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t NEBFIF OS

Applied Geoinformatics for Society and Environm@BSE) series of conferences and summer workshops
started in 2008 in Trivandrum, initiated by the initiativestof Pradeepkumar (University of Kerala) and of the

Alumni Representative of Stuttgart University of Applied Sciences, Dr.-Foang Behr. After the successful
follow-up conferences in Stuttgart (Germany, 2009), Arequipa (Peru, 2010), Nairobi (Kenya Jabbdt Bahru

(Malaysia 2012), Ahmedabad (India, 2013), again Stuttgart (2014), on Kish Island (Iran, 2017), Windhoek
(Namibia 2018and again Stuttgart (2019)KTS O2y FSNBy OS A a Of2aSte NBflIGSR
Photogrammetry and Geoinformas which started with the first batch 2lyears ago, meanwhile there is a

global network of about 500 alumni graduated from the program. Since its beginning, the course is supported

by the German Academic Exchange Service (DAAD) in its program for Develimtaded Postgraduate

Courses (EPOS).

Also AGSE 2024 incorporated into the DAAD supported alumni work of the University of Applied Sciences
Stuttgart. Therefore, participants from many countries worldwide contribute with experiences from their home
countries.

With the wide topic Geospatial Technology in Times of Global Challéntfes summer school aims at
contributions of Earth Observation and Volunteered Geographic Information (VGI) for data collection and
information provision. The support of fiable, accessible, interoperable and reusable (FAIR) data by Spatial
Data Infrastructures (SDIs) and collaborative data custodianship is another focus.

The concept includes invited talks by international experts in combination with presentations bypzentscin

the mornings and workshops in the afternoons on topics related to technological developments and recent
data provision by Earth Observation Systems.

The objective of the conference is to 'take the benefits of geographic information technolmgi@swide
canvas of applicable areas'. Since 2008qwgeientists, practitioners, students and alungnéontinue this path
to empower one another in a participative way.

We wish this event a successful exchange of knowledge crossing borders and disciplin

Prof. Dr. Dietrich Schroder Prof. Dr. Frandosef Behr

AGSE 2021 ! 0 & éntlBubniissions 7



Dear national and international participants
Good afternoon and Namaste

I am honored and privileged to welcome all of you in this three days AGSE 2021 conference {Nov. 24,

2021) at Katmandu University, Nepal organized by the Department of Geomatics Engineering, and the
Geospatial Department of Stuttgart University of Applied Sciences, Stuttgart, Germaosgacozed by the
Laboratory for interoperable, and opesouce Geospatial Software, Data and Standards (HFDEZ2ed ab).

The theme of the AGSE 2021 conference is Geospatial Technology in Times of Global Challenges. The
conference will be organized in hybrid mode. | would also share the information that AGSEdT&rence

was organized by Stuttgart University of Applied Sciences with the theme: Digital Landscapes: Chances for
Development.

In this conference, we have opening ceremony followed by cultural program performed by Department of
Music, Kathmandu Univsity in a category of Newar Drum Ensemble, Nepali Folk Tunes and Classical Vocal
Music and closing ceremony.

Similarly, there are six keynote sessions, two parallel technical sessions with thirty six presentations in a
category of National mapping and iiatructure, Sustainability and natural resources, UAV, photogrammetry
and Remote sensing, Sustainability, Environment and disaster management, open source, land use and
management, four different workshops, young scientists session, and alumni sessloprafessional
development. In the Alumni Session(s) international alumni will share their experiences after leaving their
German University.

| take this opportunity to express my heartfelt thanks to the organizing committee, officials from Kathmandu
Univesity and Land Management Training center (LMTC), faculties and officials from Stuttgart University of
Applied Sciences, international advisory board, all national and international participants and funding agency
German Academic Exchange Service (DAADyiftying the conference at this level.

| believe that the conference will be very successful in bringing the enthusiastic Geospatial communities
together for sharing their skills, knowledge and experiences in the theme of the conference: Geospatial
Techology in Times of Global Challenges and also open the doors for further collaborations in academic and
research activities of Geoinformation domain.

Once again, welcome to all of you in the AGSE 2021 conference.
Thank you!

Dr. Subash Ghimire

Assistanh Professor and Acting Head of Department

Department of Geomatics Engineering,

School of Engineering,
Kathmandu University
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Addressing Climate Change through Participatory Mapping in Rural
Tajikistan

Kelly Green, Alison Lenaerts

8CARTONG, Tajikistak_green@cartong.org
PCARTONG, Franca_lenaerts@cartong.org

Keywords:Participatory mappingOpendata, Climate changeCommunity empowerment

ABSTRACT

How technology and communitpased approache support climate change adaptation efforts in rural
Tajikistan? Effective climate change adaptation involves taking into account the views and local expertise of
local communities, who usually have a lalegm experience of disaster risks mitigation anesitience
strategies. Therefore, this session will discuss building a strong national OSM community and engagement of
rural communities in the process of collecting climate change related specific objects, creating maps and
sharing ideas around subjectimeapping, in order to help designing, implementing and guaranteeing successful
climate change adaptation measures.
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Digital Participatory Method for Environmental Justice Research:
Lessons Learned from Adapting and Piloting DASEIhtept in the
Context of the Global SouthNepal

Rehana ShrestfiaKlaus TelkmarinGabriele Bolte Reshma ShresthaPramesh KofBiraj Karmacharya

aUniversitat Bremen, Institut fir Public Health und Pflegeforschung, Germany
bKathmandu University, School of Engineeridgpal
‘Kathmandu University, School of Medicines, Nepal

Email:rehana@unibremen.de
Keywords Environmental justice, Smartphone, GPS, digital participatory, EMA

ABSTRACT

1. Introduction

Environmental risk facts pose a huge public health challenge in cities. According to WHO, 24% of the global
disease burden and 23% of all deaths are attributable to environmental factors {B'stigs & Corvalan, 2006).

These risk factors include for example, exposures to potiudnd chemicals (air, water, soil, products), physical

exposures (noise, radiation), the built environment (buildings, land use, infrastructure) that may result in
adverse effects on public health (Prddstin et al., 2017). Viewed from the environmeritatice perspective,

it is now commonly understood that much of the burden of environmental ill health falls disproportionately on
socioeconomically disadvantaged people (Alvarez & Evans, 2020). Moreover, increasing evidence suggests that
socioeconomical disadvantaged people from poorer nations are often exposed to higher levels of
environmental stress (Hajat et al., 2015). Some of the reasons suggested are rapid, haphazard urbanization and
motorization happening in the cities of the Global South pamweth a lack of environmental management,

which in turn is strengthening the gap among the social groups with regards to environmental exposures and

thus contributing to global health inequalities.

Environmental justice is generally analysed by assesgin@lsinequalities in exposure to environmental

burdens and resources and whether this is the result of unequal participation in the denisking process.

By analysing objective data from a stationary station or mobile sensor or via a questionnaeg @devet al.,

2017; Xie et al., 2017) researchers decide whether or not the identified inequalities present cases of injustice.

1 OO0dzydzf F iAy3d SOARSYOS y26 AYyRAOIGSE GKFG AYRAGARdzZ f ac
in numerous vays such as stress reactivity, coping and may affect in numerous measures-oéiwglsuch as

life satisfaction, positive mood, anxiety, depression and general distress (Lucas et al., 2008). However,
environment justice research to date has given lith&tention to perceived fairness of environmental

exposures as experienced by the individuals.

Increasing use of a smartphone is now providing new avenue in environmental justice research. The use of
Y20AES FLIJA A& SyNROKAY Bxpasies tolvatidu$ ansirgrngnial faters ik thétrA O A R dzl
fAOAY3 SY@GANRBYYSylid . & SYOSRRAYy3I aSyaz2zNB Ay AYRAGARC
environmental exposure at the individual level. Global Positioning System (GPS) technology integnabst

of the smartphones has given further possibility to assess exposure at higher temporal, spatial and
geographical scale (Caplin et al.,, 2019). In addition to this passive participatory sepgirgach where

individuals carry sensors that automatily collect location and data of exposures where they go, mobile
LIK2ySa NB Ffaz2 ONBIFGAY 3 2LIJ2 NI owividiak Saa degide Nd tHeiy dwh @A R dzl f
to report their exposure. Nonetheless, to the best of our knowledge the iegisapproaches have not

considered explicit recording of the subjective evaluation regarding the fairness of their exposures. Moreover,
scholarly discourse in social inequalities in environmental exposure has generally focussed on cities in the
Global Norh, and there is relatively less research assessing environmental exposure within cities in the Global
{2dziK O2yGSEG 61 te2ld SG todx wnmpT {KF2 SiG | fdZ HAHMC
ability to cope and sensitivity may rther influence how one perceives environment and its subjective
evaluation across time and space (Liu et al., 2021; Ma et al., 2017). This suggests the need to account for both
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within- and between person variation in the rating of environmental exposueesl judgement of fairness

To address this gap, the project Digital Assessment of Subjective Environmental Exposure and Environmental
Injustice (DASEIN) was piloted in Bremen city, Germany. This study extends it to the context of Nepal, in the
Global Soth context and reports on the feasibility of digital methods in order to participatorily record
subjective environmental exposure of individuals and their perceived fairness of such exposures. In doing so,
the study reports on adherence and compliance aftjgipants in the study, captures perceived environmental
exposures and perceived fairness of justice among the participants, assesses beaaweeavithin participants
variation and eventually presents lessons learned in developing and implementing ligigtzabled
participatory approach for environmental justice research in the context of the Global South.

2. Method

We adopted smartphondased Ecological Momentary Assessment (EMA) with GPS functionality as a method
in our digitally enabled participatoryparoach which was operationalized through MovisensXS app. The app
consisted of questions addressing type and sources of environmental exposures and their locations, subjective
concerns and subjective perceptions towards fairness of exposures, momentargl, Hil@osatisfaction and
perceived health status. These questions were also asked at the beginning and end of the study as pre and post
questionnaire. Participants for the study were recruited from the Kathmandu University in Nepal:tA-one

online meeing for approximately 1 hour was set up with each individual who signed the consent form. During
the meeting participants were provided with the link to install the MovisensXS app programmed with the study
specific questionnaires in their own smartphongéach individual participated in the study for 28 days.
Descriptive analysis was used to assess the adherence and compliance of the study and their perceived
exposures and perceived effectiveness of justice. We used linear mixed models to assess themwithin
between person variation.

3. Results

The study enrolled 23 participants and had a 95.6% (22/23) retention rate at 28 days. High adherence was
observed to submitting locations of their exposures as compared to submitting images of such exposures.
There wa considerable variability among participants across various aspects of adherence. While participants
felt exposed on an average of 19 days of participation, they did not report being exposed every day except for
one participant who indicated exposure eyeday. Moreover, one participant indicated not being aware of
environmental exposure most of the time and therefore reported exposures only twice over 28 days. Variability
among the participants was found high with regards to number ofregbrted eventsof exposures and in
number of images submitted. Although air pollution and environmental pollutants were perceived by all the
participants in their municipality, relatively higher frequency of exposures was reported for noise pollution
especially causedybroad traffic noise. Out of various sources of exposures, litter or rubbish on the streets
were reported by all in their respective municipality and was also reported frequently over 28 days.

Most of the reported noise pollution and environmental pollnta were perceived to have bearable effects on
more than 50% of participants whereas strong adverse effects were perceived towards most of the air
pollution, odour and built environmental factors related exposures by more than 50% of participants. On the
other hand, most of these exposures were perceived to affecting oneself equally as others. Yet, in few events
of exposures almost half of the participants perceived that the exposures were affecting oneself more than
others except for built environmental leted factors. When compared to others, more than half of the
participants judged their exposures to all environmental types to be either fair or they perceived them
neutrally. Nonetheless, unfairness in exposures was perceived by the majority of pautscipaconsiderable
events of air pollution. On the contrary, all types of environmental factors were perceived to be distributed
either unfairly orrated neutrally. Moreover, slightly higher events of noise and air pollution were perceived to
be unfairlydistributed. These subjective ratings are found to differ within and between individuals as assessed
by the intraclass correlation coefficient.

4. Conclusion

We explored the feasibility of employing a digitally enabled participatory method to record perceived
exposures of individuals and their subjective perception of fairness of those exposures. We obtained high rates
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of study retention and adherence response, nonetheless adherence response found to vary among individuals.

Our results suggest that the digitlenabled participatory method is feasible for identifying multiple types and
d2dz2NOSa 2F SYy@ANRBYYSyidlft o0dz2NRSya GKIG AYRAGARdzZ fa I+ NE
justice perception varies within and between individuals, blgoasubstantially depending on the types of
environmental exposures.

Several opportunities and challenges were encountered while conducting thenomé¢h long study from

which lessons can be learned regarding 1) technology related challenges and neegarti@pants

involvement, retention, study duration and coping with uncertainties, and 3) digitally enabled participatory
method for environmental justice. Enabling participants to use their own smartphone, which was indicated to

be essential, was founaésible. Nonetheless, it is necessary to recognize early on the challenges pertaining to

use of variety of mobile phone models as well as -strdy related use of personal smartphones, thereby

devise ways to circumvent such challenges. Our experience sisghat uncertainties are inevitable for such a
f2y3IAddzRAY It aiGdzRe |a aiddzRé RS&A3IAY FyR GAYAYy3d Yle 02
study design to be flexible enough to accommodate such uncertainties. Regarding the tioplichthe

method to environmental justice study, our learning suggests that the method allows to consider multiple
3S23aANF LKAO O2y(iSEG& 2F AYRADARIZ fa4Q SOSNERIFE fAQSE o
G§KS AYRAGA R dzof lizned thik dndadminikstiatie Hodndary of the municipality, which may
contradict the municipal planning operating within a fixed jurisdiction. Nonetheless, this study informed us of

the necessary steps to using digital participatory method and tements to ensure participant involvement.
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ExtremeWeather Events in Kerala, India: &ientometric Analysis
of DisasterResponse

A.P.Pradeepkumaand V.R.Renijith

aDept of Geology, University of Kerala, Trivandrum, Ingeo.pradeep@gmail.com
bDept of History, University of Kerala, Trivandrum, Iadémjithliber@gmail.com

Keywords Extreme weather events, Disaster response, Kerala, India, Scientometrics

ABSTRACT

Extreme weather events are on the rise, and nations often functioning at a sedate pace are overwhelmed,
especially those which have littlexjgerience with such events. Examples are Germany and Belgium recently,
and Kerala in India in 2018 to 2021. The responses to such events need to be documented and the research
that culls from such events could be pointers to the lessons learnt from thatgvand the way forward.
Scientometric assessment often gives a holistic picture of the progress in the science of extreme events and
responses. The paper will examine the key areas of research, the key papers, the most influential scientists and
the mostproductive research organizations in this area of research-viz the floods in Kerala, India. A spatial
analysis of the research will reveal the correlation between disasters and the geographic location of these.
Extreme weather events have multipliéd recent years, and the phenomenon has been experienced all over
the Earth. No place is exempt from this. Kerala, in India experienced devastating rains in 2018, and the
subsequent years also experienced severe rain fall, flooding and deaths. Germacdly,deks not have a

recent record of extreme rain events, was overwhelmed by flash floods across the country. The question of
how these events are reflected in research literature is examined in this paper, mostly based on data retrieved
from the SCOPUSd o aS o6& (KS -ABSKEW@®EXem& AND[weathér IANL e¥ents AND kerala)
OR TITLEBSKEY (flood AND kerala) OR TIABEKEY (disaster AND kerala and weather)) There has been a
spurt in publications pos2018 floods in Kerala (kigg. 1A). The key organizations that have spearheaded
research in the area of extreme weather events and disaster responses are the IIT Bombay, Amrita
University and University of Kerala (lifig 1B), keyword map makes it clear that over the years there has been

a shif in thrust areas from pollutiomelated topics to disasterelated ones, with DST sponsoring many studies
(Figire 1C,D).

Documents by year

100
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—

Figure ASpurt in publications pog2018 floods in Kerala, India
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TopographidMapping with Unmanned Aerial Vehicles for Flood
HazardModelling

Dennis T. Gitundu

anstitute of Geomatics, GIS & Remote Sensing (IGGReS), Dedan Kimathi University of Technology,
Kenya dennis.gitundu@dkut.ac.ke

Keywords:DEM Orthomosaic, RMSE, UAV mapping

ABSTRACT

Topographic information is widely used in the field of water resources management. In flood risk modeling, for
example, topographic data is used for both hydrological process understanding and scenario anedysig E

the representation of topography affect the accuracy of topographic features such as stream networks and
subsequently their use in regulatory applications. Lower quality topographic information also affects simulation
results such as exaggeratitite flood extents during flood hazard mapping. The staft¢he-art for obtaining
topographic data at the required scales for detailed hydrologic and hydraulic modeling include LiDAR, remote
sensing satellites, manned aircrafts and unmanned aerial vehjtla¥s). These methods can be used in a
complementary manner or individually with their suitability varying from one application to another. The aim

of this research was to use a UAV to survey a small catchment and to generate quality topographic data that
would be used in subsequent flood hazard and vulnerability mapping. To achieve this, a detailed flight plan was
created to ensure that the sections of Narok town that are prone to flash floods, were fully surveyed. The UAV
images were processed to derigedense point cloud, a 10cm orthomosaic and 50cm Digital Elevation Model
(DEM). Their absolute accuracy was tested using Root Mean Square Error. This was achieved by comparing
reference ground control points and their corresponding image coordinates. dtieveed horizontal accuracy

was 2.9m at 95% confidence interval. The vertical accuracy of the DEM was tested by comparing the reference
ground control points and their corresponding image elevation values derived from the DEM. The achieved
vertical accurag was 1.82m at 95% confidence interval. In addition, stream centerlines were modeled from the
DEM and building footprints derived from the orthomosaic through a segmentation process. These datasets
were used in subsequent hydraulic analysis of the floahprNarok town.
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Geospatiallnvestigation intoLandscapelevel Changes innvasibility

N P Soordf, R Jaishankef, Ammini Joseph

aCochin University of Science and Technology, Ga2hikerala, India
bIndian Institute & Information Technology and Managemeférala, Thiruvananthapuram, India
‘Kerala University of Digital Sciences, Innovation and Technology, Thiruvananthapuram, India

Keywords:Landusedynamics, Planinvasion, Geospatianalysis, Protectedrea

ABSTRET

Humaninduced land alteration is one of the major drivers of global environmental change. Endless human
demands owing to the demographic expansion intensify this land transformation that result in the replacement
of natural vegetation and other inheredénd uses. Consequently, many of the terrestrial ecosystems in the
world are under the threat of land use change. In the wake of these unconstrained human interventions, the
establishment of protected areas (PA) has been widely accepted conservation mmessureduce
anthropogenic pressure and further environmental degradation. PAs are meant to protect biodiversity and
natural ecosystems (Boucher et al., 2013). However, studies on the effectiveness of PAs revealed that many of
them face various threats (Bglze et al., 2018) including fragmentation, habitat loss, isolation of natural
ecosystems, invasion of alien species etc. Mostly the human pressure in a PA emnates from its adjoining areas
the anthropogenic matrix (Pauchard, 201&hich is often compogstkof humanmodified land uses.

The present study focused on the spatio temporal dynamics of the landscape within an anthropogenic matrix
adjacent to a protected area in Southern Western Ghats, Kerala, India with specific reference to understand
changes inlandscape level invasiability. The biotic exchange with the protected area and the surrounding
matrix enhances the vulnerability of invasion. Natural ecosystems surrounded by the kalteead landscape

are more invaded than large continuous natural vegien areas. (Lindenmayer and Mccarthy, 2001). Progress

in spatial ecology with the emergence of geospatial technologies help to understand the land use dynamics.
While landuse landcover mapping quantifies area change in the landscape, spatial pattedysi® quantify

the landscape composition and configuration and it is important in understanding the underlying mechanism of
plant invasion (Vila and Ibanez 2011).

The study area was classified into three LULC Classes i.e., Woodland, Till Land ampd Binly Landsat
imageries for 2001, 2011 and 2021. The latter two being humdnced landuse classes, may act as drivers of
plant invasion. The landscape composition and configuration of the study area was quantified by computing
relevant landscape metrs using Fragstat (Mcgarigal & Mark, 1995).). It includes Total Area (CA), Number of
Patches (NP), Large Patch Index (LPI), Mean Patch Area (AREA_MN), TE (Total Edge) and Interspersion
Juxtaposition Index (131).

The result showed that at the landscape éevthe number of patches was varying with the highest value in
2011 (NP = 2499) and least in 2021 (NP=1752). The largest patch index (LPI) was almost invariant across the
years, with a slight increase in 2021. The Total Edge (TE) decreased acrossshwitledine highest value of

TE (791190 m) recorded in 2001 and least in 2021. The Mean Patch Area (AREA_MN) increased across the
years. Interspersion and Juxtaposition Index (1J1) values increased from2Z01 and dipped to 56.9% in
2021.Detailed angsis at the class level revealed the dynamics of compositional and configurational differences
in the three landuse classes. Fitind was the dominant land use in the anthropogenic matrix during the study
period, followed by woodland. Builtp showed aconsistent increase across the years. The increasing trend of
built up across the years shows the rapid urbanisation and human settlement in the area. The geospatial
analysis provides a comprehensive understanding of the dynamics of land uses thatdagilitat invasion.
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ABSTRACT

Natural resources play a critical role in the livelihood of developing countries. This research aims to explore the
impact of internal displacement on natural resources with emphasis on comynforiést using remote sensing

and geographical information system (GIS) technologies in order to manage natural resources in Jebel Marra.
Two Satellite images of the years 1995 and 2016 were used. Four LULC classes were determined namely: forest,
agricultue, settlement and soil. The dynamic spatial changes of these classes were analyzed and status of
community forest in Jebel Marra was assessed. The analysis showed that during 1995 and 2016, the forest
cover has decreased by 26.3%. Agricultural area hemeased by 4.5 %. Bareland has been increased
dramatically by 22.8 % while settlement remains stable quantitatively; howeVertaty town was heavily
extended as the result of IDP movement from the surrounding settlements. Deforestation was resulted from
felling down of valuable trees for fuel, building in addition to security reason related to conflict in the region.
Deforestation also has caused by IDPs around and some kilometers away from camps. Bareland increased in
Northern part of the study area due felling of trees for sake of mechanized agriculture.

The study concluded that security instability and internal displacement was heavily affected the natural
resources. The study recommended a local periodic assessment of natural resources partiotdsily

sector. Capacity building of local people is highly recommended to manage forest and simple GIS techniques to
enhance their ability to manage and monitor community forest. The study recommended resolution of conflicts

to enable environment and comunity to manage their natural resources in sustainable manner.
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ABSTRACT

The Western Ghats mountaithain is prone to landslides. The typical tr@piclimate of the Western Ghats
causes intense weathering and, thereby, landslides. Landslides in the Western Ghats have caused severe
destruction to life and properties for the last three years. Around0d landslides occurred in the Western

Ghats in Augst 2018, in which around,200 were debris flows. These landslides are induced by heavy rainfall
and possess long runouts. These long-outs cause hazardous effects on the population through its path.
Landslide inventory was created for the windwardesaf the Western Ghats by mapping using kigholution

Google earth imageries, Planet scope imageries and Seitimeageries. The landslides in the inventory are
debris flows with long runouts, and that caused severe damages. The effect and the rinaoatteristics of

these landslides are studied by numerical modelling, the Rapid Mass Movement Simulation (RAMMS). ALOS
PALSAR DEM is used as the topographical data for simulating landslides in RAMMS. The runout lengths, lateral
spreads, flow height anddiv velocity, were obtained from the runout modelling. With the help of these
parameters, the damage caused by such tamgput landslides is assessed. Landslide runouts were simulated

for the longrunout landslides in the Western Ghats and found that madghem follow the flow path.
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ABSTRACT:

The world is witnessing the effecbf the longpredicted climate change. This is in the form of extreme weather
conditions such as severe droughts, heatwaves and more than average rainfall. With these ever increasing and
erratic natural disasters, there is a need to develop efficient afffiective ways of responding to and managing

the situation.

Currently, there is a lot of focus on artificial intelligence in many data processing tasks. Even though this is
commendable, the strength of many of these models lies in the availability ofingaisamples. A mismatch
between training samples and the locally sourced data leads to wrong data inferencing and by extension
incorrect decision making.

This exercise on the other hand intends to utilise previously tried and tested remote sensinggtexhbd

assess the impact of floods in a region in Kenya, heavily susceptible to flooding. It intends to showcase the
strengths of spectral indices, open data and spatial analysis in the correct assessment of features affected by
flooding.

Flood water and/egetation are calculated using NDWI and NDVI respectively from freely available Sentinel 2
imagery while building and road datasets are provided by Open Street Map. The number of buildings, length of
roads and acreage of vegetated land affected by theding is then determined.

This approach provides a straightforward way of utilising opensource software and data to aid first responders
better cope with flooding events.
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ABSTRACT

The global push to reduce our environmental footprint has required new set of applications of Geomatics in
energy exploration. The powe¢o know where what is, has become one of the defining factors to conserve or
restore our planet to a sustainably habitable homErom commissioning to the decommissioning of projects

in new and renewable energies, Geomatics play important roles. Sothes# accountabilities include project
setup, site selection, geodetic controls, boundary definitions, orientation of sensors, connection of natural
features, mapping carbon credits, change detection, satellite and UAV remote sensing, hydrography and sea
floor mapping.

Ly GKA& LINBaSyidalidirzys FTNRY GKS Fdzik2zNRa SELISNASYOS
government organizations, we will explore the life cycles of energy projects and show where Geomatics
expertise are pivotal to the suess of the project. Intentionally, we drive down to the role Geomatics play to
mitigate against environmental degradation, which contributes negatively to climate change. Key to this is
restoring the environment to its state before the energy exploratigaeping track of the spatial intelligence of

the environment, and sharing them within connecting spatial, temporal and related attribute databases, have
helped to quantify our climate change progress.
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1. Introduction

Geomatics continue to act as the bridijeenergy exploration between project concepts and their realizations
on ground. Whether it is a new Wind Farm, Hydroelectric dam construction or installation of Solar or Hydrogen

stations, Geomatics expertise is required at the start to finish. We ariealp involved in reconnaissance,

construction, and final picks for project maturation and operation. Geomatics provide spatial information (GIS)
and employ Remote Sensing technologies such as unmanned Aerial or Underwater vehicles to monitor

facilities.

Another key role is provision of spatial data to support the Licence to operate and obtain other regulatory
permits to explore for energy. This will usually involve the mapping and collection of attributes of
environmental and community concerns, requiredbe completed by governing agencies around the areas of

interest.

The followindfigure shows some examples of Geomatics technologies used in this era of the Energy transition.

> {,\{’,r‘
" ¢ G"
A~

UAV

ROV

Cartography/Mapping GIS/Integration
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Figure 1. Geomatics technologies Renewable En@uyce: Googleriages, multiple authors)

¢NI RAGAZ2YIE hAft FyR DIF&a LINRRdAzOGAZ2Y Aa asSid Gz

OFNb2Yy F220LINAYyG® {GNROGEE& &ALISKF{AYy3IZT F2aait

RSOt Ay
sustainable energy. Giant Oil and Gas organizations are transitioning aggressively from fossil fuels as an energy
source, to #ernative sources of energy, in step with climate and environmental demands to reduce the global

TdzS¢t a

millions of years when organisms decompose undweat and pressure. However, since the rate of
consumption (depletion rate) of these energy resources are acutely faster than their ability to replenish, they

are classified as nerenewable. The other effect of energy from fossil fuels is their pollugffiect on the

environment, affecting the lives and health of organisms on land and the marine. The pollution also offsets the

GHEEyOs 5§02

Coal, Oil and Natural Gas are the three main fossil fuel energy sources. These energyassewrsmated to

2F Gyetm. LI | ySiQa

be depleted on earth by the year 2060, if we continue to burn them at the current rate (Energy, 2021).
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Canada, over 90 of energgquired to heat and survive the cold winters are from fossil fuels (Canada Energy

Regulator, 2021).
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Figure 2. Coal dumper trucks. Photo Credit: (consenergyfuture, n.d.)

There are several byroducts and use of nerenewable energies globally. A§ today, we will be unable to
completely shut off energy from fossil fuels without destroying lives, and the ways of lives of millions of
populations on earth. This is where it is important to quickly transition to cleaner and renewable energy
sources likesolar, wind, biomass, hydroelectricity, hydrogen, and geothermal energy. These energy sources are
called renewable, because they can be replenished by natural or artificial processes before their depletion.
Also, they are considered to have a lower carigneenhouse gas pollution footprint on our environment.

It is important to note that renewable energies also have effects on climate change, although this is
significantly lower than nomenewable energy sources. Solar and Wind have high initial costs for
commissioning, and unfortunately contribute to the demise of birds.

Nonetheless, the energy transition is important to sustainably call earth our home. It is about the least
destruction to the environment, in our quest to provide the energy our civibraneeds to survive, to be
comfortable and grow, while protecting the earth for the next generations.

Society, Governments, and Industries as a whole, need to act to collectively limit our global rise in temperature

to no more than 1.5 deg Celsius abovweipdustrial levels. One of the companies in the frontlines to reduce

emissions is Shell. Shell sorts emissions (based on the industry recognized global greenhouse gas protocol) into
GKNBS a02L)Sad ¢KS FANRG a 02 LISs opedBond] whigh iftludedSalénd Ga6A 4 a A 2
exploration, production, and processing, refining and chemicals production. The second scope refer to energy

Shell buys from third parties to power its production. The third scope are customer emissions from energy
produced by Shell, and the emissions from energies Shell buys and resells to customers.
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Question Answer

y Y How is Wq
accelerating
to net zero?

| Bmit the globol rise in tempercture to
| 1.5% Celsius above pre-industriol levels

AL Ll 7

Figure 3. How Shell is accelerating to net zero (Shell, 2021)

Geomatics technologies play important roles in the energy exploration lifecycles and the energyotnarsi
each of these scopes, spatially tracking the emissions and mapping them with projects that provide offsets (for
carbon credits) is one great value add Geomatics brings to the table.

In other major decarbonization projects like CCUS (Carbon @apsage and Storage), Geomatic technology
help define the surface and subsurface location integrity and spatial mapping reports, required to explore,
construct, and operate the capture of carbon, and place it safely below the earth.

Geomatics technologiemonitor the capture process through deformation monitoring, seismicity and Wells
location engineering, to ensure the captured carbon stays underground and nremitted into the

atmosphere or to water bodies.

The Figure below is a summary of a typicaegle of the lifecycle of energy explorations.
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Explore Operate Complete

Decommission at end
of lifecycle
Select most efficient
sources and financially

Survey and map viable

potential energy
sources,

Migrate to other
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Perform cost-value

analysis.

Ensure regulatory
compliance Commision and

|
" Report to regulatory

Figure 4. Overall lifecycle of energy exploration

We will quickly explore the workflow of common energy productions in the next sections.

1.1. Solar Energy
The harness of the sun for power has been done mamgigions before us. The sun has been the main
source for giving energy to natural and marade developments.

- —— —

A= SN e U - ———
GLOBAL HORIZONTAL MBADIATION Qo MAP 2D DIECT NORMAL MRADIATION P 5 -2
" L A ”L’—:—s——~ ‘~," s N A 8
‘ j . .:. . ‘ /m . "
< ) v .

SPURTRPp——
-~ — r o > M er 48 M * —p = e # S0 s ¢ e -

= _ . . ' " . -
teen B M W e M WE B e WE e e R e Jhe - 2N -—

Figure 5. Global horizontal solar irradiation (Solargis, 2020).
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shown below. The Authors determined that the total solar energy in KW/day (SE) is dependent on the amount
of radiation energy in KW/m3/day (RE), the surface area in m2 (SA), the angle of incidence (I) and the Azimuth.

AGSE 2021 ! 0 & éntlBubniissions 33



e
- -

Figure 6 Groundmounted and 'building'ntegrated photovoltaic array§ W . SaSy A6 N SaG | ¢

In mathematical terms, SE = RE x SA x LA

tan (a) =

oo W
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The azimuth can be determined by orienting thigiect in line with a given North. Typically, the Magnetic North

and its related Magnetic Azimuth is used, or the True Azimuths based on True North is used. Geomatics
expertise and tools can be used to convert between the Grid north and True North @sth@onvergence).
Similarly, the difference between the Magnetic north and the True North, Magnetic Declination, can be used. In
both cases, the East is reckoned as the positive direction. The Authors provided the formular for Inclination as
the tangent d the roof height (b), which is the horizontal component of the steep (a).
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Aside the azimuth angle, the tilt is also important for the best light incidence on the photovoltaic panels. It
depends on the location and time. Noon at the equator will produee highest sunlight. Placing the panels to
face the equator improve outcomes. In the Northern hemisphere, the panels are placed to face south. And
similarly, in the southern hemisphere the panels should face North. (McCloy, 2019) There are currently sun
trackers which automatically tilt the solar panels to maximize the incidence of sunlight. Generally, without
these trackers, knowing the latitude angle at the location of the solar panel, you can calculate the optimum tilt
of the solar panels by adding anffset (e.g., 15 degrees) to the known latitude at winter and subtracting an
offset angle (e.g., 15 degrees) from the latitude during summer (Rooij, 2021). The optimal azimuth and tilt can
be determined by Sun Azimuth Surveys by Geomatics (Geodesy).

The measurement of mapping of ground and rooftop objects to determine suitability for solar energy is a key
contribution of Geomatics. Shell has partnered with Silicon Ranch (a big independent solar power producer in
{0 YR [/ tSIFyGaSOK pugiriessNGedmaticshhMe Beénknvolvadingthe &ite fodatidd of solar
panel sites. In Shell, projects relating to harnessing energy from the sun, are in several locations around the
world.

SHELL'S SOLAR INVESTMENTS AND PROJECTS AROUND THE WORLD
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Figure 8. Shell Solar investments globally. (Shell, 2021)

Other ways of storing solar sourced energy beyond the availability of sunlight, and using the banked energy
later, have been developed. However, there are many other supplementary energy sources that are considered
renewable.

1.2. Other renewable energy source

The kgure below lists some energy sources from multiple sources and give some examples of the role of
Geomatics in their exploration.
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Energy source

Description

Globally, one of the
cheapest and most
affordable renewal
sources of power is
electricity generated
from hydro-electric
dams. Moving water
spin a generator to
produce electricity.

Methane and CO; gases
from the anaerobic
decomposition or heat
induced chemical
conversion of organic
waste from household,
farming, sewage, and
restaurants create
renewable energy.

Wind turns generators
to produce electricity.
Although it requires
several other products
to design, build and
operate, Wind Energy,
once operational
provides a renewable
source of energy
between 20 to 30 years.

The biproduct of this
energy is water. This
makes this a clean
energy if it is sourced
from non-fossil fuel
sources like water. Over
95% is currently
produced from fossil
fuels.

Examples of Geomatics
Roles

» Site selection

» Land surveying/Levelling

« Water ways and
Displacement Maps

« Reservoir Construction
Survey support

* Deformation Monitoring

» GIS - spatial attribute data

 Site selection

» Site Mapping

« Tank and piping construction
¢ GIS / Online mapping

« Facility inspection via drones

» Site selection

« Land surveying/Levelling

« Deformation Monitoring

e GIS - spatial attribute data
» seabed surveys

« Construction

* Subsea cable piping

« Deformation monitoring

* UAV (drone) inspections

 Site selection

« Site Mapping

» Tank and piping construction
¢ GIS / Online mapping
 Facility inspection via drones
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Geothermal Enerir "

This is a clean
renewable energy
produced from the
earth’s core. Heat is
constantly generated in

continue to be for
billions of years to
come.

Converts kinetic energy
movement of waves
from the sea and
ocean/river currents

energy generated from

ocean salinity.

the earth’s core and will

generated from the fast

into electricity. Includes

temperature differences

« Site selection

e Land surveying/Levelling

¢ Displacement Maps

« Construction Survey support

« Deformation Monitoring

e GIS - spatial attribute data

 Drilling location support

« Surface and subsurface
geodetic integrity

» Site selection

e Land surveying/Levelling

* GIS - spatial attribute data
* Seabed surveys

« Construction

* Subsea cable piping

« Deformation monitoring

« UAV (drone) inspections

Figure9. (Shell, 2021), (RenewabltnergyMagazine, 2021); (Sonal, 2021) (Shell, 2021) (Tranter, 2021)

In addition to the above roles, other efforts to provide the storage for CO2, harnessed energy and service

stations are supported by Geomatics.

1.2.1.

(WaveStar, 2011)

Below are a few of them.

Electricity and EV Charge stations

Electricity is harnessed from multiple sourceslining solar, Wind, hydrelectric and biogas degenerations

processes. During the selection of sites for recharge stations, Geomatics play an important role. The answer to

where (in terms if distance) can a fully charged electric car reach before regj@rirecharge is a typical

Geomatics questions.

1.22. CCS

Carbon Capture and Storage (CSS) has advanced as the technology to offset large tons of carbon emissions

contributing to climate change. In this technology, Geomatics is involved in collaborating witthy3&s,
Geologists, and other Scientists to lock down CO2 down the earth, and keep it there.

Geomatics plays an important role in surface and subsurface monitoring when CO2 is ingested underground.

Monitoring through seismic and deformation measuremeh#s led to avoiding the release of the ingested gas
back to the atmosphere or the environment.

1.2.3.

This allows matching areas of carbonization with areas providing the carbon credits to offset the carbonization.
F'yasSNI
F2NJ O Nb2y ONBRAGaE T

Geont (A O& & dzLJLJ2 NI

Nature Based Solutions and Carbon Trading

FO02dzyiAy3a 27

idk yiAGASE | YR

t20GSRZ YR ¢6KSNB Aa GKS dGFNBSI
stored as attributes.
2. Common Workflowand Geomati cso® Rol e

One of the early calls to Geomatics during energy exploration are requests for legal plans to apply for the

Licence to operate. Geomatics is fully engaged in these Licence requests. Our input is required for:
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w wS3dz I (2 Ndperatelal aN@&alionf whigh2includes government, environmental and construction
permits, within the land or sea boundaries, in accordance with the law governing the onshore or offshore
location of interest.

w [/ 2YYdzyAide | OOSLIi y OSxpliraiond JNIhel Sedritvriess NhisKis irBpgramEvien S
dealing with local landowners and indigenous settlers. The mapping of the location of cultural, religious, and

historical sites, and determining acknowledgements and compensations based on aredthiis te
accountability of Geomatics.

The flowchart below provides a typical engagement:

Site Survey

1. Site Permi

Site Plan

Map Exclusion Zones - Classify "Go/No-go” areas

Map Competitor facilities - avoid collision (e.g. underground facilities)

Map underground, surface and above ground features
Map for insurance and displacement compensation

2. Env. Permi

{ Outline Indigenous Boundaries
Calculate Area for compensation

£
)
)
a
1%
S
o
c
@
20
S
£
o
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'm Surface Map - Plan - As built - As Constructed

= Subsurface map - seabed survery

mm Connectivities Map - e.g. powerlines, Pipelines, Transport routes

Remote Sensing - Site Inspectiong

— GIS support - Online Spatial data catalog - Sharing

Current Operational Map

Site Plan Revisions - Before and After Maps

Reclaim/Restoration Map

As-built operations map

Installations Map

Restoration Map

Site Reconnaisance

Site Survey

Amendment Plan

7. Amendment Permit [l 6. Pause Permit 5. Abandonment Permit |§ 4. Operation Permit

Typically, several licensing processes are involved. Some of these include:

w {AGS t SNI¥AGA o{ dzNIZBriaceleXplbrgtian) ¥ 2 NJ & dzNF I OS | yR & dz

w 9y D AtdEBlganascy Permit
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)

cénde to Abandon (Pause operations) before the end of Life (for operating projects projected not to be
commercially viable in the long term, due to high operation cost or low demand)

2.1. Exploration, Budgeting and Project Selection Phases:
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Geomatics isypically part of the first team on ground to perform reconnaissance of the area of interest. Basic
sketches are mapped for tabletop discussions of where the Organizations and Energy experts identify as places
to consider for construction and operations.

Geomatics is the discipline accountable for capturing the location of surface and subsurface objects and their
related legacy data (old data in the same area) with key attributes like the geology, soil type, zoning, and
exclusions (reserved areas).

In this phase, one key expectation of Geomatics is for the group to provide the spatial intelligence that will rank
explored sites, to help narrow down options at the Project Selection Phase.

2.2. Project Commission Phase

Once the business decides on the sitesconstruct the new energy facility, they will require Licenses to
Operate. Geomatics provides all maps and related attribute data to satisfy compliance of the land and energy
exploration Regulators. This could also include paper logs of all findinggydbeg exploration stage like the
location and quantities of deposits in the areas of interest, exclusion zones and other locations of public
interests to protect.

Another key Geomatics contribution at this stage is to help get the approval from thectmoahunity to allow
operations. Indigenous landowners are consulted with maps from Geomatics showing the areas required for
the project. Compensations and other interests are calculated based on size of area of interest. Geomatics also
help record these ladowners and the area or areas they control in case they need to be contacted in the
future.

2.3. Project Operational Phase

Geomatics is involved in the constructional phases providing the layouts translating plans on maps to the
ground. We are also inwad in the continual monitoring of the facility during operatioggproviding key

spatial intelligence of visible changes around the facility that could create a hazard. For instance, on a solar
farm, site inspection flights and image reduction helptermine panels that are defective and require
replacement or repairs. An inclining Wind Farm can also be spotting during deformation monitoring to avoid
collapse. Windmills are heavy and huge constructions. A collapsing Windmill could cause harm and death to
birds and humans. It is also the accountability of Geomatics to help spot sinking establishment on the seabed
or on land. Early warning mapping systems help avoid fatal catastrophes, injury, or loss of property.

Continual regulatory compliance requiring @®eatics data expertise like health of facilities, deformation
reports and expansions (to the-asnstructed facility), continues with the lifespan of the project. For instance,

with technologies utilizing subsurface installations, Regulatory organizatigtisrequire to know from
Geomatics how stable the subsurface activities are. Seismic data and satellite data (INSAR) can be used to
achieve deformation monitoring of surface stress relating to subsurface activities.

2.4. Project Decommissioning Phase

Firally, Geomatics is involved in the closing stages of the project. Restoring the site back to as close as possible
to its original state, preexploration, is important for the balance or earths ecosystem. Now tweth maps

from Geomatics help in this restation stage. Questions like what was where? How big was the plantation?
How large was the swamp? Are all answered with the spatial intelligence Geomatics provide.

All regulatory closures on what was done and what was decommissions are dependent on thh&ampatics
provide. It is therefore safe to say Geomatics are part of the first team to arrive at energy exploration projects,
and the last to leave.

3. Summary

Itis clear Geomatics is a transferable skill and technology as the World seek more renewatsds 6 energy.
From Commissioning to the decommissioning of projects in new and renewable energies. Geomatics expertise
utilized in this transition include:
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dfography and sea floor mappingeabed Surveys and subsea construction

These expertise have helped to-dek and mitigate against hazards in the selection, construction, operations,
and closure of projects in the new energy sector.

We have discusseaur specific roles in ensuring we provide the documentations required to allow for the safe
and profitable exploration of energy (Licence to operate). Geomatics also play important roles in documenting
constructions and operation data using maps with rethattributes (GIS). Another key Geomatics role is using
technologies like remote sensing (UAV, Underwater vehicles), Seismic atich®ltévelling to monitor the
stability of energyprojects
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ABSTRACT

Chances of successfully completing a Renewable Energy (RE) project is alwagtion.qMany scholars have

tried to identify the critical success factors and barriers to overcome such that projects can be successful. A
thorough review has been done here to compile the factors that need to be considered to make RE projects
successfulBased on this theme, over fifty literatures were reviewed to identify ity success factors. Those
factors were further grouped into nine major categories, namely Project Strategy, Policies & Politics, Project
Attributes, Stakeholder Interactions, Peoj Parameters, Culture & Leadership, Resources, Managing Risks and
Project Governance. Further, weightage of each category is assigned based on number of factors belonging to
that category. Finally, score to Project Success is calculated based on weightade value of each category.

We believe that this tool is very simple to use whereby stakeholders related to an RE project will be asked to
rate their view on scale of-& (where 1 stands for least likely, least satisfied or least agreed and 5 stands f
most likely, most satisfied or most agreed) for all the fity factors. Then average score of each factor is
placed in the tool to automatically calculate the probability of Project Success. This tool can be modified as per
the factors and/or weightge required in given project situation. The probability of Project Success is only
tentative. Project team is suggested to regularly review the score of each factor and endeavor must be taken to
increase the scores to 5 as much as practically possible.
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ABSTRACT

Spatial variability models for Iron (Fe), Manganese (Mim¢ (Zn) and Copper (cu) available in agricultural soils

of Anaimalai block, Coimbatore, India were derived in this study. The Study was investigated through
geostatistical and geographical tools for producing soil micronutrient maps, which finds appleations in
agro-decision making. 106 soil samples were collected in regular grid (50cm x 50cm) at the agricultural
farmlands of Anaimalai block. Soil iron, Manganese, Zinc and Copper existence founds to be spatially
heterogeneous in nature, ranging fro 0.5 to 28 ppm, 0.8 to 24 ppm, 0.1 to 11 ppm and 0.1 to 1.6 ppm
respectively. Normality in distribution of soil micronutrients was accomplished by using logarithmic and box
cox transformation. Spatial autocorrelation was described by using directionahergial model for Fe, Mn,

Zn and Cu. More precise spatial variation was pictured from Semivariogram methods. Spherical, exponential,
Gaussian and linear models of Semivariogram experiments were conducted for each soil micronutrients.
Randomized Mean Squa(RMSE) was derived from each experimental model. Derived RMSE was compared
and accuracy of various interpolation models is assessed. Reliable interpolation model is recognized as better
assessment tool for spatial variable investigation of soil microents. Scale of soil Fe, Mn, Zn and Cu is need

to be monitored periodically and spatially since deficiency leads to stunted crop productivity where excess
leads to soil contamination. Revealing precise spatial variability of micronutrients of Anaimalaidbltarge

scale using geostatistical tools brings out the novelty of the study.
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ABSTRACT

Plant species diversity is influenced by spatial heterogeneity while ecosystem and biodiversity assessments in
reaktime and accurate manner in chgimg global biodiversity are becoming increasingly essential. However,
the biodiversity estimation over a large area using ecological field data is very challenging. Some of these
limitations can be overcome using the use of satellite remote sensing amanadd approaches including
Spectral Variation Hypothesis (SVH) that indicates higher chances of more organisms to coexist in a community
under higher spectral heterogeneity over the different pixel units. The present study evaluates the potential of
SVH n tropical deciduous forests (TDFs) using floristic composition and very high resolution-R@IRIS
hyperspectral images (acquired on Jan. 2016 and Mar. 2018), and Seéntmétispectral images (acquired on

Jan. 2018, Mar. 2018, Oct. 2018 and Dec. 2A8)tv' | LJ G KS | f LK 6h 0 RAOGSNEAGE 27
different seasons. Field based observation, including thsitndescription of a set of 42 plots (size: 20 m x 20

m) was performed to record the species diversity in the region. Spectraivasgaxtracted by associating each

plot with corresponding pixels from the satellite images. Relationships betweenbiéaldd ShannoiViener

diversity index (H') and satellite imagery derived alpha diversity was analyzed using linear regression technique.
¢tKS &iGdzRé SEKAOAGSR | LR2AAGAGS NBf ilekstyyaddKAVIRISG T | U 5
R S NJ @igeRsity reporting the higher R2 score. Fiblased H' had high correlation with AVIRI® 614 SR b
diversity (R2: 0.83 and 0.82), compdréo Sentinel 6 | &d&dRsityh(R2: 0.5(D.63). The availability of
Sentinel 2A satellite data supplements the seasonal variability between spectral variability and species diversity
with high correlation during post monsoon (R2: 0.63), and-mamsoon(R2: 0.60) while least during monsoon
seasons (R2: 0.57). The results highlighted the use of high spatial resolution hyperspectral and multispectral
satellite datasets to complement fielolased observation for fingcale species diversity mapping at spladiad
temporal scales.
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ABSTRACT

Land conflict is one of the most sensitive social phenomena in whidéaat two parties are involved, and
whose origins are differences in interests regarding a given piece of land. The land conflict resolution systems
need to be impartial, timely, affordable and shall provide alternative means to resolve the conflict.

In Nepalese context, the number of land conflicts is increasing every day, as the conflict resolution mechanism
is inefficient. The analog resolution mechanism does not reasonably categorize the conflicts that would have
aided the better resolution. Conclwgly, the land conflict resolution mechanism opted by Nepal needs
significant improvements. This research finds how, and to what extetite recordation of land conflict
supports the conflict resolution mechanism to deliver equitable and efficient lanaflico resolution.

Land conflict inventory is a comprehensive digital database of land conflicts and provides the references to
previous conflicts and their negpatial features. The initial step towards generating land conflict inventory is to
collect theland conflict information from the district court, survey office, and land revenue office and record
them in a standard format to create land conflict inventory. The analysis of elements of the conflict inventory
suggests the significance of land confliotventory to strengthen the current land conflict resolution
mechanism.

1. Background

LYGSNYFdGA2ylLFf CSRSNIGAZ2Y 2F { dzNBBSe2NBR oOomMdppp0 RSFAYS:
26YSNEKALIE &3GS6FNRAKALIZ 2N diasd (SulNg anfl M&slrements AmH63,! O 02 NI
land refers to- all categories of land, including those with buildings, gardens, trees, factories, ponds, etc. Land

as a symbol of wealth in Nepali community defines the social, political and economic statusndivigiual.

Thus, due to its economic, social and emotional importance, land is also an important source of power in a
community (Kaye and Yahya 2012).

The social definition of land varies from community to community. Even though legal definition ¢indtsol a
physical object, communities perceive it as an intangible asset. For instance, a family in a Newar community
shall have at least one piece of land inside the community territory to be a part of the community (Guthi).
Similarly, Raute tribes, onef the marginalized tribe of Nepal, do not accept legal ownership over a piece of
land but believe that the whole forest is their home and no one can pull them away from his or her property.

According to the Nepalese national agriculture census of 20(ofototal 3,364,100 farmer families, landless
farmer families (less than-0.1hector) are 227,100 (8 %) in humber amdrginalized farmer families (up to
0.1-0.3 hector) is 670,000 (20 %) in number (CBS Nepal 2003).

Adequate distribution of land and othenatural resources among the population is challenging due to limited

but high demand for land. In Nepal, many attempts to manage land relafiedrimination and avoid
landlessness failed to achieve the target. For example, even though land reform dR #960A y b SLJ f =
ownership by defining the maximum landholding ceiling, a large portion of the population still lack land
ownership.
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According to annual report 2015/16 of the Supreme Court of Nepal, 21.5% of total court cases in different
courts of Nepl are landrelated cases. The total registered cases in 2015was 38,741 among which only 17,886
cases were solved, and 20860 cases are pending. Conflicting Acts and policies, inefficient and unprofessional
land agencies, corruption & unaccountability imdaadministration, political and social dominance, traditional
organizational system and technology, and so forth contribute to land conflict in Nepal. As consequences of
these problems, conflict in land is escalating. Transparency International findséatat as one of the most
corrupted public sectors in Nepal (TI Nepal 2016).

Land for generations in Nepal are being recognized and recorded in various form. Before 1964, when land
records were not based on cadastral maps, lands were recorded by loadk Hie Jimindars, Talukdars,
Mukhyas and Patawaris (Acharya 2008). The government of Nepal has created legislation for land management
and land reform repeatedly but with the little actual result. Fixing land ceiling, protection of tenancy rights,
farmer-oriented land reform, land right to landless slum dwellers, preparation of land use policies, and
strengthening are good attempts towards increasing land tenure security. However, traditional LIS,
unaccountable and corrupt bureaucratic system and lessigpation of the public in policy formulation are
challenges to tenure security (Rawal et al. 2016). In the countries like Nepal where diverse ethnic groups reside,
the diversity of land tenure patterns enormously contributes to conflict (Upreti 2009).

Land conflict information registered in the formal system (court, land revenue office, survey office, and
municipality) with a huge effort can be used as a valuable saordevelop a land conflict inventory. However,
assembling information of conflictesolved by informal mechanism will be challenging because conflicts are
not registered/recorded. Since many langlated cases are solved out of formal system, inclusive land conflict
inventory is ideally incomplete. Very often, the tools used for conféisblution as defined by the existing law

such as mediation, trust land management, land redistribution, rapid assessments, and so on seems outdated.
This habitually raises questions over truthful justice. Hence, categorizing different types of caanfiitts
analyzing them in a spatial manner can be a better way out to define authentic tools for resolving them in bulk.

2. Components of Land conflict inventory

As an initial step of the research, data required for the study were collected from multiple notestf@oth

spatial and norspatial data, required for the research were assembled from the concerned authorities. The
challenging part of this data collection was to reach concerned person and inventory because of the complex
legal and bureaucratic procedes.

Spatial (locational) and nespatial (attribute) data are two major types of data used in this research. Besides,
data assembled via questionnaire and sestniictured interviews aid this study. Primary data for this study are
the data collected throuly questionnaire and senstructured interviews. Conflict data from different
government inventories and cadastral map in digital form from survey office are secondary data used in this
research. Along with, types of conflicts, causes of conflict, actarghied in conflict, and so on are the
components of land conflict inventory.

2.1. Types of land conflict

The typology of types of land conflict as in different literature is used to categorize different land conflicts that
exist in Chautara Sangachwokgadi muipality. Land conflict Inventory of Chautara Sangachwokgadi
municipality reveals the existence of 15 types of conflict. These conflicts along with the consequent number of
the conflicting parcel are as in table 1.

According to the respondent of the gs#onnaire, boundary conflict, and inheritance conflict are the most

occurring types of land conflict. However, encroachment in public and unused land, provision of trust land, the
dispute in ownership, conflict due to transfer, conflict due to land us® 80 on are other types of conflict

common in Chautara Sangachwokgadi Municipality.

¢CKS YIe22N delisSa 2F tFLyR O2yFtA0ia la LISNI NBaLRyRSyidQ
the types of land conflict in land conflict inventory. Theight of the graph refers to (i) the percentage weight

of the respective type as defined by the respondents, and (ii) the percentage of conflicting parcels according to

type categorization as in land conflict inventory. Figure 1 demonstrates how farhidiarespondents are with
the existing land conflicts.
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Figure 1: Bar graph of respondent understanding over the types of conflict in land conflict inventory

(Source: Author)

The analysis of information in questionnaire shows that the respondents, wheatlgiiavolved in policymaking

and implementation, lack information about the dominant type of land conflict in this particular area.
Expropriation without compensation, and land conflict due to an error in cadastral maps, as in table 1, are the
major landconflict types in Chautara Sangachwokgadi municipality. However, the respondents seem lacking
proper information on existence and frequency of dominant land conflicts. Thus, this situation enhances the
significance of land conflict inventory.
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I'YPES OF CONFLICT NUMBER OF CONFLICTING PARCELS

1. Conflict due to lack of registration 2
2. Conflict due 1o wrong naming of owner during . &
land recordation ’
3 /iiz{éi?nﬁl:f/rci’i;.;{';A;i'LJ;))')<11i¢)Jl,€ by bank 8
4. Boundary Conflict . 25
5. Conflict over Use of community land [ 4 ‘
6. ("mgﬁin due to trust land ” - 363
7. Conflict due to divorce ‘ 2
8. Inheritance Conflict 35
9. Conflict of ownership berween owner and tenant . 5
10, Conflict due 1o Tenancy right 221
11. Encroachment on public land | 2
12, 7(‘;017_1/?;017 due 1o Epﬁmﬁnn o}}mrc& number in | 5
cadastral map i
13. Conflict due to error in cadastral map/data ’ 1321
14. Expropriation without compensation ' 515
15, Transfer of ownership 6

Table 1Numbers of conflicting parcels corresponding to different land conflict types (Source: Author)

According to the annual report 2016 of district court Sindhupalchwok, legally defined conflict types are
boundary disputes, registration revokes, decision reyolenancy removal, right assignment, deeds revoke,
right clearance, transfer, harvest/product violation, leased crops and others. Since 15 different conflicts exist in
our study, it is significant to reclassify under the domain of 11 different typesgyaf land conflicts and analyze

the inter-relation.

2.2. Causes of land conflict

Land and land conflicts always occur with multiple phenomena and hence cannot be subjected to a single
cause. However, the primary cause of the conflict can be withessed by rsguthem precisely. The causes of

land conflict can follow different typologies. In this study we reference to Wehrmann (2017) typology of causes
of land conflicts. The causes of these conflicts in Chautara Sangachwokgadi municipality are found to be either
political or socioeconomic or financial or socigtural or legal or administrative or and technical. Table 2
shows the classification of types of land conflicts under the domain of causes of land conflicts.
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PRIMARY CAUSES

TYPES

ADMINISTRATIVE

ECONOMIC AND

FINANCIAL

POLITICAL

SOCIO-CULTURAL

SOCIO-ECONOMIC

TECHNICAL

LEGAL AND JURIDICAL

Conflict due to lack of registration

Conflict due to wrong naming of owner during land recordation
Illegitimate expropriations by bank

Boundary Conflict

Conflict over Use of community land

Conflict due to trust land

Conflict due to divorce

Inheritance Conflict

Conflict of ownership between owner and tenant

Conflict due to Tenancy right

Encroachment on public land

Conflict due to duplication of parcel number in cadastral map

Conflict due to error in cadastral map/data

Expropriation without compensation

Transfer of ownership

Table 2: Reclassification of existing typétand conflicts as per their causes (Source: Author)

The assessment of causes of land conflict was conducted among the 22 respondents to questionnaire. The
guantitative measure was taken to evaluate the role of different causes of land conflict. Respsrof the
questionnaire were asked to value of the different causes in a land conflict. Assigning the values from zero to
ten (0= no effect, 10= totally affected), the average value for individual cause was calculated.

The highest score was 6.492 faromomic and financial cause whereas psychological causes scored the lowest
value with the score 4.048. Along with economical and financial cause, legal and juridical cause, administrative
cause, and technical causes contribute more than an average tactanftict.

Since the lowest value is 4.048, we consider 4.0 as a baseline to plot the score in a bar graph as in figure 2.
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3. Land conflict inventory

The first tak in mapping land conflict is to reconstruct the spatial database as per study requirement. Mapping

land conflict in a spatial domain is a technical task. The use of advanced mapping software like ArcGIS, QGIS,

AutoCAD, etc. makes the map dynamic and rimfmtive. In our research, the cadastral map of Chautara
Sangachwokgadi municipality as provided by survey office of Sindhupalchwok district contributes as a spatial
data. Since the municipality is formed by merging ten neighbouring VDCs , the data cdetaivDC
boundaries as administrative boundaries. The digital cadastral data contained individual map sheet that seeks
technical assistance to merge them. The hard copy maps of different scale were scanned and manually
digitized to construct a digital dab@ase. One hundred and thidpur individual map sheets were merged to

form a single database of the municipality in shapefile format. This function was carried out with the use of
ArcGIS 10.4 software and python programming skills.

The second task is @enerate the land conflict inventory. Land conflict inventory as in conceptual model is an
inclusive registry or database of land conflict. In this research, MS Excel sheet was used to record properties
land conflicts assembled from different platformsffBient parameters of conflict as a type of conflict, the
cause of conflict, actors involved, etc. were recorded in a specific format. Along with the spatial attributes like
VDC code, map sheet number, ward number, and parcel number were recorded maSiradly.these land
conflicts are aimed to overlay in the cadastral map, spatial attributes of individual parcels that undergo land
conflict are mandatory.
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Figure 3: Concatenation function for generating unique field (Source: Author)

The third task is téink cadastral database with land conflict inventory. In order to join two databases, at least

one column in each database needs to be common. This common column serves as a primary key to join the
database. To generate such common parameters among $patihon spatial data is challenging. Therefore,

relevant information necessary for this technical task were identified before data collection and were

assembled during the data collection. In our study, concatenation function was used to generate g femar

as in figure 3. Concatenatenction, in this study, was assigned to form a concatenated value using VDC code,

ward number and parcel number. The combination of these three attributes is unique and hence provide with

' FSIGdzNE 2F WRANBNE (BSEPdr@BAFY2F | NODL{ &2Fiagl NB
database (shapefile) and the land conflict inventory in excel sheet.

Land conflict inventory notices that 2,529 parcels undergo land conflicts in Chautara Sangachwokgadi
Municipality. These conflicting parcels are categorized in fifteen different types as in table 1. Similarly, seven
different causes are analyzed influencing these conflicts and are discussed in table 2.

4. Significance of Land conflict inventory in resolving land conflicts

Land conflict information provide with to the information regarding the conflicting land. Land conflict inventory
contributes to the source of land conflict information. Nepatial attributes of the conflict such as the type of
conflict, causs of conflict, actors involved in conflict, date or period of conflict and so on help the analyst and
decision makers with fruitful information about the land conflict. Along with, spatial attributes like the location
of the conflict, area, spatial patter administrative boundaries, etc. aids in quick visualization of information.

Failure of different rules, regulations, policies, and programs regarding land management and land conflict
management demonstrate that they lack proper planning tools. Withmderstanding the basics of conflict,
the projected conflicts in these programs may differ from the «weatld conflicts. As discussed in chapter two,
resolution of land conflicts without understanding their components degrades the situation. Thus, the
implementation phase followed by less participation of the target group, often fails. The difference in
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understanding major land conflicts among the respondents of the questionnaire and existing conflicts as in land
conflict inventory, as in bar graph oftire 1, is the best example to demonstrate that land conflict inventory
provides with the relevant information. Along with, to meet the sustainable dreams of hunger less and rich
society, land distribution system, if needed, shall be reviewed. Land ¢anflentory can be a better tool to

have a quick overview of existing land conflict chart of any territory.
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Figure 4: Relevance of CLCM and spatial analysis in land conflict resolution (Source: Author)

Even though a piece of land is physically st#tie,conflict it may change over time. Influence of different

causes of conflict can make a single parcel of land follow multiple conflicts in a different period. Therefore, the
decisionmaking institution and individuals for better resolution of the castfhieed to understand the history,
present status, and future factor of land conflict. Hence, updated land conflict inventory is the framework that
strengthens the existing conflict resolution mechanism via providing necessary information regarding land
conflicts.

Along with, the cadastraddased land conflict maps and their spatial pattern is a better and quick tool to
visualize land conflict. If the state plans for minimizing the existing land conflicts, the first information
necessary is the location @nd conflicts. Along with, the pattern analysis helps in clustering the conflicts and
hence aids policymakers with a suitable land conflict information.

5. Conclusion

Land conflict inventory is a database of land conflicts. Collection of data from differgistries and platforms,
and integrate them using a specific format are important steps in building a land conflict inventory. Individual
parcels those undergo land conflict are components of land conflict inventory. Characteristics of land conflict
like the type of conflict, the cause of conflict, actors involved in conflict, period of conflict, location of conflict,
area of conflicting land and so forth are the elements of land conflict inventory. Land conflict inventory
systematically collects cordtiinformation and supports analyst to understand the position of land conflicts.

The conflicting parcels in land conflict inventory can be mapped using the spatial referenced coordinate system

to generate cadastrabased land conflict maps (CLCM). Feaswof land conflict inventory and parcels in
cadastral map are source to cadastral based land conflict maps.
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The existing land conflicts via their spatial occurrence in this cadastral based land conflict maps significantly aid
in identifying spatial patrns of the conflicts in land and analyze them.

Hence, land conflict inventory by providing relevant information about land conflict, cadastral based land
conflict mapsby assisting in the monitoring of land conflicts, and spatial pattern analysiadttanflicts by
supporting to analyze the land conflichids current land conflict resolution mechanism for better resolution to
land conflicts.
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ABSTRACT

Designing transit systems eveloping countries requires enhaing local accessibility to the transit station

and nearby places. Further, it will strengthen Amiotorized (NMT) and public transport, keep public transit

fares reasonably priced and protect walkability of pedestrians from the motorized travel. Tharchvieg aim

of this research study is to have an integrated methodology usindg&i&l spatial analyses and group multi
criteria approach to measure and evaluate walkability of areas within walkable distance from the identified
TOD stations across 2 adjoig Indian transit cities Delhi and its satellite town Noida. The objective of this
study is to evaluate Glgased walkability conditions of TOD station areas using a Spatial Multiple Criteria
Analysis (SMCA) walkability index based on six criteria nafelyalkability and cyclability, 2) capacity
utilization of transit, 3)parking supply at the station, 4)rban design, 5)open spaces and 6points of public

interest. For this study, a fivminute walking distance, encirclingl® minutes walkingadius of maximum 800
YSGSNE &dzZNNRdzyRAy3a GNIyaiad adaqrdiiazy a GKS WiNIryaii
surrounding road network and land use data including were available in the vector format as separate spatial
layers through OSM pgin used in QGIS. Thereafter, the establishes relationship between Pedestrian needs
(PNs) and alternative design code requirements (ADRSs) using analytic network process (ANP) to aid future TOD
policy preparation considering pedestriaririendly environmento a large extent. The results reveal that small

block sizes ranging between 1060 meters on the streets with vibrant commercial and job activities promote
walkability around the area. There should be minimum 20% of the total TOD area allocated aspapes in

the form of neighbourhood parks, green belts and recreational areas.
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Figure 1. GHBased analysis of Identified TOD stations across Delhi and Noida
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ABSTRACT:

Rapid urbanization significantly impacts land use, climate, and rainfall. lfanting energy demand, random

land cover change has a detrimental effect on Kathmandu's land surface temperature and precipitation. Higher
land surface temperature (LST) in urban areas increases energy consumption, which the impoverished are
unable to met with their meager income. Detection and prediction of the influence of land changes on land
surface temperature and precipitation. The results revealed that land cover change was a significant driver of
LST increase during 2000 and 2018. The study showsthe land cover has changed over time, increasing
built-up areas while decreasing forest, open space, and riverine and lake regions. The removal of trees resulted
in an increase in maximum and lowest temperature and a considerable decrease in ptiecipBy 2025, land

use and land cover change trends are likely to deteriorate, with forest, farmland, and water bodies all expected
to decline by 15%, 18%, and 25%, respectively. Urbanized areas are expected to rise the most in 2025, with a
20% increaselhe fundamental cause of these changes is rapid urbanization, which is accompanied by a lack of
solid planning and increasing ruiaban mobility. These changes are associated with the soar in temperature,
rainfall, energy use, which positively influenpeor people. It recommends that city planners consider their
urban design plan and policy.

1. Introduction

Land cover in metropolitan areas is constantly changing, posing a direct threat to the natural resources
required to sustain life and the environmentluman activities, which transform landscapes and have a
negative impact on ecosystem services and human-keitig, are primarily responsible for these chanfs

4]. Rapid urbanization [5,6], population growth [7], and other socioeconomic developmgwitias that result

in deforestation [8], biodiversity loss [9], encroachment on arable agricultural land [10], and water resource
depletion [11] are all key drivers of environmental change contribute by-les#d change. Furthermore, a
number of studies ave revealed that changes in land cover affect energy use, socioeconomic and hydrological
processes, resulting in local climatic changes. Such changes might make populations, ecosystems, and localities
vulnerable to climatic pressure and create a more w@tictable environment [13,18]. To discover how land
cover changes, such analysis and mapping of land use and land cover are essential aspects in monitoring
studies, resource management, and planning activities (Aspinalls & Hill, 2008; Foody & Atkin&)n| 260

cover patterns on the Earth are regularly being changed by different human activities, thereby influencing
biophysical processes (Li & Shao, 2014). Thus, detailedulnénd lanecover mapping is an important
research topic nowadays.

Temperatureand precipitation patterns will be altered as a result of climate change (Thapa, 2019). It has
resulted in rising temperatures, erratic and extreme rainfall patterns, and an increase in the frequency of
floods, landslides, and droughts, all of which calisge loss of life and property each year (FAO, 2014; Karki et
al., 2011; NAPA, 2010; Dixit et al., 2008). Climate change aneusandhanges are two major worldwide
ecological changes that are expected to occur in the future. Until now, the causes plichtions of human

caused climate change and lande activities have been studied separately (but see Turner et al. 1993).
Markov chain analysis is a discrete stochastic modelling approach that is random in both time and state. It
forecasts future landise change probability by calculating lanse changes over two time periods. Then,
future changes are predicted using the possibilities derived from previous changes. The Markov model is ideal
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for land use modeling because land use data is spatially sensivhen compared to other approaches, the
Markov model has the ability to predict all mutirectional landuse changes.

The present study has attempted to show the status of the land use and land cover change impact on
temperature and precipitation ilKathmandu. It gathers information about how land use and land cover change
impact heat and rain in the years 2000 and 2018 through Landsat images, which would be the framework for
further study, useful for different stakeholders for decisioraking and fomulating plans and policies. It could
provide helpful information for implementing an urbanization project for the benefit of these urban
communities. Similarly develops a we#fined strategy for environmental protection and climate change
issues.

2. Study area, data, and methodologies

21 Study area and data
¢KS adaddzReé FNBIFIX G4KS OAGe 2F YIGKYlFYyRdzz Aa f20FGSR
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populated urban cities, extends over 65 square kilometers of area, and has an approximate total population of
1376000 in 2019. Kathmandu is densely populated, with 12,664 persons per square kilometer compared to
other country cities (Sharm&003). An increase in population plays a significant role in increasing the trend of
temperature and precipitation. The present increasing trend of the temperature of Kathmandu valley is 0.8°C
per decade and 0.08°C per year (Wagle et al. 2007). For aldeades, there have been several unusual
weather events in Kathmandu valley (Kattel, 2008). Changes in the use and occupation of land caused by
human actions have been shown to significantly affect climate (Pielke et al., 2002, 2011). The rapid growth of
population and increasing temperature and precipitation trend provides a situation of its study, and proper

analysis, in terms of LULC, is worthwhile. Landsat images have been utilized for LULC study (Ding, H., & Shi, W.

2013; Erener, A., Duzgln, S., & ialc A. C. 2012; Gao, Y., & Zhang, W. 2009; Kaul, H. A., & Sopan, |. 2012;
Xiao, H., & Weng, Q. 2007). Landsat 8 acquires eleven bands from two separate sensors: Operational Land
Imager (OLI) and Thermal Infrared sensors with 30 m spatial resolutionth®meal group 10 and 11 help

provide more accurate surface temperatures and are collected at 100 meters. Landsat 7 provides eight bands,
i.e., six in the visible and nearfrared regions with 30 m spatial resolution, one panchromatic group with 15 m
spatial resolution. Due to these benefits, Landsat images were chosen as a suitable medium for assessing LULC
and LST change, dated 1 January 2000 and 30 December 2018.
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Figure 1The study area, the city of Kathmandu

2.2 Methodologies

During image acquisitn, no cloud cover was selected, atmospheric corrections-inoluded. Spatial
registration was performed on the multispectral bands of both images acquired over two days: 1 January 2000
and 30 December 2018. LULC is classified using maximum likelihpexdiisad classification in ArcGIS 10.5
software.

2.2.1. Image classification

In the past 18 years, LULC changes provided through image classification and segmentation. A total of 31,154
random sample points were selected from 1 January 2000, and 28,796 paiptesawere randomly selected

from 30 December 2010. Using Google Earth was used in the extraction of ground truth samples. Seven land
use types were classified from both images for the study-aspeific LULC type in Table 1.
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