an environment and to eventually
enable regional development. For this matter, many countries implement Spatial
Data Infrastructures (SDIs) for the last 40 years. Since 2010, also Pakistan is
striving to implement an SDI at the national level (NSDI). However, so far, the
promised benefits have not yet been achieved. This study explores the evolution
of the NSDI in Pakistan from 2010 till 2020 to reveal what kind of challenges the
country is facing. Given the importance of stakeholders' support for the
implementation of SDIs, we conducted a stakeholder analysis and a dedicated
survey. We adopted the power-interest grid method to classify stakeholders'
interests based on their authority to influence the NSDI development. Among other,
the results show that stakeholders’ low participation due to insufficient
technological, financial, and human resources impedes NSDI implementation
efforts in the country.
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1. INTRODUCTION

Geospatial data are produced by several organizations located at various places,
and that is clearly a distributed environment. In this environment, technical and
institutional issues need to be resolved so that sharing of the data can be enabled
and costly process of collecting the datasets again are avoided. To address these
issues, Spatial Data Infrastructures (SDIs) are being developed at various
geographic scales in many countries of the world for the last 40 years (Bucher et
al., 2020). More than half of the countries in the world are developing a National
Spatial Data Infrastructure (NSDI) (Masser, 2005a). An NSDI is a framework of
technology, standards, policy, and collaboration of different institutions to ensure
national access, exchange, and utilization of spatial data (Georgiadou et al., 2005;
Masser, 2005b; Nikolina Miji¢ & Sesti¢, 2018; Williamson et al., 2003). There can
be several applications of NSDI having positive impacts on the social,
environmental, and economic aspects of a country as find (Almirall & Bergada,
2008; Campagna & Craglia, 2012; Crompvoets, de Bree, et al., 2007; Masser,
2005a, 2019; Richter et al., 2010).

Understanding needs and rationales for SDI development cannot be exactly the
same for developed and developing countries though it may have some
commonalities (Asmat, 2009), such as for improving national planning and
supporting socio-economic developments (Ayanlade et al., 2008; Bucher et al.,
2020; Cada & Janecka, 2016; Fernandez & Crompvoets, 2008; Panagiotis &
Maria, 2013). Masser (2005b) while arguing about SDI developments finds that
“SDIs are dynamic innovations as they are likely to be re-invented during the
diffusion process to meet the needs of different national circumstances” (p.21). De
Man, (2006) also supports above arguments, “SDIs and other kinds of information
infrastructure alike are different at different spatial (or geographical) levels because
of differentiated social contexts”.

Since the early 1990s, initiatives to develop spatial data infrastructures have been
carried out in many countries around the world (Richter et al., 2010) and NSDIs
have evolved over different generations. According to (Masser, 1999), the first
generation was typically led by national mapping agencies to promote economic
development, stimulate better government, and foster environmental sustainability.
Accordingly, the priority of first-generation SDIs was better reuse of existing
products or the design of specific new products from multiple sources (Masser,
1999). In the second generation of SDIs data sharing and utilization is facilitated
by geoportals (Maguire & Longley, 2005). Geoportals allow citizens to visualize
various information products through the World Wide Web, and they allow to
discover and access data from other providers (Bucher et al., 2020).
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The rapid advancements in spatial knowledge leading to more innovative
technology and the Internet have changed the landscape of NSDIs. Bucher and
others also find that, “a growing amount of spatial data stemming from different
technologies (data delivered by the administration under the Public Sector
Information directive, satellites, airborne sensors, in situ sensors, social networks,
etc.), and it is more and more complex for a user to discover data, compare them,
and select the best ones” (Bucher et al., 2020). Therefore, the future SDI
developments are expected to be influenced by the growing number of social
networks, mobile devices, computing and crowdsourcing services to integrate data
of various types as envisions (Harvey et al., 2012). In order to make use of these
technologies, NSDIs developments have to cater for not only technical aspects but
also agreement with common policies, standards, and institutional frameworks
(Crompvoets, Leuven, et al., 2007; Diaz et al., 2012).

This article explores the evolution of the NSDI in Pakistan from 2010 until 2020 to
explore what kind of challenges the country is facing.

2. THE EVOLUTION OF NSDI IN PAKISTAN

2.1 Planting the seeds of NSDI: A cultivation approach

Pakistan is not an early adopter of the first-generation (N)SDI in terms of its
initiative for implementing SDI at the national level. The reasons behind this
reactive approach by policy makers were related to the relatively underestimated
socio-economic value of Geographic Information (GI) in the past (Asmat, 2008).
There had been a lack of political support to regard Gl as a national asset (Masser,
2005a). Consequently, the establishment of appropriate policy, institutional and
legal arrangements to deal with matters of Gl was not seen as a priority.

However, in 2010, the Government of Pakistan through the Survey of Pakistan
(SoP) started organizational efforts for the development of the country’s NSDI (de
Vries & Asmat, 2016). The primary objective of the NSDI development was to
eliminate duplication of efforts in the collection of geospatial data by setting up a
data-sharing platform at the national level. The secondary objective was to regulate
the geospatial industry and to coordinate geospatial information production. In
2010 the SoP sent a proposal for the development of the NSDI to the concerned
ministry for approval. In 2012 the SoP presented the idea for the NSDI to the
sectary of the ministry. And in 2013 the ministry approved the development of the
NSDI for Pakistan.

To promote inter-agency coordination in the context of NSDI implementation in the
country, more than 20 public and private sector organizations were visited by a
delegation of SoP that was headed by the then Surveyor General of Pakistan (Ali
& Ahmad, 2013). Parallel to these developments, the SoP carried out a feasibility
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study for NSDI development (de Vries & Asmat, 2016). Still, instead of taking fully
coordinated actions to implement the NSDI, the developments remained
fragmented. It took almost four years (March 2010 to May 2014) to arrive at a joint
understanding between the major stakeholders that are producing fundamental
and thematic geospatial information that sharing of their datasets through an NSDI
will not result in losing control of their data holdings and that the data assets will
remain in their custody. During these four years, some reach publications (Asmat
& Munir, 2014; Asmat & Munir, 2012; Asmat, 2010a, 2010b) were shared with
national geospatial communities underlining the benefits of sharing geospatial data
through the implementation of NSDI in the local context of the country. The
publications helped to create awareness among the stakeholders of geospatial
data in Pakistan.

In May 2014, the legal framework for the development of NSDI in Pakistan, the
Surveying and Mapping Act (GOP, 2014), passed the National Assembly of
Pakistan. The clause 15 of the Act titled as management of geospatial data states
that the “Survey of Pakistan shall establish and maintain National Spatial Data
infrastructure (NSDI) with the support of key stakeholders to ensure consistent
mechanism of maintenance, dissemination and sharing geospatial data among all
users by reducing duplication in collection and maintenance of aforesaid data and
to enhance and improve objective decision making”. The Surveying and Mapping
Act gave the SoP the mandate to establish and maintain the NSDI with the support
of key stakeholders but no mechanism for collaborating with the stakeholders were
yet to be put in place. The retirement of two Surveyor Generals of Pakistan within
five years caused significant delay in pursuing this initiative.

In order to transform the fragmented efforts by SoP, SUPARCO, PARC and PBS
into a shared activity, on May 15, 2020 a national coordination committee has been
formed on the directions of the concerned ministry. The committee is responsible
for making collaborative efforts for the development of the NSDI. It includes one
representative from each government department, private sector organizations
and academic institutions.

The trajectory of NSDI in Pakistan is summarized in Table 1. This again illustrates
how the developments formed into a collaborative initiative. This coordinated effort
for the implementation of the NSDI for Pakistan is the right direction, also according
to SDI literature (Ferndndez & Crompvoets, 2008; Yola Georgiadou et al., 2005;
Masser, 2005a, 2019; Rajabifard, A., Feeney, M. E. F., & Williamson, 2003; Richter
et al., 2010).
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Table 1: Trajectory of NSDI development in Pakistan

Period NSDI related Data Policy Technological | Users
activities Changes
2009-10 Organizational efforts | Pay for digital | Desktop GIS, Federal and
by SoP geospatial Server GIS and | provincial
data Geodatabase government
department,
NGOs and
academia
2011-12 Organizational and Pay for digital | Web mapping Federal and
isolated efforts by geospatial & Geoportal provincial
SoP & SUPARCO data provision government
through Local departments,
Area Network NGOs and
(LAN) academia
2013-14 Organizational and Pay for digital | Geoportal, Federal and
isolated efforts by geospatial participatory provincial
SoP, SUPARCO, data mapping, and government
Pakistan agricultural mobile departments,
research council applications private
(PARC) and Pakistan companies,
bureau of statistics NGOs and
(PBS) academia
2015- Institutional and Small scale Geoportal, Federal and
Present collaborative efforts base-maps participatory provincial
started. A national freely mapping, and government
coordination available for mobile departments,
committee formed for | download applications private
accelerating companies,
implementation of NGOs and
the NSDI. academia
2.2. Problem Identification

To identify the remaining challenges in implementing the NSDI for Pakistan,
various organizations were visited between 2014 and 2020, and a meeting of the
major stakeholders was arranged at the SoP on 3rd March 2020. All these
meetings ware used to interact and conduct semi-structured interviews of
representatives of major stakeholder organizations. The purposive sampling
technique was used in order to choose the representatives based on two criteria.
First, we identified interviewees with experience in geospatial disciplines. Second,

we selected those interviewees who were familiar with the NSDI and with

geospatial services. Our experiences made through publications, presentations

and discussions about the NSDI initiative over the last decade proved to be very

helpful in finding and approaching suitable candidates.

114




International Journal of Spatial Data Infrastructures Research, Vol.15, 110-142

A total of 20 representatives of the stakeholders were identified by us for interview:
10 working in public sector organizations, 7 for private sector organizations, and 3
from academic institutions. The selected interviewees have been performing
different roles in their organizations, including: an SDI coordinator at the federal
ministry, a GIS manager at the provincial government, a director of the GIS
software provider, an information technology (IT) expert at a web mapping
company, and an assistant professor at a university.

Before starting with the first part of the interview, profile information i.e. resumes
were collected. All the interviewees claimed to have knowledge and experience of
GIS as well as GIS projects of wide-ranging durations. 13 representatives
mentioned that they have practical GIS experience of more than ten years,
whereas 6 worked in GIS-related fields for five to eight years. Only 4 had less than
four years of experience. In terms of educational background, 3 interviewees held
doctoral degrees, and 10 held graduate degrees from a master’s program. The rest
held bachelor's degrees. More than half of the interviewees (15 representatives)
had studied geo-informatics, geography, or geodesy, whereas 2 were IT
graduates. The remaining 3 representatives had different educational backgrounds
such as forestry, electrical and electronics engineering.

In the second part of the interviews, the representatives were asked to express
their views on the NSDI development efforts in Pakistan, and the potential
problems facing the country. Most of them acknowledged that the NSDI-Pakistan
initiative is quite important and useful not only for the country, but also for their
organizations especially for enabling sharing of geospatial data. The NSDI would
facilitate to discover and exploit spatial datasets presently held by several public
sector organizations. However, some of the interviewees (Int7, Intl5, Int16, and
Int20) mentioned that the progress made so far is significantly slow because the
focus of efforts is on getting more financial resources from the federal government
rather than establishing partnerships, especially with the private sector and to give
access to the data assets locked by the government organizations. They were of
the opinion that the private sector can help to generate revenue by developing
various applications and location-based services making use of public sector
geospatial data.

The interviewees mentioned the problems related to the smooth implementation of
the NSDI in Pakistan based on their perspectives. The problems mentioned are
related to data, institution, technical, and human resource issues, as presented in
Figure 1.

Five of the representatives mentioned data related issues i.e. lack of digital
topographic data, high data cost and over restricted access to geospatial data. An
example was the non-availability of data related to administrative boundaries as
well as vector data of topographic map sheets on 1:50,000 scale (Int1, Int10, Int12,
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Int18, and Int20). The interviewees recognized the importance of topographic data
as the basis for integrating thematic information to carry out spatial planning as
well as analysis for supporting evidence-based decision making. Ten of the
representatives (Int 9, Int3-6, Intll, Int14, Int 15-17, and Int 19) mentioned
institutional issues i.e. lack of coordination mechanism, outdated map/ data policy,
stakeholders’ passive attitude, absence of data sharing policy, lack of incentives
for data sharing organizations, non-existence of partnerships, poor management
of the data and budget constraints.

Three representatives (Int2, Int7, and Int13) identified technical issues. They felt
that the internet speed in Pakistan is better than India but still no access network
and online geoportal has been made available by the government to share and
exchange geospatial data. According to (Ookla, 2019), Pakistan ranked at 116th
position with an average download speed of 13.55 Mbps whereas India lags behind
at 130th place with 10.63 Mbps which supports the above opinion.

Finally, seven representatives (Intl, Int2, Int5, Int7, Int8, Intl0, and Intl7)
mentioned human resource issues, specifically, the insufficient number of
government employees who have a formal education of the geospatial domain.
The views expressed by the representatives are in line with the recruitment policy
of some government organizations such as SoP, which is waiting for approval of
the revised recruitment policy since long and consequently is unable to give
employment to graduates of GIS and RS fields. The interviewees also mentioned
improper staff utilization due to strict transfer and posting policy of the federal
government which makes it difficult to achieve progress in the field of geospatial
sector especially of public sector organizations (Int1, Int7).
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Figure 1: Problems in NSDI implementation identified by the interviewees
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3. NSDI STAKEHOLDER ANALYSIS

From the challenges identified in the previous section, institutional issues demand
immediate attention. Most of the problems mentioned under institutional issues are
directly or indirectly related to stakeholders as “each stakeholder can have an
active or passive relationship with any activities or components in an SDI”(Cooper
et al., 2019). Therefore, for smooth NSDI implementation aiming at “improved
spatial data sharing based on stakeholder engagement requires thorough
identification of the actors involved and a good understanding of their motivations
and responsibilities” (Schindler et al., 2018).

In order to understand the root causes of the problems identified by the
interviewees to implement NSDI in Pakistan, we conducted a stakeholder analysis.
This study also analyzes the financial aspect to understand NSDI’'s budget
allocation.

3.1 Stakeholder Analysis

The NSDI stakeholder analysis framework follows a three-step process (Reed et
al., 2009): identifying stakeholders, categorizing stakeholders, and investigating
relationships. For identifying the relevant NSDI stakeholders, documentary
evidence, including legal documents, meeting records, and annual reports were
collected. The author’s involvement in Pakistan’s NSDI eased the process of
getting access to these documents. In addition, in-depth observation of the
geoportals developed by some organizations of the country informed this study.
For the categorization of stakeholders, the power-interest grid method was
adopted. It is prevalent for classifying stakeholders based on their power to
influence and their interest in a project (Ackermann & Eden, 2011; Reed et al.,
2009). The interests and influences of stakeholders were identified during
interviews, which were conducted for identification of NSDI implementation
problems.

Regardless of the benefits of classifying stakeholders, some limitations of the
employed method include a tendency to identify the “usual suspect” due to
absence of the stakeholders’ direct participation (Reed et al., 2009). To overcome
such biases we included four additional features that play important roles in NSDI
implementation: geospatial data provision, technological infrastructure, financial
resources, and human capacity. Any SDI is an important framework for sharing
geospatial data (Barik et al., 2019) and an SDI provides an environment in which
users can share and access the geospatial data (Tripathi et al., 2020) though the
web (Bucher et al., 2020). Therefore, geospatial data are the focal point of every
SDI initiative (Williamson et al.,, 2003). The delivery of geospatial data is
considered as a key variable in assessing NSDIs, especially in developing
countries (Eelderink et al., 2008). Access network which is a technological
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infrastructure is essentially required for gaining access to geospatial data, its
utilization and harvesting services from SDIs (Delgado Fernandez et al., 2008).
The availability of information is vital for implementation of an NSDI, especially to
ascertain the capability of each network node to discover and publish its data as
well as for connecting to a national geoportal. Budget or financial resources refer
to the sources of funding to implement an SDI, including the budget for data
management, institutional arrangements, and necessary software as well as
hardware (Delgado Ferndndez et al., 2008; Masser, 2019). Finally, human
resources and their capacity helps to assess the availability of trained and skilled
workforce of each stakeholder. Hendriks, Dessers, and van Hootegem (2012)
argue that the success of an NSDI is not only depended upon technological
components but also skilled human resources are crucial for its effective
implementation. Lance, Georgiadou, & Bregt, (2009) also underscore the important
role of trained personnel for smooth implementation of SDIs.

The final step investigates relationships among the stakeholders involved in the
implementation of the NSDI. An actor-linkage matrix was defined for listing and
describing these interrelations. We choose an actor-linkage matrix because of its
ability to assess institutional connections and to quantify the strengths or
weaknesses of each linkage in a system (Biggs & Matsaert, 2004). To determine
the relationships among the NSDI stakeholders, three indicators were defined:
existence of coordination, occurrence of partnerships, and availability of access
network for communication and data sharing. Coordination should be treated as
first priority when dealing with SDIs for sharing and exchange of geospatial data
(Masser, 2019). A lack of coordination is one of the major issues in SDIs
developments (Georgiadou et al., 2005; Gittings, 2005; Grus et al., 2007; Masser,
2005a; Nebert, 2004; Williamson et al., 2006). Therefore, any form of coordination
formal or informal related to geospatial data among stakeholders facilitates NSDI
implementation. The second indicator (partnerships) was used as an instrument to
measure stakeholders’ formal acceptance to contribute in implementation of the
NSDI. The third indicator is the existence of access network, which is used not only
for geospatial data sharing among stakeholders but also to discuss NSDI activities,
such as meeting plans. Making use of the identified number of interrelations, an
actor-linkage graph was developed. The graph portrays the link between the NSDI
stakeholders in the local context of Pakistan.

3.2 Identification of NSDI Stakeholders

There are various stakeholder groups that are involved in the implementing stage
of Pakistan’s NSDI. These include public sector organizations (such as federal
ministries and their departments, provincial government departments), private
companies and academic institutions. Examples of federal departments include
SUPARCO, SoP, Geological Survey of Pakistan, National Highway Authority
(NDMA) and National Disaster Management Authority (NDMA). Provincial
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departments (such as Urban Policy & Strategic Planning Sindh) are also involved.
Figure 2 shows the cross-sectorial representation of various stakeholders in
Pakistan’s NSDI.

Figure 2: NSDI stakeholders by type of organization

B Govt M Private company M Academia M Others

After analyzing the official documents of various organizations, we identified 14
stakeholders involved in Pakistan’s NSDI, as presented in the second column of
Table 2. 5 stakeholders are from public sector organizations. Each of these
organizations is responsible for producing geospatial data in accordance with its
mandate given by the government. For instance, the SoP, as the national mapping
agency, produces geospatial maps that include topographic layers to be used as
base map for integrating thematic information. The provincial governments are
responsible for developing data in their administrative areas. According to
information available on Pakistan’s official website
(http://www.pakistan.gov.pk/index.html), the federal government consists of 32
ministries and 74 ministries in the provincial governments. Under these ministries,
there is a long list of departments that consume geospatial information for their
functioning.
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3.3. Categorization of NSDI Stakeholders

All the identified stakeholders certainly have their own interests and power to
influence NSDI implementation. Power refers to the stakeholders’ capability to
arrange their own SDI (Putra et al.,, 2019). For example, national mapping
organization i.e. Survey of Pakistan has an interestin NSDI because SoP has been
mandated by the federal government to establish and maintain NSDI for the
country with the collaboration of stakeholders (GOP, 2014). SoP is therefore
considered more powerful due to Surveying and Mapping Act 2014. Bucher and
others (2020) also support this by stating that “[t|he implementation of INSPIRE
mainly relies on legally mandated organizations in member states, in charge of
providing spatial datasets and services, and in particular the National Mapping
Agencies (NMA)”. In its capacity, SoP being national mapping agency (NMA) has
devised and executing strategy for NSDI implementation but the due human,
technical and financial resources have not been provided yet by the federal
government however “with a limited amount of resources, it is not possible for an
NMA to invest in all technologies” (Bucher et al., 2020) related to NSDI
development. In contrast, rest of the stakeholders 7-13 is less powerful as they
are not explicity mandated by the regulation (see Table 2). They are considered
as stakeholders and users of NSDI with no responsibility to publish geospatial data
in the national geoportal. Based on the results of the conducted interviews and
examination of official documents, interest and power of each stakeholder is listed
in Table 2.

Generally, there are two types of geospatial data. The first is topographic data that
is used as base map and the second type is thematic data such as metrological
data that can also be used for several applications as well. For example,
metrological data can be used for agriculture as well as for investigating climate
change detection. Once both the data are collected and provided in an NSDI, these
can be used for many other purposes. In the context of this study, topographic data
is hereafter referred to basic geospatial data.

Table 2: Interest and power of NSDI stakeholders in Pakistan

No. Stakeholder Interest Power to influence
1. | Survey of Pakistan (SoP) | -Mandate to implement -Surveying and
NSDI Mapping Act, 2014
-Collect basic geospatial -Functions as a
data network node
) connector
-Publish base maps
-Setup national geoportal
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No. Stakeholder Interest Power to influence
2. | Ministry of Defence - Utilize geospatial data for | -SoP administratively
(MoD) border management works under MoD
-Act as NSDI users
3. | Planning Commission - Develop national public -Funding to public
(PC) policies for which sector institutions
topographic and thematic
datasets are needed - Act as NSDI users
4. | Federal Government -Collect basic geospatial -Provider of basic
and thematic data geospatial and
thematic data
- Integrate both the datasets
-Function as network
nodes
5. | Provincial Governments -Collect basic geospatial -Provider of basic
and thematic data geospatial and
thematic data
-Integrate data collected by
provincial departments -Function as network
nodes
6. District Governments -Collect thematic data -Provider of thematic
data
-Function as network
nodes
7. | Survey and Mapping -Collect basic geospatial -Act as NSDI users
Companies and thematic data
8. | Researchers -Utilize geospatial data -Act as NSDI users
9. | Non-Governmental -Collect thematic data -Act as NSDI users
Organizations - Seek basic geospatial
data for overlaying collected
thematic information
10. | GIS Application -Collect thematic data -Act as NSDI users
Developers -Develop GIS solutions
11. | GIS Software Providers -Provide software for -Act as NSDI users

geospatial data acquisition,
management and
dissemination
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No. Stakeholder Interest Power to influence

12. | Students - Utilize geospatial data -Act as NSDI users

-Access data & services

13. | Citizens -Access data & services -Act as NSDI users

Table 2 was used to develop a power-interest grid of NSDI stakeholders in
Pakistan (Figure 3). The grid divides the stakeholders into four categories i.e.
quadrants: “Key players”, “Context setters”, “Subjects”, and “Crowd”. In the right-
hand quadrant are the stakeholders who have the most interest in NSDI
implementation, but possess varying degrees of power to influence the initiative.
The “Key players” are positioned on top of the right-hand side. They are considered
to have more influence on the system, whereas: “Subjects” have less. The two left-
hand quadrants show the stakeholders with relatively less interest; the “Context
setters” may have a high degree of power, while the “Crowd” shows low power and
low interest in the system as well. In general, both “Key players” and the “Context
setters” are mainly from the public sector. The seven stakeholders with high
interest in NSDI, but with less power, are placed in the “Subjects” quadrant.
Citizens are considered as “Crowd” as they have relatively low interest and little
power to influence the NSDI implementation initiative.

In Figure 3, the four institutions mentioned as “Key players” (blue color) are, SoP
(1), federal government departments (4), provincial governments departments (5),
district government departments (6). Being custodians of authoritative geospatial
data, these stakeholders have a high interest in the data, such as the collection of
topographic and thematic data, preparation of topographic and thematic maps,
sharing topographic and thematic data, setting up national geoportal. SoP being a
lead organization for NSDI development has an additional role as the network
nodes connector, and its position is slightly higher than the positions of the other
stakeholders in this grid. All “key players” have more power to influence NSDI as
per mandates given by the federal government. After “Devolution of Power Plan”
by General Pervaiz Musharraf in January 2000 which was implemented in August
2001 (GOP, 2000), several sectors such as agriculture, health, education, revenue,
and transport are now a provincial subject in Pakistan. Therefore, provincial
governments collect data of their respective sectors, integrate it then share with
the federal government when required.
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Figure 3: Power-interest grid of NSDI stakeholders in Pakistan

A

High 0

Context Setters Key Players
Power
Erawd oe Subjects
Low

v

Low Interest High

More detailed data such as utilities lies with district governments. They collect the
data and handover to the provincial government. However, the federal government
is responsible for maintaining data at the national level, and therefore, their position
is above the positions of the provincial governments along the vertical hierarchy.
Similarly, the provincial government’s position is above district governments due
to the Devolution of Power Plan by General Pervaiz Musharraf 2000. The “Key
players” have strong influences on NSDI implementation since they provide the
geospatial data (Putra et al., 2019) and are responsible for setting up web services
used by other institutions.

The “Context setters” (in brown) affect NSDI operations but possess low interest.
The stakeholders in this group include Ministry of Defence (2), and Planning
Commission (3). Ministry of Defence (MoD) consume geospatial data for managing
international borders of the country. Planning Commission (PC) of Pakistan has a
high power to influence NSDI development due to two reasons. The first reason is,
PC is the apex body for national public policy making and NSDI comprises not only
technical components but also policies(Lance et al., 2006; Masser, 2005a, 2019).
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The second reason includes, PC provides funds to public sector institutions for
their development programmes and it is evident that initial injection of funds is
necessary for getting a large-scale geospatial system up (Rajabifard, 2019).
Unfortunately, the interest of the context setters is still limited in contributing to
NSDI development in the country.

There are six types of stakeholders under the category “Subjects” (in green) that
can be divided into private companies, academia, and NGOs. All of them have a
strong interest in collecting geospatial data and accessing the data services from
the geoportal, particularly students. Private companies have a role in geospatial
data acquisition and the development of GIS applications. Most private sector
institutions include survey and mapping companies (7), and they get surveying and
mapping related projects from local governments usually. With the implementation
of Surveying and Mapping Act 2014 (GOP, 2014), the private companies are
bound to get registered with the SoP and share one soft copy of their collected
data with SoP. Therefore, their position is relatively higher than GIS application
developer companies (10) and GIS software providers (11), because private
survey and mapping companies contribute to enriching the geospatial database for
the NSDI. Researchers (8), NGOs (9), and students (12) are at the same level of
interest and power.

The last category is “Crowd” (in red), which comprises citizens (13). They are
interested to access the national geoportal for exploring mapping products and
looking for topographic map layers such as administrative boundaries.

Although the power-interest grid has advantages (such as characterizing the
stakeholders according to their interests and influence), one of the limitations of
the power-interest grid is that it cannot identify the correlation between
stakeholders’ resources. In order to overcome this limitation, the NSDI stakeholder
diagram has been created. The diagram is based on the results of the
questionnaire surveys from the stakeholders.

Results of the questionnaire show that “Key players” including SoP and 60% of
the other federal government departments have topographic and thematic
geospatial data (see Figure 4). Their data can be integrated as SoP has already
defined the data standards. The institutions under the category of “Context setters”
i.e. Ministry of Defence and Planning Commission get data from SoP and then
incorporate their own collected data with it. Therefore, there is no issue of data
heterogeneity. Provincial and district governments have most of their geospatial
data in GIS formats. Among the “Subjects” stakeholders, private surveying and
mapping companies have topographic and thematic geospatial data. GIS
application developers, GIS software providers, NGOs, academia, and students
do not have authoritative geospatial data.
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Figure 4: Questionnaire results on data provision of the stakeholders
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As far as technological infrastructure is concerned, most of the “Key players” are
already equipped with the core infrastructure (see Figure 5). SoP, federal
government departments, and some provinces have developed geoportals and
setup data centers to organize and manage geospatial resources. However, some
districts especially in far-flung areas have a shortage of required resources, and
only 5% are capable of making data available through the web. The private sector
organizations, geospatial application developers, and providers of GIS software
have sufficient technology for publishing geospatial services.

Regarding human capacity, SoP and federal government departments have a
sufficient number of skilled personnel (see Figure 6). SoP, being the national
mapping organization responsible for geospatial data development, has more than
1300 employees with a background in geography, civil engineering,
geoinformatics, computer science, and geodesy. Most federal government
departments have more than 10 employees available. Private companies typically
have sufficient human resources, too. The insufficient number of GIS personnel
exists in most other NSDI stakeholders, including provinces, districts and ministry
of defence (MoD) and planning commission (PC).
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Figure 5: Questionnaire results on technological infrastructure
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Figure 6: Questionnaire results on human capacity
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The results of the questionnaire show that financial resources are one of the core
issues faced by SoP and other federal departments (see Figure 7). A similar
situation exists at the provincial and district level departments.
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Figure 7: Questionnaire results on financial resources
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Table 4 has been prepared to show the four NSDI features of stakeholder
capabilities, with in-depth indicators presented on a five-point Likert scale. The
indicators were extracted from the questionnaire in order to determine each
stakeholder’s capabilities to implement NSDI in their organization.

Table 4. NSDI determinants and their indicators used in the questionnaire

NSDI Determinants Indicators

Geospatial data provision | 1 = No geospatial data available

2 = Non-GIS data format available

3 = Basic geospatial data available

4 = Basic and thematic data available

5 = All of the above, and the data conform with the
national catalogue

Technological 1 = No GIS software/hardware and internet
Infrastructure ) )
2 = GIS software or internet available

3 = GIS software/hardware and internet

available
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NSDI Determinants Indicators

4 = GIS software/hardware, GIS server, and
internet available
5 = All of the above, and the geoportal and

dedicated data center available

Financial Resources 1 = No budget for data provision and dissemination
2 = Incidental (non-routine) budget

3 = Small annual budget

4 = Medium annual budget

5 = Large annual budget

Human Capacity 1 = No GIS workers available

2 = Small number of GIS workers available (1-5 people)
3 = Several GIS workers available (6—10 people)

4 = Large number of GIS workers available (>10 people)

5 = Large number of professional GIS workers available

Table 5 shows the average values of the four NSDI features calculated from the
guestionnaire.

Table 5: Average values of four NSDI features calculated from the questionnaire

No. Stakeholder Data Technological | Human | Financial
Provision Infrastructure | Capacity | Resource

1. Survey of Pakistan 5.0 5.0 5.0 5.0
(SoP)

2. Ministry of Defence 1.6 1.8 14 25
(MoD)

3. Planning Commission | 2.0 2.0 2.0 3.0
(PC)

4, Federal Government 3.6 3.7 35 4.0

5. Provincial 2.2 25 2.1 2.6
Governments

6. District Governments 3.0 15 1.8 1.7

7. Survey and Mapping 3.0 4.0 4.0 3.0
Companies
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No. Stakeholder Data Technological | Human | Financial
Provision Infrastructure | Capacity | Resource

8. Researchers 3.0 3.0 3.0 2.0

9. Non-Governmental 3.0 3.0 2.0 25
Organizations

10. | GIS Application 3.0 3.0 2.0 2.0
Developers

11. | GIS Software 3.0 3.0 2.0 2.0
Providers

12. | Students 3.0 3.0 2.0 2.0

13. | Citizens 1.0 1.0 1.0 1.0

Based on the questionnaire results, we calculated the average value of NSDI
features using a five-point Likert scale as shown above. Based on calculation
results, the NSDI stakeholder diagram was created to visualize the connotation
between stakeholders’ power and interest with their existing features (Figure 8).
The diagram axes represent availability of the stakeholder’s current resources. The
four quadrants of the power-interest grid are also visible in the figure.

In Figure 8, the “Key players” quadrant shows that only SoP (1) and federal
government departments (4) have adequate resources. Whereas the other two
players though have strong interest and influence but their problem is the
limitations of required resources. For example, provincial government departments
(5) are supported by data provision and technological infrastructure but they lack
in terms of human capacity. The district government departments (6) are facing
shortage of skilled staff, technical resources, and financial support, due to which
their contribution towards NSDI is passive.

The “Context setters” quadrant shows that Ministry of Defence (2) has limited NSDI
like features, as they only scored 2.0 for most indicators, while Planning
Commission (3) has good support in terms of data availability and trained
personnel.

The “Subjects” quadrant shows six stakeholders clustered into three groups. The
private companies carrying out surveying and mapping activities (7), GIS
application developers (10), and GIS software providers (11) share the same
capabilities. Researchers (8), NGOs (9), and students (12) face restrictions in labor
and financial resources.
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Figure 8: National spatial data infrastructure stakeholder diagram
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3.4. Relationships of NSDI Stakeholders

To explore and quantify the interrelationship among NSDI stakeholders of
Pakistan, an action-linkage matrix was created. The number of connections among
all the stakeholders are listed in Table 3. The values were determined from official
documents such as minutes of meetings, memorandum of understanding (MoU)
and post visit reports. It appears that most strong connections are dominated by
the SoP followed by private survey companies. Strong relations also exist between
federal government departments and SoP. Relatively weak collaboration between
federal government departments and the local government in terms of geospatial
information usage has been noted. Planning commission maintains strong
cooperation with SoP. NGOs, researchers, students, and citizens have relatively
weak connections with other stakeholders as shown in Table 6.
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Table 6: Number of connections among NSDI stakeholders in Pakistan

No. Stakeholder Connections
1. Survey of Pakistan (SoP) 5 strong, 3 weak
2. Ministry of Defence (MoD) 2 strong, 4 weak
3. Planning Commission (PC) 3 strong, 4 weak
4, Federal Government 3 strong, 4 weak
5. Provincial Governments 1 strong
"6. District Governments 1 strong, 2 weak
7. Survey Companies 4 strong, 1 weak
8. Researchers 4 weak
9. Non-Governmental Organizations 1 weak
10. GIS Application Developers 3 weak
11. GIS Software Providers 2 weak
12. Students 1 weak
13. Citizens 1 weak

4. DISCUSSION

This study evaluated the NSDI development in Pakistan using stakeholder analysis
as the framework for assessment. The NSDI initiative follows a top-down approach
as it started with Surveying and Mapping Act 2014(GOP, 2014) by the federal
government. That is why most of the key stakeholders belong to the public sector.
However, they have dual responsibility, i.e. as data providers and data users. Other
characteristics noted are solo organizational efforts by some of the major
stakeholders from 2010 to 2014, the non-existence of a formal NSDI coordination
agency from the beginning till 2015 and limited skilled human and financial
resources as the major constraints.

Indeed, the Surveying and Mapping Act 2014 is a legal formwork for Pakistan’s
NSDI, but six years after the involvement of all the major stakeholders and their
active contribution in NSDI development is still slow. It has been observed that a
large number of data providers are not sharing their datasets consequently
duplication in the collection of geospatial data is going on. The reasons for non-
sharing of geospatial data include issues related to data, institutional, technical and
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human resources issues. As evident from NSDI stakeholder diagram, only SoP
and some federal government departments have resources for managing the
geospatial data, its sharing and dissemination. However, the interest of most of the
federal government departments in the NSDI is not visible. On the other hand,
provincial and district governments are still constrained by technological
infrastructure and human resources. The interest of Ministry of Defence and
Planning Commission is considered low due to budgetary constraints. It is
therefore, necessary to analyze this situation so that recommendations can be
given to the government for improvement of the situation.

The collaboration of the stakeholders in an SDI environment was examined by prior
research from a motivational perspective (Castelein & Bregt, 2013) and
organizational perspective (Van Loenen & Van Rij, 2008). However, an analysis of
their interrelationships was not conducted. To fill this research gap we use an NSDI
actor-linkage graph to explore the connection patterns of the “Key players”
(government agencies and other stakeholders). SoP, as the coordinating body, has
made sincere efforts to establish strong relationships with authoritative data
providers, such as federal government departments and some local government
departments. However, coordination with the private sector is still limited to the
registration of firms carrying out surveying and mapping projects. At present, it
appears that not even a single private company is producing geospatial data
directly for the NSDI. Such non-existence of private companies producing
geospatial data for NSDIs has also been noted in some developing countries,
including South Africa, Namibia, Ghana (Sinvula et al., 2017). Also, the
coordination among data providers and GIS application developers is significantly
low. To fulfill the demands of NSDI users, coordination of public and private
institutions should improve (Masser, 2005a; 2005b; Hennig, 2011). Thus, the
government should consider giving incentives to the private sector.

Without the appropriate funding, NSDIs cannot metalize. The provision of financial
resources in the beginning of NSDI developments especially rests with the federal
government. It seems close to impossible to implement NSDI with traditional
budget allocations, where the budget for NSDI development is mostly allocated to
improve the availability and accessibility of geospatial data. Once implemented,
NSDI would help to save public money and other resources (Asmat & Munir, 2012),
and users would not have spent much time searching for required data and to
obtain it.

The findings of this study help to identify the strengths, weaknesses, opportunities,
and threats (SWOT) of the NSDI implementation in Pakistan. Such a SWOT
analysis is a helpful tool in matching an organization’s resources and defining
future strategic directions (Gurel, 2017).
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Strengths:

1. The national geoportal was developed and deployed on Local Area
Network (LAN) of SoP in 2013 (de Vries & Asmat, 2016) as the key product
of NSDI development. However, due to financial constraints and lack of
interest of the stakeholders the portal was not floated on the Web.
Presently, the portal facilitates the sharing and exchange of geospatial
information being produced by various directorates of SoP.

2. Surveying and Mapping Act was established in 2014 as the legal foundation
of NSDI development. The law has been reinforced by Surveying and
Mapping Rules 2015(GOP, 2015). These regulations act as an umbrella for
the NSDI initiative in the country.

3. National standards regarding metadata, data production and data quality
are already implemented by SoP (Asmat & Munir, 2012). The same are
under implementation by the stakeholders for a long time.

4. Government of Pakistan (GOP) is well aware of the benefits associated
with geospatial information. On 11th March 2020, GOP with the help of
World Bank has launched Data 4 Pakistan portal
(http://datadpakistan.com/) which is the first initiative of its kind in Pakistan
providing free access to a spatial interactive portal that has poverty
estimates for every district in Pakistan. Similarly, two years ago, on 22nd
May 2018, GOP approved Digital Pakistan Policy (GOP, 2018) which
includes revamping Geographical Information Systems (GIS) for Pakistan
to monitor the environment and plan sustainable agriculture. The E-
government program launched in 2003 also included GIS for Agriculture,
Natural Resources & Urban Property of Pakistan, Mapping & Database of
National Cartographic data (Asmat, 2008). Therefore, geospatial
information has been regarded since long as a valuable resource for
national planning, socio-economic development, and prosperity of the
country.

Weaknesses:

1. The participation of institutions in the NSDI network is low. According to the
stakeholder analysis, SoP and some federal government departments are
active participants. Provincial and district governments are impeded due to
lack of available resources, whereas the private sector is hampered by their
limited role in NSDI implementation.

2. There are insufficient human resources with ICT skills (GOP, 2018) and in
the SDI related field(de Vries & Asmat, 2016). Transfer/posting policy
especially of trained manpower also one of the weaknesses that hampers
the smooth implementation of the NSDI as mentioned by the departmental
representatives during interviews. Also employing non-GIS personnel on
spatial assignments creates problems.
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3. Available large-scale basic geospatial data are incomplete. The available
data are mostly in medium-scale (1:50,000) due to which provincial and
district governments face difficulties in conducting urban planning and land
management.

4. Though the legal foundations have been established, an unanimously
accepted NSDI implementation strategy has not yet been prepared. The
strategy is important as it provides visions, action plans, and time
management for the implementation. The absence of this strategy may
cause delay in the implementation of the initiative.

Opportunities:

1. Presently, data4pakistan portal lacks multiple datasets, such as
environment, irrigation network and cadaster. The data that has been used
is highly aggregated whereas for implementing development plans,
detailed geospatial information is needed. Therefore, it is an opportunity to
leverage NSDI data and services.

2. Due to easy access to the Internet, people are now more aware of
geospatial information in almost every society. They are using geospatial-
related applications to order online transportation (e.g., Careem) or food
delivery service (e.g., Food panda). These applications require readily
available geo- information as a service. Therefore, it is an opportunity to
leverage NSDI data and services.

3. As stated in Digital Pakistan Policy (GOP, 2018), the development of
agriculture sector is on the political agenda. GIS for agriculture would
require multiple datasets such as integrated water resources, irrigation
network, soil and metrological data. These datasets once placed in NSDI
would serve the purpose mentioned by GOP but can be used for several
other sectors.

Threats:

1. Many stakeholders consider the Internet and ICT infrastructures to be a
barrier rather than opportunity due to the reliability of the internet for
publishing geospatial data and communicating with the national geoportal.

2. Misuse of data, fear of losing ownership, and lack of incentives for sharing
data were identified as the major concerns by the interviewees that impede
sharing of geospatial data among NSDI institutions.

3. Lack of dedicated funding for implementing NSDI exists in almost all
government departments. Without dedicated and smooth funding, NSDI
implementation would fail to achieve its overriding objective i.e. sharing of
geospatial data. Therefore, GOP should inject money to implement the
initiative as financial support from the private sector is unreliable.
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5. CONCLUSIONS AND RECOMMENDATIONS

This study identified the evolution of NSDI in Pakistan since 2010. The initiative
was developed over four periods between 2010 and 2020 - influenced by the
technological changes in geospatial data management. Despite support from
leaders and the existence of legal instruments for NSDI development, stakeholders
still face considerable challenges. The major obstacles are related to limitations in
technical resources, financial support, and skilled workforce, which result in low
participation in the NSDI network. Lack of partnerships as well as incentives for
geospatial data sharing organizations hamper implementation of NSDI in the
country, too.

An NSDI stakeholder diagram and an NSDI actor-linkage graph were created to
explore the interrelationships of the stakeholders. These tools were found helpful
in evaluating NSDI development in Pakistan. Application of the NSDI stakeholder
diagram helped to distinguish and categorize the stakeholders accord to their
interests, influence, and capacity. These tools can be valuable additions to the
current framework for NSDI assessment.

This study suggests several guidelines as the way forward for the smooth
implementation of NSDI based on the presented SWOT analysis:

e First, the recently formed NSDI coordinating committee should prepare a
comprehensive document defining role of every stakeholder involved in the
implementation of the NSDI initiative. This would help in tackling
institutional, technical and resource limitation problems presently being
faced by the stakeholders. The top-down approach will work well as it can
help to get a commitment from top-level executives that can be instrumental
in minimizing inter-agency conflicts, especially among the public sector
organizations and improving interactions among the network nodes.

e Second, it is important to describe the NSDI objectives, deliverables, and
action plans in a detailed manner. The detailed guidelines need to be
prepared and shared among all the stakeholders to manage and share
geospatial data in the distributed environment. An NSDI implementation
strategy with key performance indicators (KPIs) including design elements
of the NSDI is required for guidance of the stakeholders. Monitoring and
Evaluation (M&E) is essential for the success of every project. Therefore,
a M&E committee is also required to ensure promised outcomes of the
NSDI.

¢ Finally, NSDIs cannot be implemented without continuous support from all

levels of governments. Present government has taken many key initiatives
such as the launch of datadpakistan portal(http://data4pakistan.com/), Digital
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Pakistan initiative and Digital Pakistan Policy 2018(GOP, 2018). Geospatial
information will serve as fundamental framework data to achieve objectives
of the initiatives recently taken by the GOP. Therefore, GOP should take
ownership of the NSDI development as it has been observed that the due
role of GOP is less visible. It is also necessary to have a platform such as
Planning Commission that can stimulate active interactions among
stakeholders of the NSDI.
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