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Abstract

The observation data of bird migration offers theteptial to understand
spatiotemporal movement of birds. However, it i Basy to link such data to
dynamical models of movement (Pattersairal., 2008). This study used Geese data
for developing spatiotemporal model in the contektgeographical information
system (GIS) for increasing the understanding abadtmigration. The three main
objectives of the research were to identify théecia to use as an input in model
building and to increase the understanding abaut digration, model the possible
locations of migrants using criteria identified ymusly and lastly evaluate the
models performance. The developed model is basexmpert information (literature
based) using two different approaches, Boolearclagd Weighted Index Overlay
(WIO) methods. Using the Boolean approach two thffie models varying based on
number of input parameters were developed. We @etal Weather Forecast
Model (GWF) data for six environmental variabletmaspheric air temperature,
surface observations, cloud cover, precipitatiomdvepeed and direction.

In the WIO method Analytical hierarchical procegs$1P) process was applied for
calculating the weights for all six variables. Theights were multiplied with
corresponding layers after assigning the memberfimgtion using fuzzy logic
technique. An attempt was also made for validatig Boolean models
performance using independent data set. Thoughyalidation of model is not
highly accurate due to the uncertainty in the ftgdtacking data. The test based on
the kappa statistics reflected that the model perdomce was below average in both
the cases. The poor performance of model may bkierg by the uncertainty in
the tracking data, upper and lower limit of thrddBoand due to the discrete
properties of environmental variables. The weightedex overlay model with
continuous data may give better results, full \atiimh can be part of future
investigation. The study revealed that bird mignatmodel involves consideration
of just more than applying Boolean and weightedriayefunctions. Additional
inputs may be added such as distance from the exdjauitable pixels within the
layer and the accumulation of values of parameiéristerest with time rather than
simply overlapping different layers of geographiicdbrmation.

Keywords: Spatiotemporal, Migrants, Boolean logic, Weightealex, Global
Weather Forecast Model, Analytical hierarchicalgass
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Towards Modelling Bird Migration Using Environmental Variables

1. Introduction

This chapter gives a general introduction aboud birgration including the
factors influencing the onset of migration. Thelgem statement, objective
of the study, research questions, hypothesis andttges of research will be
discussed.

Migration is an evolved behaviour among groups ahyanimals, such as
birds, mammals, fish, reptiles, amphibians, inseatel even marine
invertebrates (Nakazawa, 2004). Every year milliohdirds migrate from
one place to another. They fly over long distancemf hundreds to
thousands of kilometres in search of suitable dent for breeding and
feeding (Patterson, 2005). Migratory birds rard{y dontinuously to reach
their destination, but interrupt their trajectorgduently for resting, feeding
and for avoiding unfavourable weather conditiorsnéina and Yuanjian,
2007).

A number of techniques are being used for studbing migration such as
direct observation, bird ringing, radar and sateliiacking. The simplest and
longest existing method is based on direct obsenst Though this method
has contributed to our knowledge a lot, but limited the day and night
timing and field observation either after or befdhe migration. Another
method is bird ringing which provides important dmhation such as
population, disease outbreak and demography of Hiogvever, this method
is prohibitive in terms of obtaining meaningful dnfnation, as it requires
many individuals to be equipped with rings. Thearatlas opened a new
window for studying bird migration. The quantifigat of bird migration has
been done using radar observation in the past (Baux and Belser 1998,
Schmaljohannet al., 2008). It deals with small to large samples fl'b
area range from 0.1 to 100 km (Bruderer, 2003)isuedfective in measuring
the distribution of birds in space. In additiorpibvides information about
altitude, speed, direction, date and time of deparaind height of travel,
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particularly in night. Perhaps the major disadvgetas because of the
disturbing echoes due to the large electromagmetie. It creates problems
in the quantification of migrant densities (Lincokt al., 1998). Another
technique of determining bird movements is radienetry. This method
has been use for studying different species duriagement (Lincolnet al.,
1998). The limitation is due to the size of thensmitter for detecting the
signals from the distancdhis technique is more useful for studying short
distance migrants (Lincolmat al., 1998).

The possibilities of studying bird migration hawmereased with the use of
satellite and radar tracking. Earlier research wetlted to bird migration is
mainly based on ring recovery data. Satellite tragloffers more detail
about the animal migration routes, wintering grqumaime range, behaviour
and habitat selection (Seegaral., 1996, Bobelet al., 2008). In the past,
many birds species such as cranes (Keahal., 2002), bar-tailed godwits
(Gill Jr et al., 2008), pelicans (Izhaldgt al., 2002), raptors (Haket al.,
2001), white storks (Bertholet al., 2001 and 2002) and black stork (Bobek
et al., 2008) have been tracked successfully duringtithe of migration.
These methods have provided an easy and faster aflagapturing
information about the migration than ever. The datailable from the
Platform transmitter terminal (PTT) and radar pdeviormidable challenge
to understand the spatiotemporal distribution pattbabitat use and flight
locations of migrating birds over large and sitedfic areas.

1.1. Factors influence the bird migration

A number of factors were considered for the undeding of the migration
pattern. Such factors include air temperature, aserf temperature,
precipitation, cloud cover, wind speed and diractitn the past decades
various authors have reported changes in the riograiming. The exact
timing of movements is scheduled by the weatheditimm (Richardson,
1990). According to Gauthreaux and Able (1970) Buder et al., (1997)
the direct influence of weather conditions were estbed on speed and
direction of migration. However, the indirect indloce is reported in terms
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of activity budget for determining the range ogfit (Cochran and Wikelski
2005).

Furthermore, factors related to the bird itselfoailsfluence the pattern of
migration. These factors are also divided into teaiegories, static and
dynamic. Static factor includes species age, sak inherited migration
program (Berthold, 2001). Dynamic factors inclutbesly weight and water
content (Smithet al., 2007). Though, there are many more factors for
defining the migration pattern of birds such asewt@tion mechanism
(Tankersley and Orvis, 2003) and migration physgjglorhe factors related
with environment and birds itself are responsibte fhe behavioural
decision. The activity budget of an individual hitdbitat selection, weather
conditions and static and dynamic internal condgiointeract for
determining an individual bird energy status andsisal. Nevertheless, all
these aspects are important to understand theabpatli temporal course of
bird migration. The physiological mechanism of ratiwn is almost unclear
to account for model optimisation. Furthermore, doethe simplicity of
work and time limitations not all the aspects ofjration can be included in
the current research work. Thus, the research wilikconsider only the
weather conditions to increase the understandirmyitabird migration for
developing model.

1.2. Problem statement

Large populations of avian species undertake sehsoigration from their

breeding ground to their wintering ground each ydamassive amount of
data is collected by many people including volurgeand professionals.
These data helps in drawing the distribution bomndéa species. However,
radar and satellite tracking help in identificatimiprecise migration path. It
could be link further for studying outbreak of awiborne disease and bird
collision risk assessment. It requires to presexta dn such a way as to
provide possible migration positions at space ameé.tHowever, there has
been limited research on developing the migratiedehfor such situations.
Thus, the approach towards modelling bird migratiway help in knowing

the migration route and timing in advance. Themfonay solve the issue of

3
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predicting risk associated with migration for takinthe effective
measurements. In order to develop migration moilels necessary to
increase the understanding about bird migration #ndnvestigate the
available data for model development.

1.3. Research objectives

The overall objective of the study is to increase tinderstanding of bird
migration for the model development. The intensa@mponent of the
research is to identify important criteria for dieygng model. However, the
extensive component of the research is focused mtehdevelopment and
validation using observation data for better un@@ding the usefulness of
satellite tracking data. The specific objectived #me research questions are
as following:

1.3.1. General objective

Increase the understanding of bird migration ireotd develop a GIS
model.

1.3.2. Specific objectives

(1) To identify the important criteria for developingradel explicitly
in space and time.

(2) To build a model based on identified criteria.

(3) To evaluate the model performance usimggerved satellite tracking
data.

1.3.3. Research questions

In light of the above research objectives, theofsihg research questions are
formulated.
(1) Does literature provide sufficient information fdeveloping the
bird migration model?
(2) Is the existing data adequate to meet the demancdntmlel
development?
(3) Does the literature based model perform acceptably?
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Figure 1.1: Overview of the research
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1.4. Conceptual diagram

Figure 1.2 is the conceptual diagram for the biidgration model showing
factors influence the onset of migration. Dark bloexes indicates the
primary variables, light blue boxes indicates dediconstraint maps.

1.5. Research hypothesis

In order to achieve the research objectives théoviihg hypothesis is
formulated:

* Ho: The model combining all six variables is not pemi
significantly different from the model relaying tree variables
(M1 >p2)

* Hx; The model combining all six variables is perform
significantly different from the model relaying tree variables

(M1<p2)

* Hy: The model combing all six variables is not sigmihtly
better to model relaying on three variables (u12y u

* Ha The model combining all six variables is sigrafitly better
compared to model relaying three variables (u1<u2)

1.6. Research stages

The research carried out over a period of 5 mofahswed the following

phases.

The first phase included literature review to depeh firsthand concept for
starting the research work. This phase included fivenulation of

objectives, research questions and hypothesis. Wais the phase for
collecting the available information such as saieltracking data and
images.

In the second phase, one week field work was donedllecting the bird
tracks information from the radar station. A fieldrk was done for a week
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in Malaga and Tarifa, Spain. Radar data was cetedtom the NGO
(Fundacion Migres). The pre-processing of radaa des done during the
field trip for extracting useful information.

The third phase included developing a questionraireollecting the expert
knowledge. Improvement in the methodology was mddeng the same
phase. The questionnaire was circulated to vareientists working in the
field of bird migration along with a poster for dajming the reason and
method for estimating the expert knowledge.

The fourth phase included the processing of the data such as wind,
temperature and precipitation and to identify theeshold range for the
parameters of interest based on existing literatarpert reasoning and
personal communication. In the same phase data/simalvas done for
drawing the result and conclusion of the study.

1.7. Assumptions

It assumed that altitude information on each pwsitcan be use for
separating the data into two categories stop’sramtop’s. Unfortunately,
this information was not correct for validating thmodel. Thus, the
assumption was made by estimating the distance eastwsuccessive
positions. It is assumed if the distance betweem pasitions (A to B) is
more than 6 kilometres in such case bird may badljrom position A to B.
So we considered point A as a nonstop position. é¥ew if the distance
between two positions (A to B) is less than 6 kiktraes in such case bird
position is assumed on the ground. The weatheritons were assumed as
a discrete medium for predicting the bird positions

! Each satellite tracking point represent the moméren bird is stopped (not flying) or
nonstop (flying) at a particular position
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2. Literature rewiew

Chapter two presents a review of past studiesalat bird migration. The
weather factors associated with bird migration discussed. In addition,
migration theories and evolution, as presentedelgarchers, as well as the
consequence of changing weather conditions on tiogratrategies is also
discussed in brief. In the next part, models appioe bird migration studies,
data source and different methods of studying imigration are presented.

The existence of any species is based on the emvéotal conditions
around at the globe. As the earth revolve arourdsiin on 23.5 ° tilt,
produces seasonal variation in weather conditiay, ldngth and the food
availability. Animals undertake migration to adjustith the shifting

environmental condition (Patterson, 2005). In aadrterm, migration allows
year-round activity, unlike dormancy and hibernatithe means by which
many animals live through severe seasons. The taty@rof migration is
that birds can exploit seasonal feeding oppor@sitiwhile living in

favourable conditions throughout the year. Mignmatie a common activity
for all groups of animals in a certain period ohdi. It occurs in simple
forms such as the movement of marine animals tingt themselves into the
sediments of a lake or stream. However, there maenples of long range
and intercontinental migration in many groups oéaes but none of the
groups migrate like birds do (Berthold 2001, Patiar 2005).

It has been reported that 50 billion of 400-50@ lsipecies migrate from one
place to another each year (Berthold 2001, Patte2665). The probability
of migration increases under favourable weatheditioms. In the past many
scientific papers have been published for highlighthe effect of weather
condition on bird migration. Most of them includesearch analyzing the
dependency of migration on weather conditions (Satgkovaet al., 2007,

Zalakevieius, 2001, Gauthreaug al., 2005, Zalakeviciust al., 1995).

However, results vary depending upon the speciemeSof the studies
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suggest that temperature is the most prominenbrfdotr triggering bird
migration (Penuelast al., 2002; Gordoet al., 2005; Marraet al., 2005;
Murphy-Klassenet al., 2005, Cotton, 2003), while others find that the
migration is corresponding with precipitation, wjrftimidity, cloud cover
and atmospheric pressure (Cochran and Wikelski ,2B@&kevieius, 2001,
Green, 2001, 2004, Bridgman and Maddock, 1994)s@e4 variation in the
supply of food is also reported as a motivation $tarting the migration
(Shamoun-Baranesi al., 2006). The food supply may fluctuate depending
on the surface temperature of earth. It affects gemeral timing of
migration.

The maximum assimilation curve at light saturatioetermined by
temperature indicates that the temperature reqemefor C3 plants such as
Festuca rubra, a major species for the important avian herbisoranges
from 15 °C — 20 °C in a cool temperate climate \(di¢ et al., 1978), (Fig.
2.1).
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Figure 2.1: Light response curves at several tempature
I=C3-crops in cool and temperate climates, 1I=C8psrin warm climates, 111=C4-
crops in warm climates, IV=C4-crops in cool clingt8ource : (de wit al., 1978)
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In addition, some species migrate based on intdawbrs (Marraet al.,
2005, Berthold 2001). In bird migration the levdl difficulties varies
depending upon the species. It is reported thatyrspacies tend to change
migration according to environmental conditions.rbtwer, others push the
physiological limits to fly continuously. The fliglof Bar-tailed Godwits is
reported as an unbelievable journey. They speridghemer in Siberia and
Alaska and migrate up to Australia and New Zealandtay there during
winter. In some cases these birds are reportemflyp to 10, 000 kilometres
without stopping (Gill Jret al., 2008). While other species utilize many
stopover sites on the way for gaining fuel. Howeweost Anatidae use this
strategy to migrate between wintering to breediitgss Apart from this,
various migration strategies have been developesedaon weather
tolerance, habitat requirements and flying rangdtéPson, 2005). There are
two migration strategies explained, short distaarte long distance.

Short distance migrant spends winter near to tleding ground. Long
distance migrants fly up to several hundreds dbrkétres for finding the
suitable area for wintering. Thus, the migratiomitig for short distance
migrants fluctuate highly in response to changeclimatic conditions
(Jonzenet al., 2006). In the last 40 years the long distancgramits
advanced their autumn passage through the Westeap& (Jenni and Kery,
2003). They fly through the Sahel and Shara asthding of the dry season
to reach their wintering ground. This could be ayviar avoiding the dry
season fastly. In contrast, short distance migrdetayed their migration
(Jonzeret al., 2006).

2.1. Historical explanations towards bird migration

The most challenging question in ornithology is agigearance and
reappearance of many bird species (Gauthreaux,)1982 reason of this
annual phenomenon is explained by Aristotle (Psdter 2005). The
migration of the Eurasian crane is well understbgdAristotle (Gill 1994,

Patterson, 2005). However, migration theories aopgsed on the basis of
smaller bird. It is reported that many species bt in the hollow trees or
mud of marshes (Patterson, 2005). According to ilsa some birds
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disappear or hide in the winter and reappear dutimg favourable
conditions. In 1757, Carolus Linnaeus supportedides while explaining
the hibernation theory in favour of swallows (Akars, 1993). According
Woods, et al., (2005), the Common Poorwill spends time in hilation
during winter in North America.

Aristotle has given another theory of transmutafmmexplaining the reason
of disappearance for the certain species duringvihger. He observed that
during the disappearance of Common Redstarts,dhedance of European
robin increases. He explained that two differemtibiwere alternating the
plumage of a single species. The similar transnwrtas observed between
Orphean Warbler and Blackcap (Patterson, 2005).

Another theory suggested that the smaller birdsevmet capable for flying
long distance by themselves. They latch themsedvethe large birds such
cranes and storks to migrate from one place tohanoPatterson (2005)
reported a theory published in 1703 “An Essay tavihe Probable Solution
of this Question: Whence come the Stork and théiddove, the Crane, and
the Swallow, when they Know and Observe the Apmaintime of their
Coming.” The writer of this story has given an idkat birds flew to moon
for spending the time of winter (Lincokt al., 1998, Patterson, 2005). In the
previous time bird migration studies were quitdiclifit in terms of knowing
the altitude and night migration (Lincokt al., 1998). However, with the
advancement of techniques bird migration studies rautine in wildlife
research (Higuchi and Pierre, 2005). Special teglas of bird banding has
been used for the identification and tracking ofl®i However, the recovery
rate is very little 1-2% (Pers. Comn., RahamanR.A2008). The radar and
satellite tracking has opened a new window for whgithe spatiotemporal
patterns of bird migration (Berthold, 2001).

2.2. Bird migration, timing and conservation concern

The timing of migration is guided by internal rhygth that are linked with
other aspects of the annual cycle as well. Manyglistuhave assed the
restless behaviour in a captured bird (Helm and n@wi, 2006). In the
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experimental studies of both the physiology of miigm and orientation
behaviour, restless is measured based on the bictitdty. More generally,
however, our knowledge of the endocrine controltted many different
facets of migratory behaviour of birds is still pq@Vingfield et al., 1990).
Increased day length stimulates restlessness, dpbsition and weight
increase in many migratory birds. Migration actast of White-crowned
Sparrows are under the direct control of increasiag length, mediated
precisely by an internal clock (Rattenbomy, al., 2007). The timing of
migration relates first to internal physiologichithms, but external weather
factors also play important role (Gauthreaux andeAl970, Butleret al.,
1997). Daily weather conditions, temperature andodigable winds, in
particular, also influence departure times. In pastany studies have
demonstrated the role of weather conditions inrdaténg the migration
time (Owen, 1980).

In case the changes in migration timing does ratith the ideal behaviour
of migrants, it can lead to conservation concerisg® and Both 2005,
Quader and Raza, 2007). In temperate region sprigration is expected to
advance due to warmer climatic conditions. The l@mbmay occur due to
difference between the availability of food and raigpn timing (Quader
and Raza, 2007). For instance, in spring the abwedaf caterpillars has
advanced in the Netherlands. It is not correspansliith migration timing
of Pied Flycatcher§icedula hypoleuca. As a consequence, the decline is
observed in the Pied Flycatcher population (Beitlal., 2006, Quader and
Raza, 2007). Such events have lead the consenaiimern for many other
species.

2.3. Bird migration modelling

In the past few studies have attempted to model triigration schedule
based on the energy expenditure, fuel depositiahlaad (Weber, 1998).
These models describe energy dynamics as resilighf mechanism to
simulate the timing and route of migration (Bouteh,al., 2005). These
stochastic models are complex in nature and red¢arige amount of data for
predicting bird migration patterns. Frequently,callect large amount of
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data is expensive using any of the techniques. ,Tthes simple concept
driven model based on existing literature and eaxpeasoning offers

valuable tool for studying bird migration. The dabie satellite data

combined with literature information and expert Whedge can enhance our
understanding to model the migration movement. Sucklels help us to

understand bird migration at multi spatial-temp@cales.

The relationship between bird migration and weathees been recognized
(Bouten,et al., 2005). The regression model has facilitatedpttegliction of
bird migration for preventing the collision of aiaft with birds (Ven Belle,
et al., 2007). In the concept driven model the major @mge is to bring the
non quantitative literature knowledge into quatitiadata. Fuzzy set theory
is proposed as an alternative to deal with suct &frproblem (Zadeh, 1965,
Josphe, 2007). The fuzzy set theory is based orl#ssical set theory in
which a membership function is assigned from zermre. According to
Juang,et. al., (1992) and Josphe (2007), fuzzy set is a grduplements
with the degree of support for those elements.dntrast, classical theory
permits to take only zero or one by adding the nasthip function value.
The fuzzy set approach has been used to modelafe eef processing
using various input parameters such as wind, SETP&R (Josphe, 2007).

In the context of bird migration, fuzzy set theaan use for determining the
membership function for the variable of interessHows the gradual change
from member to non member class. It revealed froenexisting literature
that bird migration modelling is less common ussugh kind of approach.
This approach may help us to understand the compiekess of bird
migration by the outlining of weather factors maiearly. The develop
model can be use for future research in the biigration field pointing the
relevant questions.

2.4. Movement data, source and error

Various sources are available for collecting thenah movement data such
as mark release recapture data, observed data ssiedjite telemetry
technology. The possibilities of collecting moverndata is increased with
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the advancement is technologies including satdlisesmitter (Bobelet al.,
2008), radar tracking (Gauthreaux and Belser, 1B8&jerer, 1997) and the
use of electronic tags (Blockt. al., 2005). The animal movement data is
received using the US National Oceanic and Atmaspledministration’s
satellite (NOAA, Fig. 2.2). The stored data is smitted to ground station
located in France and US. ARGOS receives data fjmund stations and
transmits further to the users via. internet. Lmratlata is categorised into
different classes such as Z, B, A, 0, 1, 2, 3 feing the measurement of
accuracy. It is reported that system doesn’t cateuthe error for Z, B, A
due to the inadequate reception frequency (léetd,, 2000).

Further, each method is associated with some Kimdlror. For instance, the
mark recapture method is biased due the variatiboncapturing the
individual. Satellite tracking is degraded due fhmor satellite coverage.
Radio tracking suffer due to triangulation errorestimation the position of
animal. The calibration process helps in assedbhimgtatistical properties of
error in some cases e.g. by examining the locatibe$ectronic tag captured
at know point. In past attempt has been made &oudising the accuracy of
movement data based on source of error (Pattersbral., 2008). For
instance, the incorrect locations of bird may léadhe wrong conclusion
about the preferred weather conditions. Thus, iviial to minimize the
location error in analyzing the movement data. ynainic movement
models separating the error data from the obseratiata is quite
challenging and includes various computational wdslsuch as State Space
Model (Pattersongt al.,, 2008). SSM analyze the data on the basis of
statistical analysis, error correction and estioratof a movement matrix
(Patterson,et al., 2008). The migration route of leatherback tgrtle
(Dermochelys coriacea) is studied using the SSM approach for finding the
diurnal differences during the movement (Jonstral., 2006). SSM use
non-spatial data such as temperature and pressamm fthe satellite
transmitter along the model output for estimatimg ocation of animal. The
same model has been use for studying the movenietuina, butterflies,
pigeons and wolves (Patters@hal., 2008). Though, in the current research
work it is of interest to study how the SSM modeadrks in estimating the
error in observation data.
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Figure 2.2: Mechanism of satellite tracking with ARGOS system;
Source: (Higuchi and Pierre, 2005)

2.5. Techniques, options and challenges

In the bird migration studies, conventional methbdse been used since
long. The techniques developed such as direct wdsen, bird ringing,
radio tracking, satellite tracking and radar tragkare independent of each
others and used for answering different questielaed to bird migration.
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2.5.1. Direct observation

The most oldest and frequent method for studyimg hiigration is direct
observation. Because this is the longest existiathod, it yields long term
information about population and distribution patte Direct observations
data is compiled for knowing the longest and irging migration routes
based on thousands of observation at a certain &ink location. The
volunteer based direct observation technique iiegp many countries for
the bird monitoring programme. Quader and Raza {p00cluded the
examples, Audubon Society’'s Christmas Bird CounBAlUthe Breeding
Bird Survey, UK and the Southern African Bird Atldés Britain, 1.5 million
people are involved every year in collecting obaton data (Greenwood,
2007). The method has become the source of valuabdemation for
increasing our knowledge of migration. Howevelisibeing limited due to
day and night time, ground based information aloeideparture and arrival
of birds.

The first volunteer based study for collecting direct observation started in
Finland in 1974 (Greenwood, 2007). This has contat in drawing a line
for arrival dates to conclude about the migratioming of many European
birds. A similar approach is applied in many otheuntries; consequently
detailed information is available about the chanigepopulation and the
distribution of species in many parts of the wdqBteenwood, 2007). More
recently, migrant watch has begun a volunteer basadtoring programme
for collecting the information about the timing wiigration of nine target
species in India (Quader and Raza, 2007). Wetlamerrational is also
involved in conducting Asian Waterfowl Census sint@37 (Wetlands
International, 2007).

2.5.2. Bird ringing

Another most effective method is ringing for studybird migration pattern.
It provides information about the population, bebav, disease outbreak,
breeding productivity and demography of bird. Iistmethod a captured
bird is marked and released for collecting the nmi@tion. The recovery
records of ringed bird allow us to know about thevement fact and
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consequently lead to detail information of migratidn Europe many
banding stations work simultaneously throughout year for providing
information concerning of migratory birds. EURIN&uropean Union for
Bird Ringing is actively involved in coordinatinge bird banding activities
in Europe.

Furthermore, this method is useful for studying naigpn habitat of a few

species but have shortcoming as well. The majoeigs bird ringing is that

ringed bird must encounter again after the ringimgcase the species is
hunted the recovery chance decreases. Thus, langdbers of birds are

required to be ringed for obtaining meaningful mfation about the

migration path, breeding and wintering ground. Tdmults of ringing reflect

the distribution of people instead of bird disttibn.

2.5.3. Radio tracking

Radio tracking is a technique developed for deteimgi the migration
process of birds using electronic tag. It has besed often for tracing the
migration progress. Javed al., (2003) has reported that the use of radio
tracking is restricted to limited species with tegtain movement range. The
main advantage of this technique is birds can Hecated easily in
comparison of using other marking methods. Howether limitations are in
tracing the bird or animal in dense vegetation hifigl area due to limited
detection range of signals. It requires more lagistanning for detecting the
birds than satellite tracking. Another challengetracking the long range
migrant is due to limitation of the distance ineiing the signals from the
electronic device. In many cases small birds aaeked from the aircraft
using the radio tag method. This method is founefuidor observing the
orientation pattern of thrushes (Cochetral., 2004). With prior knowledge
the method is found successful in terms of coltectilata. The automatic
receiving stations can be located all along theramign track for detecting
the signal from a particular tag.
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2.5.4. Radar tracking

Radar is a powerful tool for tracking birds in fiig The radar can track and
identify single bird for assessing their flight,egpgl, altitude and orientation.
Radar has been used for studying the flight dioestiof barnacle geese,
Branta leucopsis, and brent geeseB. bernicla bernicla, based on wind
conditions during the spring migration over Swe@@reen, 2001). The use
of radar is also demonstrated useful for studyimg wing-beat pattern of
migrants (Ruthgt. al., 2005). Migrating birds appear on the radar scies
small targets that move at predictable speed. Blafkmigrants can be
distinguished from single individuals, and the sty of each migration can
be gquantified. This system provides unique setslaid by including the
ecological interaction with the environment (Ru, al., 2005). The
advantages are that this method is weather indepénltight independent
and generally less restricted in terms of distaooeered. However, the
major challenges in handling the radar data aredeetification of the birds
on the digital screen, dealing with a massive arhafndata, and the
limitation of covering the area. The long electrgmetic waves restrict the
radar to focus the energy beam on the target, tiegubackscattering
disturbance echoes, which may lead to wrong ideatibn of the target
(Ruth, et. al., 2005). In spite of all these challenges appbeabf radar
technology is quite useful for detecting the mignatintensity to avoid the
risk of aircraft collision with the birds (Ven Bellet. al., 2007).

Figure 2.3: The raw radar images showing clutter ad flock of bird
Source: (Fundacion Migres, Spain)
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2.5.5. Satellite tracking

The advancement of technology from radio trackmgdtellite tracking has
added new dimension to avian studies. The poteuttishtellite tracking has
been demonstrated by many studies (Bobekl., 2008, Bertholdet al.,
2001). Detailed information about the spatio-terapanigration pattern,
wintering and breeding areas, behaviour and hadéattion is captured
using satellite tracking method (Kanaial. 2002). The information about
the incredible journey (10,000 km) of bar-taileddgit (Limosa |apponica)
from New Zealand to china is also a result of $geltracking
(http://www.werc.usgs. gov/sattrack/shorebirds/alldrtml). The main
advantage of this technique is assessing the ohaibibird locations over a
large area. In the last few decades satellite imgckecame more popular
due to the refinement in transmitter weight, shapd size (Javeet. al.,
2003).
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3. Materials and Methods

Evidences are given for utilizing the model to detiee the favourable and
unfavourable weather conditions. Acquisition ofediat terms of availability
is taken in consideration for retrieving the partereof interest. The reason
for selecting the parameters of interest includimg threshold range is also
discussed. This approach is used for producing wpub in the form of
suitable and unsuitable conditions resulting froombined maps in time
series using the developed criteria.

3.1. The Study area

The study area includes one of the most poteryakfy, connects Europe to
Russia and Siberia. This is a well know migratayyte between breading
and non breading sites of Russia and Europe. Irofeuimany species
(geese, swans and ducks) traditionally migrate ftheir wintering ground
(The Netherlands and Germany) to their breedingimpto(Russia) using
different routes. They mainly travel using threeognized routes from
Europe to Russia; Western Palaearctic continelyahl along with North
Sea and Black Sea flyway. The main focus of thdysts on the North Sea
flyway (Fig. 3.1). The North Sea flyway connectssBa to Europe via
Scandinavia, the Baltic basin and the North Se& Western Palaearctic
flyway connects tundra and taiga belt of Russid \Eitirope (Van Eerdesrt
al., 2005). However, Black Sea flyway connects Russi&urope through
the Mediterranean Europe and Western Asia. In tesfmmigrant number,
North Sea flyway is reported as an outstandingerdat many migratory
species (Gilberet. al., 2006). The western Palaearctic continental fiyiga
used by approximately 9.3 million herbivorous (Maerden,et al., 2005).
The approximate length of the migration routes3E90 km. In the month
of October birds starts to arrive in Europe (Thahddands) and may stay
up to mid April. On the migration routes few sitegch as Gotland in
Sweden and Estonia are reported to be used asvstoglong the flyway for
refuelling and resting (Gantet al., 1999). However, agriculture field and
costal salt marshes provides foraging sites. Timtewistaging site is mainly
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located in the Dutch islands (e.g., Schiermonnilofog many Anatidea
species. However, West Siberia lowlands (WLS) eported as important
breeding site for waterfowl, covering an area af48,000 km2 (Gilbertt
al., 2006). Two distinct migratory avenues have besfindd depending on
species. The narrow route between the NetherlamdiBaltic Sea to Russia
is used by dark-bellied brent geese and barnaodksegeln contrast, the
greater whitefront and bean geese migrate usingwide front from the
Netherlands to Russia through Eastern Europe (\éadeh et al., 2005).
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Figure 3.2: Generalized flyway in western Eurasiadr Anatidae poulation
1. North Sea population; 2. Black Sea-Mediterraneapopulation; 3. Caspian
Sea population; and 4. Siberian- Kazakhstan populadn. Source: Boere and

Stroud (2006) and Isakov’s (1967).
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3.2. Data description and processing method

3.2.1. Geese migration data

This Geese migration data is provided by SAVON,Ne¢herlands. On 14th
April, out of the eight Geese which were equippéith (PTT) transmitters in
Holland in 2008, six of them flew towards RussigheTavailable data
includes the information about the position of thieds, ring nhumber and
time.

The attached transmitters were supplied with tHars@charge batteries
(Microwave Telemetry PTT 100). The transmitter siignis intercepted by
the polar orbit satellites (NOAA) and received aatiquarters of American-
French Company ARGOS. The ARGOS system is desciibéide part of
literature review. The data was filtered to exclutie inaccurate points
found away from the nearest tracking times andtiooa. A total of 4,297
locations were obtained and 934 of them were usedcdnstructing the
migration track of 3 individuals. The tracks wemnstructed on the basis of
directional movement recorded away from the winggrisite. All the
individuals were also tracked during the migratimom breeding to
wintering ground, but the data is not includeddonstructing the migration
route due to the incomplete tracks. The winter atign started from the
mid to early may. The observed mean departure ftsitethe Geese was
April, 11th, 2008 (rage April, 07th — April, 14tB008, n=5).

The individuals equipped with the transmitter num#801 and 48045 left
the wintering site on April 7th, 2008. However, trar individual equipped

with the transmitter number 48044 departed on Amth, 2008. Two

individuals, transmitter number 48046 and 48047 daf April, 13th, 2008.

The remaining individual (transmitter number 48048rted migration on
April 14th, 2008. The Geese traversed using thalNSea migration route
across the Germany, Denmark and Estonia to thedimgeeareas. The
migration distance of tracked Geese from winterdimga to breeding area
ranges from 3,500 km-3,600 km. Most of them used onmore sites as
stopover.
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3.2.2. Metrological data

The influence of weather condition on temporal apatial migration is
investigated using meteorological data from the MOMational Operational
Model Archive and Distribution System (NOMADS), USA
(http://nomads.ncdc.noaa.gov/). The gridded datarésiuced using NCEP
Global weather forecast system (GWF) and has a lafitude x 0.5°
longitude global grid. Each grid cell representsatue for two different
forecast hours (09 and 15) for selected varialilas. attempt was made to
use the initial hour data for avoiding the erropgagation from one hour to
another. However, the initial hour dataset was lmting all the selected
variables and the timing of forecast was not matghvith the timing of bird
migration. Therefore, the decision was taken tdyaeathe forecast data at
09 and 15 hours. The dataset includes forecastl®r hours (temporal
dimension). However, the research has used onl? teenporal dimensions
for the sake of experiment. The dataset includesymariables such as
surface temperature, air temperature, relative tityni solar radiation,
precipitation, and U and V component of wind, ckdted up to 26 vertical
layers. Wind speed, direction, precipitation, clamader, air temperature and
surface temperature are used to determine the areatimdition during the
migration from April 11th to June 30th, 2008. Th&/6 model data were
extracted from several grid cells across the migmatoute. These grid cells
were used for finding the positions suitable andsuitable for bird
migration.

3.2.3. Input variables

The first stage in modelling is the selection ofialles required for the
analysis. The variables were selected based orbasir facts. Firstly, the
model is used for the simplification of complex geeses. Therefore, the
variables about which information is not availabler drawing the

conclusion are omitted from the analysis. Seconsiiyne of the variables
are not used due to the difficulties in obtainifibe availability of data is the
prime importance when applying GIS. In the curmesearch work, weather
data was retrieved from the high resolution GWF ebodperated by the
National Oceanic Atmospheric Administration (NOAAJII the datasets
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were retrieved at 00:09 and 00:15 UTC (UniversahdiCode). The 8 bit
GRIB data files, containing forecast data were doaged by constructing
URL links from various data catalogue. A total d?43data files were
retrieved. The surface temperature, precipitatioth eoud cover data were
obtained at 2D level. However, wind U and V compunand air
temperature were obtained at 100000, 92500 and08paQpressure levels
(approximately 0, 750 and 1500m altitude). Theseatses are shown in
table 3.1 and will be described here very brieWind speed and direction
are computed using U and V component of wind agctetl pressure levels.
All the retrieved files were processed for subisgtthe study area. The time
aggregation function was wused for integrating thatad over the
corresponding migration period (April, 11th — JuB8th, 2008). The details
of forecast data used are given in appendix 1.
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Figure 3.3: Global weather Forecast model (GWF) dat products
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3.2.4. Air temperature

According to the literature, air temperature is ¢ohe important factor for
triggering the onset of migration (Zalakevieius020) Thus, given the air
temperature is a significant consideration for gimy the suitable weather
condition. The low day air temperature (4.92 + 03 is reported for
triggering the take-off for the geese (Zalakeviei@)01). Therefore,
temperature of 274.15 k — 283.15 k is consideredgwasble conditions
while less than 274.15 k and more than 283.15 kpésature region
considered as not suitable.

3.2.5. Wind direction

Another important weather variable is wind direstiDepending upon the
wind direction bird appears to adjust their migrattiming for maximizing

the tailwind. Thus, include the wind direction withe speed is a key
element in modelling the migration phenomenon. Wdirdctions computed
using U and V component of wind at 3 different lné$g(100000, 92500 and
85000 pa) and at different hours of the day. Therage calculated track
angle was 70 degree from the North. The flighbiods can be limited with
the 20-30 degree angular deviation in the wind afioe (Pers. Comn.,
Green, 2008). Therefore, movement aligned withktidicection, 220 — 280
degree is considered a suitable wind direction. él@x, below 220 degree
and above 280 degree angle is defined as not kuitahditions of wind.

3.2.6. Wind speed

Several studies indicate that migration activityp@sitively correlated with
wind speed. Hence it's important to take wind spé®td account for
determining the suitable weather conditions. Wipdesl is also commuted
using U and V component of wind at 3 different iesgand at different
hours of the day as wind direction. In many otkerdies, calm wind is
defined as suitable wind speed for birds to flye@r (2004) has analyzed
several bird tracks over the Sweden using radardosgrved 95% of the
tracked flocks were following tailwind with the smkof 8.3 m s-1 (Green,
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2004). The geese can fly with the speed of 16-18"rirrespective of the of
wind direction (Pers. Comn., Green, 2008). Themfdhe speed of wind
from 0-16 m s-is defined as most suitable in the criteria. Hosvewind
speed exceeding 16 m s-1 is included as not seitaiiditions.

3.2.7. Surface temperature

The surface temperature is another trigger for atign onset. The

motivation for starting the migration also depeng@en seasonal variation in
food supply (Shamoun-Baran&sal., 2006). The food supply may fluctuate
depending on the surface temperature. The temperegquirement for the

growth of C3 plants such &sstuca rubra, a major foraging species for the
avian herbivores ranges from 5 °C-30 °C in the deahperate climate

under optimum light conditions (de Wé al., 1978). Thus, in order to
establishing criteria for surface temperature, eang temperature from 5

°C-30 °C is assigned as a suitable condition far ¢nowth of grass.

However, the rage below 5 °C and above 30 °C issifiad as not suitable

conditions.

3.2.8. Cloud cover

Mingozzi, et al., (2008), state that clear sky can favour the depafrom
the stopover sites. Thus, cloud cover is also apoitant factor when
demining the suitable weather conditions for bingination. As a matter of
fact (Zalakevieius, 2001), suggest that little dimess with other favourable
variables triggers bird migration. Wege and Rawgli(l983), tracked 13
Geese and observed that maximum birds departed timelelear to partial
sky due to the clear visibilty. Therefore, 0-25%uxl cover was assigned as
a suitable cloud condition. Cloud cover more th&%02is defined as not
suitable condition for birds to migrate.

3.2.9. Precipitation

The amount of precipitation also influences theratign of birds. Bridgman
and Maddock (1992), has reported that migratingsbavoid rainy weather
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conditions. The reason for avoiding extreme rainf&ldue high energy

expenditure and poor visibility. Therefore seveaathors suggested that
migration take off occurs in the absence of preaijmn followed by other

variables (Zalakevieius, 2001). In order to creategry map for Boolean

integration method, precipitation layers were dfess$ into two categories

namely suitable and unsuitable conditions. The afidathe precipitation of

0-1 mm considered as suitable condition. Howeueg, fdrecipitation rage

exceeding 1 mm is included in unsuitable class.

3.3. Expert model development

The bird migration modelling section provides evide for the model
utilized for determining the suitable weather cdiodis in time series. The
suitable weather conditions were determined baseddentify criteria,
resulting from the weighted and combined climagigelrs. Clevengest al.,
(2002) used weighted linear combination for incogbog the expert
opinion individually and from the published litenag for the black bear
(Ursus americanus) study. It is reported that numerous criteria mhet
consider for applying the weighted or linear conaliion (Thoso, 2007). One
of the criteria is to process large amount of datguickly as possible. Thus,
Geographical Information System (GIS) is found aaast suitable tool for
processing and analyzing the large amount of date. indeed an ideal
method for determining the suitable conditions iimd migration due the
efficiency for storing, analyzing and displayingetHarge amount of
information based on user-defined specificatione Jistification of this
study, after identify the criteria for determinitige suitable conditions, was
to develop bird migration model using Geographicdbrmation System
(GIS).

In this research work composite suitability anayapproach is used for
determining the suitable and unsuitable weatherditions using map
overlays. The further extension includes analyzing predicted suitable
conditions using statistical analysis. The mainrapph was to utilize
developed model for combing and integrating of mé&psletermine the
suitable migration conditions. In GIS a number tegration models are
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reported. The study, however, used two, Boolearid_agd Weighted Index
Overlay models (Frantzis, 1993).

The Boolean operation is the simplest availableehodGlIS. It includes the
combination of binary maps resulting from conditibfunction. The method
is found practical and most applicable for estéintig a set of deterministic
rules (Dikshitet al., 2000, Thoso, 2007). The model used for applyirey
Boolean function for classifying a set of inputsp®aThe classified maps
used as a layer of evidences in time series. Theusamap layers combined
together for supporting the result. Each locatiothie final output represents
either suitable or unsuitable weather conditionsweVer, this approach
involves the comparison of pixel values. The congoar is a process for
matching the pixel values of one class to anoffieerefore, the value of two
same pixels at one location must be combined fmmesenting the suitability
or unsuitability in final output. The miss matchiween any of the pixel at a
particular position will limit the all variables fehat location.

Furthermore, as a second approach, variables weighed on the basis of
there importance. This approach has benefit owverstimple Boolean logic
operation. In this approach, each class is assignedue ranging from 0 to
1 based on importance. The same steps are appliethér variables also.
Finally, these layers are combined using multiplcca Thus, a low
suitability class of one layer may combine with thigher suitability class of
other. The output will be suitability map rangimgrh 0-1. In past several
techniques has been reported for assigning thehwvéigvariable such as
Analytical Hierarchical process (AHP) (Satty, 1977hdices Weight
Method (IWM) (Diakoulaki, et al., 1995) and direct weighing method.
However, weight estimation is controversial issunel @lepends upon the
criterion and their importance in defining the pbeenon (Siddiquiet al.,
1996).

The selected variables were scored using pairweexdeveloped by Satty
(1977) for applying an analytical hierarchy procésidP). The Eigen vector
was calculated in the context of assigning weigheach parameter. The
subjectivity associated with assigning the ratesl aweight to all the
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variables is unavoidable. The output can be infieemn the basis of
assigned weights. The author has no prior knowledigit the importance
of variables and believes there was no bias irgasg) the weight from the
literature.

The fuzzification of all the parameters was donfotgemultiplying with the
respective weights. It involves assigning a functichich best represent of
changing weather conditions during bird migratiaii.the parameters were
normalized from 0-1 using appropriate function lobhsm the available
information. Burrough and McDonnel (2005) have dgsed different
curves (linear, sigmoidal, triangular, etc) for ahing the grade of
membership. The most common membership functiomdirmear, S shaped,
J shaped, trapezoidal and Gaussian The graduabiseior decrease between
0 and 1 is assigned using different membershiptiomcThe S-shaped curve
represents the smaller changes near the controt guan halfway. The J
shape function gives the steep drop from high kilita The Gaussian
function represents Bell-shaped curve and be easlgted with the
statistical value of parameters (Robinson, V. BQ2 Josphe, 2007). We
used the linear, S-shaped and trapezoidal membpefshctions depending
upon the nature of parameter of interest. The meshie curves were
constructed before implementing the function intdtveare (Fig.3.5-3.6).
Finally, the suitability maps are computed by nuphljfing all the calculated
weight with the respective fuzzified parameter.afin all the maps were
added together.

3.4. Variables at pressure level

Air temperature, wind direction and speed data wescessed at three
pressure levels (100000 mb, 92500 mb and 85000 Thig) altitude of geese
was not determined and it is unlikely that they mraig at constant altitude.
In the current research this was beyond the sappmdlyze data at various
heights; so we selected 95000 mb geopoténtigight. This was based on
height at which geese flight direction was analyedstudying the shift in
migration path (Green, 2001).
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Figure 3.6: Membership function used for assigninghe gradual transition
a) Wind angle (degree), b) Air temperature (Kelvin), c)Surface temperature
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Figure 3.8: Environmental variables after applicaton of membership function
onto original parameters
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4.  Analysis and results

The criterion was taken into account for developihg model in chapter
four. The model development engaged three stepscrided in the
methodology part (Fig. 3.4 and 3.5) such as prefamyi data processing and
criteria identification, Boolean logic and weightiedex overlay process and
model validation. In the preliminary analysis fefitte input variables were
processed for deriving the parameter of interesh &1 U and V component
of wind. However, some parameters were directhduee the further step.
Boolean login and weighted overlay process wasiegdbr producing the
constraint maps. The model validation step involeethparison between
predicted and observed records. The technical apprwas also employed
to look into the detail of data availability andjuérement for the modelling
purpose.

4.1. Satellite tracking data

The positional data was linked with the model diia comparing the
observed viz. predicted records at particular pmst The following file
format prepared for data linking.

Bird Transmitter The number of the transmitter used for tracking
number the individual
The date of capturing position of bird, formatted
with DD.MM.YYYY
Positiony The latitude of the stop/nonstop (degree)
Positiony The longitude of the stop/nonstop(degree)
Distance Distance between successive locations (Km)
Table 4.1: File format for intersecting positionaldata with model outputs

The date captured

Following the data structure, .csv files were addbr representing the non-
stop and stop positions of birds for comparing whita models prediction.
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4.1.1 Data requirement and availability

A number of techniques are being used for studyiigi migration

(described in literature review). In the currensearch two different
techniques viz. satellite and radar tracking weqa@lared for understanding
the requirement and availability of data as a nedea for developing a
model. The research has outlined the necessammatmn required with the
available data. The current available satellitekireg data is attributed with
very limited information. The information requiradd available is shown in
the table 4.1. The tracking data is supplied by ARG(discussed in
literature review) containing technical and engiiv@e data. In the current
research only the technical data is used for mimgelpurpose. The
engineering data is also required for adding moferination into technical
data. These two data sets were not having the s#orenation for any of

the attribute to link together. Thus, the enginegriata is not linked with
the technical data.

Further, the radar data set includes informatioauailthe date, time and
position of birds. The radar data explored in theent research was lacking
the necessary information (table 4.2). These tvwia dats can be supplied to
the user with the necessary information for effectise. These data sets are
composed by the attributes that are the featuredoelating the information
with target data using ViSAD data model. The featwvith geometry
described the data object such as position of Witting the display. Thus,
the mathtype of data is important for supportingAD data model. The
metadata is defined on the basis of mathtype, @uigrdinate system.

The following syntax is used for defining the mgie of object:

(latitude, longitude) =>
(air temperature... air temperature) )

Exanpl e:
Index =>(latitude, longitude, Day, Month, Year) &ir temperature. day 1,

...,alr temperature. Day n...... variables....,n)
#time sequences of multivariate 3-D grids
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The output of the model is as following:

(time => ((latitude, longitude, Day, Month, Year}(=air temperature. day 1,
...,air temperature. Day n...... variables....,n)))

#time sequences of multivariate 3-D grids

Taking the user requirement into considerationatiéitional information is
needed to improve the modelling approach using WisAhe mathtype of
object should define on the basis of additionabrimfation given in table
(4.2).

Index =>(latitude, longitude, Day, Month, Year,italle, positional error,
pressure, air temperature)=>

Output:

time =>(latitude, longitude, altitude, positionalrra, pressure, air
temperature)=> =>(air temperature, surface temperatcloud cover,
precipitation, wind speed, wind direction)))

#time sequences of multivariate 3-D grids.

Data required

A B CDEZFGMH I J KLM

Position v \

<|

Day

Altitude

HGFEDCBA

Wind direction

Data available

Positional Error

L KJ

Satellite Count

M

Note:V indicates available and required data
Table 4.2: Information required and available for model input
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Direct
observatio
n

Satellite Radar Radio Bird
Tracking Tracking  Tracking Ringing

PTT ID
Position

Time

Day

Year

Altitude

Wind speed
Wind direction
Air temperature
Positional Error
Pressure

Satellite Count
Note: indicates available and required data

Table 4.3: Information available at present

X

Transmitter 10: nurmnber
Distance: number

Stop/flying observation: Mumber
Latitude: Murnber '
Longitude: hurnber

Data type: GRIB (time sequence)
Predicted class: Boalean
Wertical height: number

Year: numnber

Manth: number

‘Day: nurnber

Unit: Unit less

At &mp: Surface temp. | | | (':Jo_ud-o:v_ef'_. | Precipitation
AT: number AT: number CC nurmber Pre: number
Unit: Kelein Unit: Kelvin Unit: % Unit: rm

Figure 4.1: Flow diagram showing data structure
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4.2. Results

4.2.1.Results of Boolean logic models

Each of the variables is classified into 0Os anaviich have an influence on
migration. The adopted criteria was applied to igpaiata using else and if
functions. The final constraint maps were compwaedhe multiplication of
all the temporal layers (see Fig. 3.4). The vabfetireshold limit are given
in table 3.1. The model including all the selectetiables namely air
temperature, surface temperature, cloud coverjpptation, wind speed and
direction is shown in the equation 1 (Model 1).

S(A) =AT xSTxCCxPRExWSxWD.......... [equatior]

In second approach, model was run including ontgahvariables namely
cloud cover, precipitation and wind speed. The rhadlén three variables is
shown in equation 2 (Model 2).

S(B) = CCxPREXWS......... [equation?]

4.2.2 Models performance assessment

The model data structure is shown in Fig. 4.1.him first test, observation
data was overlaid on the final constraint mapsotaltof 934 positions were
pooled from three different tracks for comparing tmodels. McNemar’'s
test was used for comparison (de Leewiv,al., 2006). The results of
McNemar's test shows that there is highly significdifference between the
two models at a confidence interval of 95% (tra@041; P<0.00, track
78043; P<0.00 and track 78044; P<0.00). Model 1diaskified 3 positions
as 1 for track 78041 which has been misclassifiedMbdel 2. However,

Model 2 had classified 94, 94 and 104 position$ &w track 78041, 78043,
78044 respectively. These positions had been msisified by Model 1.

Hence, based on the results the hypothesis of quprbrmance of two
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models cannot be accepted. There would have beancehthat the one
model may have performed better than the otheafgrof the events (stop
and nonstop events). Thus, both the model data fikesed for further
investigation. The distribution of observed stopd amonstop events are
shown in Fig. 4.2.

Model 2

Model 1 0 ij Total

0 221 94 315
1 3 7 10

224 101 325

Table 4.4: Frequencies of correctly and wrongly
classified positions for track 78041 by model 1 and

Model 2
0 gl Total
0 219 94 313
1 0 6 6

219 100 319
Table 4.5: Frequencies of correctly and wrongly
classified positions for track 78043 by model 1 and

Model 2
0 gl Total
0 185 104 289
1 0 1 1

185 105 290
Table 4.6: Frequencies of correctly and wrongly
classified positions for track 78043 by model 1 and
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78041 78043 78044

Difference of proportion 95%ClI 0.28 0.295 0.395

P value <0.0001 <0.0001 <0.0001
Table 4.7: McNemar’s test

Tracks

It was expected that the models performance woelsidgnificantly different
for one of the event (stop or nonstop). The obskdeta used further for
separating the model 1 and 2 data into stop and stop events. The
frequencies of stop and nonstop events of modeld12aare shown in table
4.8.

Stop and Nonstop frequencies

78041 78042 78044

Track number

Figure 4.2: Graph showing frequencies of stop andanstop events

Tracks Model 1 Model 2

Stop events  Nonstop events Stop events  Nonswpse
78041 315 10 224 101
78042 313 6 219 100
78043 229 1 185 105

Table 4.8: Frequencies of stop and nonstop events (Model 1 aiibde?2)
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4.2.3.Models comparison

The Chi square statistic was applied for companmuglel 1 and 2 based on
observed stop and nonstop events. The resultsiwea o table 4.15. The
degree of freedom is calculated as (r-1)(c-1) irictvir is number of rows
and c is number of column (see table 4.15). Thecativalue at 1df is 3.84
(p=0.05). It is observed in table 4.15, that avehagnodel 1 is significantly
different from model 2 for the stop events of tra@041 and 79043Zs:0p
events > X2critical)- THUS, reject the null hypothesis (two models ai
significantly different for stop events). Howevdor the nonstop events
averagely these two models are not significantffetint ¢2nonstop events<
Y2qriical)- Therefore, fail to reject null hypothesis, canhaccept alternation
hypothesis at 95% CI for nonstop events. This nedx investigates further
by changing the threshold (distance assumptiondtfiqy and nonstop events.

Further, the Chi square statistics was used ta itife superiority of one
model to another using observed data. The Chi equelue is an index of
the goodness of fit of each model. The differeneawben two models is
computed by looking at the difference between Chiase values, used to
test each model with observed data. Nine hundriety flour positions were
used from three different tracks for models congmari The results of
models comparison are shown in table 4.24. Theltseegudicate that the
model 1 is not significantly better than the mo2I¢Chi square statistiGg e

1 = 0.03ack 78041 2.824ack 78043 8N 0.0Z2rack 78044 Chi square statistiGgel 2=
0.09ack 78041, 0.024ack 78043 @NA 3.13ack 78049 The results suggested that the
migration events (stops and nonstops), is not égdabetter using any of
these models.

Model 2 Total Model 2 Total
Model 1 0 1 Model 1 0 1
0 183 76 259 0 38 18 56
(179.5) | (79.5) (37.7) | (18.3)
1 2 6 8 1 1 1 2
(5.5) | (2.5) (1.3)| (0.7)
Total 185 82 267 | Total 39 19 58
Table 4.9: Chi square test for stop Table 4.10: Chi square test for

events (track 78041) nonstop events (track 78041)
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Model 2 Total Model 2 Total
Model 1 0 1 Model 1 0 1
0 194 84 278 0 25 10 35
(191.2) | (86.8) (23.6) | (11.4)
1 0 4 4 1 0 2 2
(2.8)| (1.2) (1.4) | (0.6)
Total 194 gg| 287 | Total 25 12 37

Table 4.11: Chi square test for

stop events (track 78041)

Table 4.12: Chi square test for

nonstop events (track 78041)

Model 2 Total Model 2 Total
Model 1 0 1 Model 1 0 1
0 149 92 241 0 36 12 48
(148.4) | (92.6) (36) | (12)
1 0 1 1 1 0 0 0
(0.6) | (0.4) O (©
Total 149 93 247 | Total 36 12 48

Table 4.13: Chi square test for

stop events (track 78041)

Table 4.14: Chi square test nonstop

events (track 78041)

Tracks 78041 79043 78044
Stop eventgy2 7.6 8.95 1.61
Nonstop eventg2 0.28 4.4 0
DF 1 1 1
Alpha level 0.05 0.05 0.05
¥2 critical 3.84

Table 4.15: Comparison of Chi square values
(Stop and non stop events)

48



Towards Modelling Bird Migration Using Environmental Variables

Model 1
iy Total
0 259
1 56 2 10
249 76 325

Table 4.16: Chi square test (track
78041)
Model 1
iy Total
0 278 4 282
1 35 2 37
313 6 319

Table 4.18: Chi square test (track

78043)
Model 1
Obs. 0 1 [Feel
0 241 1 241
1 48 O 0
289 1 290

Table 4.20: Chi square test (track
78044)

Tracks 78041

x*Model 1 0.03
y*Model 2 0.09

DF 1
Alpha level 0.05
X2A 1.64
Chi square critical Rz

Model 2
- ] Total
0 185 82 267
1 39 19 58
224 101 325
Table 4.17: Chi square test (track
78041)
Model 2
iy Total
0 194 88 219
1 25 12 37
219 100 319
Table 4.19: Chi square test (track
78043)
Model 2
Obs. 0 ] Total
0 149 093 242
1 36 12 48
185 105 290

Table 4.21: Chi square test (track
78044)

78043

78044

0.02 0.02
2.82 3.13
1 1
0.05 0.05
0.09 0.13
3.84 3.84

Table 4.22: Comparison

of Chi square values
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4.2.4 Models validation

There are different ways of comparing the accuracgrediction. The well
described methods for presence/absence of dataxomfeision matrices,
classification tables and Kappa statistics, (Vatésat al., 2008) which we
have also used. The confusion matrix was usedlfistriating the number of
true positive, false positive, false negative am@ frecords correctly
predicted by model (table. 4.16-4.23). The coryectassified pixels are
shown on the diagonal column of the matrix. Errércommission and
omission are shown in off diagonal column (tabld644.21). The producer
and user accuracies were estimated for calculétiegrror. Also, the kappa
statistics were calculated for model 1 and 2, #tatistics serve as an
indicator of the extent to which the percentageramirvalue of an error
matrix are due to true agreement versus chancecragrd. The overall
accuracy was equal to expected accuracy (Fig. 43-fhe Kappa states the
accuracy if the truth is known. The results of Ka@pa statistics have been
graphically depicted in Fig.4.3 and 4.4. Interagiirthe kappa results depict
that the model accuracy are random. In the cunesgarch the subjectivity
is involved in producing the model and categoriziihg observed data. The
total number of nonstop events was very low in cangon of stop events.
Thus, the proper evaluation of models is diffichdtsed on the confusion
matrix.

Producer Accuracy (%)  User Accuracy (%)
Stop events 0.83 0.69
Nonstop events 0.19 0.33
Table 4.23: Producer and user accuracy resulting
from the error matrix (track 78041)

Producer Accuracy (%)  User Accuracy (%)
Stop events 0.89 0.69
Nonstop events 0.12 0.32
Table 4.24: Producer and user accuracy resulting
from the error matrix (track 78043)
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Figure 4.3: Graph showing observed and
expected accuracy for track 78041
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Figure 4.4: Graph showing observed and
expected accuracy for track 78043
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4.2.5.Results of weighted index overlay model

In the weighted index overlay model all the sixighles were used for
predicting the suitable and unsuitable weather itimmd Each of these layers
was classified into ranges from 0 to 1 using fulmyic technique (Fig. 3.4

and 3.5). Further, these layers were multiplyinthveistimated weights (see
in table 4.25) and then combined for production fihal model, shown in

equation 3.

S(A) =AT *0.318xST* 0.210xCC* 0.057xPre* 0.043x WS* 0.150x WD * 0.221

.[equation3]

The class boundary could not define due to the tomwstraint. Therefore,
the model validation is not performed. From theultssgiven above, it is
proved that the results of the models are not amrate as expected.
However, the model including three variables hagemislightly better

results than the model with all variables. We hawvée caution about the
uncertainty in observed data. The observed dataots attributed with

necessary information such as correct altitude pegature and positional
error (see section 4.2). It's not the result expécin the beginning of
experiment. Therefore, it is expected that in feitorore accurate data will
be collected and change the situation.
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Figure 4.5: A 3D view of weighted index overlay maogl
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5. Discussion and conclusion

This chapter presents some important points thag baen unearthed by the
research. Selecting and applying methods for fipdihe suitable and

unsuitable weather condition involves considerawérmore than just the

combination of various layer. Additional consid@atshould include the

distance from the adjacent suitable pixel withire thayer and the

accumulation of values of parameters of intere#t tine rather than simply
overlapping different layers of geographical infation. The approach
based on the accumulation of values of parameténtefest and distance
from the adjacent suitable pixel may extract thergs and interesting

pattern with the tracking data in order to underdtaird migration more

clearly. This is something need to be tested furthe

5.1. Literature based information

The study revealed that the literature based irdition is too general to use
as an input for model development on a large s@dlis. information can be

use in case data necessary for empirical modeatiavailable. The available

literature based information is non quantitativenature. Thus, the research
does not advocate the modelling bird migration @sigely on the basis of

literature only.

5.2. Data requirment

There are various method used for collecting thgraion data (described in
chapter 2). However, none of these methods alore dot make it possible
to forecast bird migration information. In the aysas, it was observed that
the structure available satellite tracking datadssufficient enough to meet
the demand for model development. The availabla diatks necessary
information such as satellite coverage for caléndpthe positional error (see

55



Towards Modelling Bird Migration Using Environmental Variables

4.1.1). Therefore, higher quality of data is regdito meet the demand for
developing and validating model with higher accyrac

5.3. Model performance

The research has attempted to compare the modelpeance against each
other. The test showed the overall performancenef model was different
from the other. The further investigation indicatdsat models had

performed differently for the stop events thanrbestop. This could be due
to the surface weather conditions at stopover iposit However, these
results remain uncertain due to the lack of necgssdormation such as

accurate altitude for classifying observed dataremily into stop and

nonstop events.

5.4. Merits and demerits of method

The methodology used in this study was considemedéd appropriate.
Beyond the calibration of model, research has @nésl approach towards
modelling bird migration on a large scale. Though,could not provide the
strong evidences about the overall accuracy ofpttegliction due to the
uncertainty in observed data. Further, it wouldbeaeficial to incorporate
additional information, which is not included inther of the model. For
instance, the onset of migration could be due tkeertbrating living
conditions in terms of availability of food. Thue departure of migrant
will depend not only on the current condition buatthe prior conditions as
well. The model tested in this research work inmficassumes that the
specific day conditions could trigger the migratiéithough, the bird could
be sensitive to the number of day’s where weatbaditions is above or
below the threshold level than to the specific dagpditions. Therefore, to
flag a pixel as suitable on the basis of prior ¢imas with the accumulation
of time may strongly influence the model.

Furthermore, the migration mechanism could be ddfimsed on the leaving
conditions in the area bird are living, weatherditian during migration and

in the area birds are heading. The model showsamymechanism, namely
weather condition during the migration. Howeveedh three mechanisms
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not necessarily function independently of each rothat interact for
triggering the migration. For instance, there cobkl linear relationship
between average value of surface temperature antintle period birds are
sensitive to meteorological conditions at breedjngund. However, at the
same time the surface temperature may be optimuwiraéring ground.
Thus, in response to temperature influence eiteest aush or a pull birds
start to migrates from one place to another. Ine@iing such mechanism in
the model will be interesting for future researabrky

The choice of migration is influenced by highly dynic weather conditions
such as temperature. The temperature is a consnwatable and not
limited to only a point. However, the model hasdiskee temperature as
discrete variable by converting into suitable arat suitable class. The
dynamic model has to cope with continuous natutb®predictor variables.
The effect of this could be influence the selectibisuitable pixel. In reality

bird might have fly near to pixel consisting suleaiveather condition but at
the same time pixel beneath the trajectory hasitatde conditions. Thus,

the distance measurement is required from adjguigat to flag a pixel as

suitable or unsuitable (Fig. 5.1).

Unsuitable pixel =~ ™.
Bird trajectory \ / ’

e =t

. R 4 .
Distance from Suitable pixel
adjacent pixel

Figure 5.1: Air temperature aa discrete medium
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Bird trajectory

Figure 5.2: Air temperature as aontinuous medium

5.5. Reasons to exclude variables

The research has decided to use six variables @rbdsis of published
literature and the data available. Though, in #tmed mode three variables
were considered after testing the various combinati The published
information could not ignore on the basis of unexpé outputs of model.
There could be certain reasons that a particuldable has not contributed
in the model. For example, it may be inappropriatassume that the growth
of grass would be correlated with the increasingperature all along the
migration route. There could be chances that tbevtr of grass may not be
synchronizing with the increase temperature touibel into the model.
Predictability of grass growth could be higher bedw certain points and
lower between others based on temperature. Soabgegmigration could
better match with some part of migration route oflligis could be a reason
that model has not taken temperature into accaunredicting the suitable
conditions all along the migration route. Besidas,tthe air temperature is
also excluded due to not making expected contobutn predicting the
migration. The given air temperature was taken ftoenliterature specifying
the conditions for the geese migration over the dame It may unlikely to
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assume that the bird migrate at a constant rager démperature over the
entire migration route. The given air temperatonay be appropriate for
predicting the suitable conditions over the Swetthan the other areas.

The reason of excluding wind direction from the mlod due to finding

difficulties of tracking geese always with the waild. It has been reported
that geese have possibility of flying with headwizidd sidewind as well.

Therefore, the suitability to pixels could not besign based on tailwind
only. The strategies of flying with the wind dirieet could be based on
speed. For instance, if the speed of tailwind ghér than the speed of bird,
the bird may drift from the original track. Thubgtbird can try to avoid the
tailwind with higher speed. Another challenge waéind the sector of wind

which could support the flight with tailwind. Theclsion of excluding wind

direction was taking after testing the differentethold of wind direction

from +5 degree to + 30 degree of tailwind. The sedf wind could also

vary depending on the direction of wind. For ins&in case of headwind
with the low speed bird could fly with the wide wirsector. However, in

case of tailwind birds can follow the narrow seabbrwind even with the

higher speed. Thus, the conditional function betwednd speed and
direction may help to improve the model.

5.6. Data quality

The study used satellite tracking data for compgatime models. In the
analysis part as described in chapter 4 sectiad 4alv observation data was
filtered with the assumption that the distanceecidt may separate out stop
and nonstop positions. This might not be the daseause these points were
not attributed with the correct altitude informatioTherefore, it may not
categories exactly into the true condition. Thisanmg that the nonstops
positions might have occurred but not be categdress a true conditions.
These could results to no or very low predictiombserved in table 4.2 and
4.3. The consequence of using such data couldttadrds the incorrect
conclusion. Thus, to use distance criteria betwbersuccessive positions is
not adequate for separating the stops from nonsmgmstions. Other
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information such as speed, altitude, temperatudeagmpressure have to be
considered.

Furthermore, (Patterson, et al., 2008) has comrdethse movement data is
affected by the positional errors due to the poovecage of satellite
described in chapter 2, section 2.5. Thus, it iknawledged that the
observation data used in this study may have ésfooes in quality.
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Appendix 2: Questionnaire

1. Details of the contact person:

2. Are you involve in any bird migration studies.
a) Yes: b) No:

3. What are the limiting factors studying bird migoati
a) Lack of ornithologist studying bird migat
b) Lack of awareness among people acrossoinetries
¢) Legislation and permission to carry outdgs in countries (Israel and Palestine)
d) Others

4. Do we lack the following level of information fotuglying bird migration.

Information Yes No Not known

Flight pattern and behaviour

Dates of arrival and departure

Use of resources by bird

Important migration routes

General migration routes

Others

5. Which method you find effective for studying birdgration in combination of weather
information.

a) Satellite tracking

b) Radar tracking

¢) Bird ringing

d) Volunteer based monitoring

e) Others

6. How would you evaluate the difficulties to studythird migration using the following
methods.

Methods Ok Easy Difficult Not Known
Satellite tracking

Radar Tracking

Bird Ringing

Volunteer based monitoring
Others

7. Please rank the methods from 1-5 for studying lamgdj short range migrants.
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Methods

Long range migrants

Short range migrant

Satellite tracking

Radar Tracking

Bird Ringing

Volunteer based monitoring

Others

8. Please rank the methods from 1-5 according to Kiéeed professionals required for
collecting and processing the information.

Methods

Rank

Satellite tracking

Radar Tracking

Bird Ringing

Volunteer based monitoring

Others

9. Please give your opinion about the failure of sygtestruments in the following methods.

Methods

Very high

high

Moderate Low

Satellite tracking

Radar Tracking

Bird Ringing

Volunteer based monitoring

Others

10. Please rank the risk factors of losing informatidrile using satellite tracking (Rank 1-

4).

Factors

Rank

Death of bird

Bad weather conditions

Loss of transmitters

Others

11. Please rank the risk facors of losing infororativhile using bird ringing data (Rank 1-5).
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Factors Rank

Death of bird

Probability of recapture

Wrong site selection for capturing birds
Wrong season selection for capturing birds
Others

12. Please rank the risk factors of losing informatichile using radar tracks (Rank 1-5).

Factors Rank
Unstrategical location of Radar
Difficulties in locating bird in radar view
Incomplete tracks
Others

13. Which methods give additional information suchpapulation status, disease outbreak,
survival and requirement of species.

Methods Bird age Population status Health of irdireil | Death

Satellite tracking

Radar Tracking

Bird Ringing

Volunteer based
monitoring

14. Have you ever combined remote sensing data wittbitldemigration data for predicting
the migration routes.
a) Yes: b) No:
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15. If yes, how do you rate the remote sensing data products in combination of
different methods for predicting migration routes.

Methods Excellent Good Average Not known

Satellite tracking

Radar Tracking

Bird Ringing

Volunteer based
monitoring

Others

16. Please rank the causes of bird migration (Rank the causes from1-12).

Causes for bird migration Rank

Air temperature

Surface temperature

Cloud cover

Biological clock

Vegetation cover

Precipitation

Humidity
Wind speed
Wind direction
Others

17. What is the preferred atmospheric temperature for birds to depart from a
particular place.

a)<00C b) 1to50C c) 6to 10 0C

b) 11 to 15 0C d) 16 to 20 OC e) > 20 0C

18. What is the preferred surface temperature for birds to depart from a particular

place.
a)<00C b) 1to50C c) 6to 10 0C
b) 11 to 15 0C d) 16 to 20 OC e) > 20 0C

19. What is the preferred air temperature (2 meter above from the surface) for
birds to depart from a particular place.

a)<00C b) 1to50C c) 6to 10 0C

b) 11 to 15 0C d) 16 to 20 OC e)> 20 0C
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20. Preferred cloud condition for birds to depart from a place.
a) Clear sky (0/4) b) Partly cloudy (2/4)
c) Moderately Cloudy (3/4) d) Completely cloudy (4/4)

21. Preferred vegetation cover in terms of Normalized vegetation index (NDVI) for
birds to start migration.

a) Bare ground (-1 to 0) b) Sparse vegetation cover (0 to 0.2)

c) Medium vegetation cover (0.2 to 0.6) d) High vegetation cover (>0.6)

22. Preferred amount of rainfall in centimetre (cm) for birds to start migration.
a) Absence of rainfall (0 cm) b) Low rainfall (1 to 25 cm)

c) Low to medium rainfall (26 to 100 cm) c¢) Medium rainfall (101 to 150 cm)
d) High rainfall (>150 cm)

24. Preferred amount of humidity in percentage (%) for birds to depart from a

place.
a) 0 to 20% b) 21 to 40% c) 41 to 60%
d) 60 to 80% e) 80 to 100%

23. Preferred wind direction for birds to start migration.
a) Absence of wind a) Tailwind b) Headwind
c) Crosswind (either from the left or right side in relation to the migration direction)

24. How much angular deviation in wind direction in relation to migration path will
affect the bird's decision to take off.
a) < ldegree b) 1-5 degree c) 6-10 degree d) >10 degree

25. Preferred wind speed in mile per hour (MPH) at 10 m above the surface for
birds to start migration.

a) No wind (< 0) b) Weak wind speed (1 to 7 MPH)

c) Medium wind speed (8 to 18) d) Medium to high wind speed (19 to 31)

e) High wind speed (32 to 46 MPH)  f) Very high wind speed (>47 to 63 MPH)

g) Storm (>63 MPH)

26. Please rank the threats for birds during migration. (Rank the threats from 1-7)

Causes for bird migration Rank

Hunting
Unfavorable weather conditions
Food scarcity

Habitat alteration
Predation
Disease

Others
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27. What are the human caused hazards for migrants (Ranks the hazards from 1-
4).

Hazards for bird migration Rank

Tall structure (Lighthouses, Tower etc.)
Electronic towers supporting cables
Habitat degradation

Others

28. Any other information.
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