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Abstract 

This is a thesis about the spatial distribution of willow warbler, nightingale, blackbird, robin 

and grey flycatcher in Svealand and Götaland, that is the southern third of Sweden. It explores 

the possibilities of using statistics to describe the distribution and variation of birds in a given 

region.  

   The data was collected by observation of birds on sites called standard routes, with 25 

kilometres between them. The standard routes  are the points in a grid net placed upon the 

map of Sweden. The purpose of standard routes is to represent the birds in Sweden both 

geographic and biotopological.  

   The thesis compare the results from kriging, variogram and four alternative poisson 

regressions. In the end I come up with the information provided by kriging and variogram and 

which poisson regression that bests estimates the population sizes of the birds at a given site 

with information about year, mean temperature from January to May and what kind of 

environment or habitat the site consist of. 
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I. Introduction 
 

This thesis is about the spatial distribution of birds in Sweden. I am studying five small birds 

which are related to each other and eat insects and other small kinds of food. They are willow 

warbler, nightingale, blackbird, robin and grey flycatcher. 

    The data was collected by observation of birds on sites called standard routes, with 25 

kilometres between them. The standard routes  are the points in a grid net placed upon the 

map of Sweden. The purpose of standard routes is to represent the birds in Sweden both 

geographic and biotopological. Each site for collection of data is a square which is 2 

kilometres across. The birds were observed while walking along the line at a speed of at least 

2 km/h.(Svensk fågeltaxering, 2015) In this study I focus on the southern part of Sweden, 

which I have defined as beneath the 66.61 latitude in the RT90 system, including Svealand 

and Götaland. 

   The study is descriptive and look at the variation in species distribution within the region 

and generate a spatio-temporal model which can estimate the population of a given specie at a 

given place and time.  
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II. Main part of the thesis 

A. Ecological Background 

1. The causes of spatial distribution 
 

The distributions of animals and plants in a landscape has varied tremendously throughout 

history, long before human interaction with the landscape became a powerful ecological 

factor. Then the usual reasons where climate change and geological processes(Turner et. al 

2001). Species of both animals and plants have also competed about recourses, during the age 

of the dinosaurs  there were few species, since every single specie filled different ecological 

niches(kind of habitat and food) during  different parts of their lives. The dinosaurs also 

prevented other species from developing.(Johansson, 2012)  

   Human interaction in the landscape have changed the spatial distribution of species more 

than anything else. Agriculture, herding, foresting, etc. have often reduced the resources 

available for wildlife,  but also created new habitats, spread new species and changed living 

conditions.(Atkins et al. 1998) One change which had a great emotional impact on humans 

was when human began to raise buildings where the beautiful and beloved white stork began 

to build their nests.(Perrins & Middleton et al. 1996) The white stork eat small animals and 

search for food in fields and waters, when wetlands where drained in the 19th century and 

biocides decimated the biological diversity their numbers dwindled. A project to re-establish 

the population is being undertaken in Sweden. (Storkprojektet, 2015)  

   The most basic theory behind the distribution of species is that of island biogeography, 

which predicts the distribution of species from two simple factors: (1) The closeness to other 

populations from where the specie can spread and (2) the available resources. This also cause 

the theory of source and sink habitats. The source habitats have a higher fertility rate(in the 

case of birds an over hatching rate, authors remark) than the habitats have the resources to 

support, while the sink habitats have a high mortality rate. The immigration from source to 

sink habitats provide the sink habitats with a population they could never support on their 

own(Turner et. al 2001), from a statistical point of view the source and sink habitats have a 

high spatial autocorrelation(more about such later) and is connected through unobserved 

factors(in this study). 

   When a population of one specie in one site has been extinct from sickness, overhunting or 

some natural disaster. The nearby populations allows for recolonization of this area as long as 

it is still suitable for this specie or another specie with similar requirements, refered to as 

species turnover. (Turner et. al 2001)    
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2. Habitats 
 

A Habitat is the kind of environment a specie needs to survive. It must have food to eat, 

temperature that is suitable to live and bread in, suitable locations for a nest that is safe from 

predators and so on.(Perrins & Middleton et al. 1996) The animal also affect the environment 

since the kind of plants and animals which it eats are decimated while the plants and animals 

it doesn't eat are left alone. They also associate with the distribution of other species by 

spreading seeds, thus creating new habitats for other animals which eats the plants who sprout 

from the seeds and so on.(Turner et. al 2001)  The species also compete with each other about 

food and other resources as have been discussed above. Thus the species are never isolated on 

islands like in theory.  

B. Previous Research in statistics 
 

What we humans see as landscape is in fact a spatial distribution of species. Landscape 

ecology is the biological term for the interaction between spatial pattern and ecological 

process. This has become a major field of study thanks to three main factors: (1) broad scale 

environmental issues and land management problems, (2) new scale-related concepts in 

ecology and (3) technological advances, including the widespread availability of spatial data, 

the computers and software to manipulate these data and rapid rise in computational power. 

(Turner et. al 2001)  

 

1. Trends in number of birds 
 

For every year the number of birds in an area changes, but for different reasons. Weather 

conditions, human activities, and so on. It is easy to calculate the indices and changes in the 

number of birds each year, but stochastic factors like weather is less important for nature 

observation. What is more interesting is the associations over time and the reasons like human 

activities, like changes in the landscape.(van Strien et al. 2004)  

   In an example study the woodlark has been analyzed with two models which are both 

similar and different.           Model 1 calculate the expected count of woodlarks μ in i site 

in j year with a being the effects of site(within variation) and b being the year of the expected 

count(between variation), with the year indices independent of site, indicating that the year 

indices are equal for each site.        
     Model 2 has exchanged    with       , which 

means that for this model the year indices are equal for each year as the number j years are 
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lowered with 1 the year effect is restricted. A restriction which allows us to test that we can 

test if  the year indices change with a constant factor or differ significantly from such 

behaviour.(van Strien et al. 2004)  

   This study was conducted with use of loglinear models which use the logarithms of the 

expected counts. TRIMS(Associations and Indices for Monitoring data)  allows the user to 

select different models interactively and can chose whether or not to include serial correlation 

and/or overdispersion. TRIM uses Poisson regression to calculate indices and associations for 

time series and take stochastic factors into account to analyze the overall changes over a 

number of years. TRIM produces a listing and optionally several result files: indices for each 

covariant category and fitted values per site.(van Strien et al. 2004) 

   The result gave somewhat different curves for the two models. A Wald test of the 

differences showed that model 1 was significantly better for this region and sample. The test 

also showed that the associations in number of woodlarks were different for different 

habitats.(van Strien et al. 2004) 

 

2. Biodiversity 
 

The impact of climate change on the diversity of Swedish bird communities have been studied 

by the centre for Environmental and Climate Research at Lund University. The study included 

alpha diversity, meaning the variation of species within individual sites, and beta diversity, 

meaning the variation of species composition between sites. The gamma diversity, meaning 

the variation in the regional species pool was not investigated. The data came from a fixed 

route scheme including 716 routes systematically located throughout Sweden in a 25- km 

grid, which is the same data as I use in this study. They wanted to know if and how 

temperature change over time affected alpha and beta diversity. (Davey et all. 2013)   

   Generalized additive models were used to model changes over time with alpha diversity, 

different dissimilarity indices, and three variables showing beta diversity. To determine how 

individual species contributed to the modelled responses, a jackknife analysis was made. The 

jackknife analysis means that each species was removed one by one and the alpha diversity 

and the Simpson dissimilarity index for each site and year was re-calculated. (Davey et all. 

2013)   
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The result was that alpha and beta diversity generally showed contrasting associations 

compared to temperature and latitude. Alpha diversity was highest in the south and lower in 

the north except the northern coastlands and lowest in the mountainous tundra regions. While 

beta diversity was lowest in the south and highest in the north, the northern coastlands was the 

only place where they coincide(The High Coast is a world heritage site in part because of its 

species richness, authors remark).(Davey et all. 2013)   

   During the decade that was investigated, temperature have risen and caused a greater 

species richness among birds will the differences between sites have become smaller. The 

common species becoming more common, while the less common species are less 

affected.(Davey et all. 2013)  

 

3. Spatial autocorrelation of species distributional data 
 

When the observations on two locations are not independent of each other, we have a spatial 

autocorrelation. The locations might be millimetres or kilometres apart, what matters is that 

there is a dependency between them, that is that they are more similar to each other than those 

further apart(Further apart might be something different than we use to think since many bird 

species move great distances each year, authors remark). Most models assume spatial 

stationarity, i.e. spatial autocorrelation and all effects of environmental correlates to be 

constant across the region.(Dormann et al. 2007) There are however models, like universal 

kriging, which doesn't assume stationarity.(Graham, 2015) 

   There are many more models for spatial autocorrelation data then can be described here. 

Different distributions like normal, binomial and poisson might not be appropriate for every 

model, a statistician have to look on the dataset and decide which model is most appropriate. 

Some  models might need to be tested before a method is decided. One thing to look for is if 

the model residuals display spatial autocorrelation. If they do not, spatial autocorrelation 

doesn't affect the inference. Checking for spatial stationarity have become commonplace in 

ecology and geography. (Dormann et al. 2007)   
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4. Quantifying Landscape Patten 
 

When it comes to understanding the effects of pattern on ecological process, documenting 

temporal changes in a landscape and documenting differences between two or more 

landscapes, it is necessary to quantify a landscape pattern. The principle is to turn the 

differences that exists in every landscape into metric variables which can be calculated. There 

are different methods for quantifying a landscape pattern. They measure for instance the 

percent of possible landscape types in an area(relative richness), the proportion of landscape 

types in an area(diversity), series of nodes and linkages, adjacency between cover types, and 

many other methods. To describe a landscape pattern more than one metric is necessary, and 

the appropriate metrics have to be chosen.(Turner et. al 2001) 

 

5. Neutral Landscape Models 
 

The null hypothesis becomes tricky in landscape ecology, since every single landscape is the 

result of many process during a very long time, there is hardly such a thing as a null 

landscape. The Neutral Landscape Models generate hypothetical patterns of species diversity 

in a landscape which real species diversity in landscapes can be compared with, to see if a 

specific ecological or non-ecological process exist. The null hypothesis is that it doesn't exist, 

and is rejected if the real species distribution in a landscape is to different from neutral 

landscape model.  The simplest neutral model generates a random pattern, but more complex 

techniques exist to organize the generated pattern to make a better comparison to specific 

landscapes.(Turner et. al 2001)  
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C.  Objectives 
 

This is a descriptive study which means that I describe the distribution of the five bird species 

I have chosen, willow warblers, nightingales, blackbirds, robins and grey flycatchers. My 

study is about the distribution of individual species in southern Sweden.  

   As I have discussed in previous research, earlier studies have focused on changes in number 

of birds per year, biodiversity, and patterns in species distribution. This study continue their 

work in biostatistics with focus on the  spatial distribution of five specific species to find a 

suitable spatio-temporal model for each species. 

1. Spatial distribution 
 

First I will visualize both the distribution of each specie I study, and the changes in the same 

distribution, which are the reason for creating a spatio-temporal model rather than a spatial 

model. I will use kriging(see next chapter for the methods I use) to create maps of the spatial 

distribution of my five selected birds in Sweden beneath the latitude of 66.61 in the RT90 

system, which include most of Svealand and the entire Götaland. I begin with the year 2006 

since that is the year when my habitat data was collected and see what changes have taken 

place four years later. I will also make kriging maps of the three habitats in my study to show 

the differences in distribution for each habitat.  

2. Quantifying the landscape pattern 
 

The second thing I will do is to visualize the spatial correlations for each species, to show that 

there is a reason to generate a spatial model. As I described in previous research(page 9), one 

aspect of landscape ecology is to turn spatial patterns into metric data, another to compare the 

landscape with a neutral model. I will use the variogram to quantify the differences in 

variance between sites.  

   The sites have different numbers of observed birds, and there is a variance in the number of 

birds between them. Between this variances there are also differences which tells how 

unequal the landscape is. Is the difference in variance the same in all locations or does it vary? 

That the difference in variance is the same for the entire investigated region or for a specific 

habitat could be considered a Neutral Landscape Model, because then there are no spatial 

correlations in the distribution of birds.  

   The variogram will be used to investigate if the landscape is neutral or if the differences in 

variance differ across distances. If the later is the case then there are spatial correlations which 

are associated with the number of birds in a region and how equally or unequally they are 
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distributed. In that case the distribution of birds will look different in different parts of the 

investigated area. The number of differences in variance also indicates if there are many or 

few spatial autocorrelations in an area.  

   For this part of my thesis, bird data from the year 2006 will be used since it is the year when 

my habitat data was collected, and I will look at differences in variance for each habitat as 

well as the entire region for each bird.  

3. Estimating a Spatio-temporal population model 
 

Finally I will estimate a distribution Spatio-Temporal Population Model using Poisson 

regression. The purpose is to find a good regression model for estimating the number of birds 

at a given site in June, since the real observations was made in June. The model will use 

information of the year, the mean temperature the first five months of the year and which 

habitat the site consists of. I will run poisson regression, poisson regression with spatial 

correlations, poisson regression with adjustment for overdispersion and poisson regression 

with spatial correlations with adjustment for overdispersion and then see which model make 

the best estimations with use of a scatterplot of estimated values versus real values to see 

which fits best. 

   The purpose with adding spatial correlations is to compensate for the effects of spatial 

correlations that will be investigated in the quantifying landscape pattern section. Since every 

site is ecologically unique there is a  random factor in the data, which is included in the two 

models with spatial correlation but not in the two models without.  

   The purpose of adjustment for overdispersion is to fulfil one of the assumptions of a Poisson 

regression(see page 15) which is that the variance is a function of the mean, and assumed to 

be equal to the mean. This is often not the case which calls for an adjustment of the model, 

unless the degrees of freedom is not much above 1, would indicate that there is no 

overdispersion.  

 

4. Disposition 
 

I will study each of my chosen bird species one by one, and fulfil each objective for each 

species. The third objective will have one headline for each of the four poisson regression 

models I estimate and a final headline for the one I decide to be the best model.  
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D. Models 

1. Kriging 
 

When birds have been measured on sites throughout Sweden, how do I estimate what their 

distribution looks like between those sites? In theory they could have a completely different 

distribution between those sites. The answer is a linear prediction method called kriging, 

which estimate the variable at the locations where it hasn't been measured, that procedure is 

called interpolating.(Oliver, Webster, 2015; Bohling, 2005) 

   There are different Kriging techniques, the one I use here is called ordinary kriging, as the 

name indicates it is the most popular. The ordinary kriging estimator is: 

                               

    

   

 

The basic purpose  is to determine weights that minimize the variance of the estimator: 

Var[     ]. In ordinary kriging those weights are required to sum up to 1. Which means that: 

                       
    with             

   . This constraint filter associations in the 

local means in the dataset.(Bohling, 2005,) 

   In a kriging procedure a range of locations on two coordinates and the third variable which 

we want to measure on these coordinates are used. The linear function with minimized 

variance estimates how many birds are between the observation spots. In essence it asks: 

"How many birds should it be here if they follow a linear pattern to those around them and the 

variance is minimum." Now computer programs don't think, but it is the essence in how a 

kriging map is generated.(Oliver, Webster, 2015)  

   The procedure generates a map that is showing the interesting variable distributed over the 

area in the study. Ordinary kriging and variogram both filter associations in the local means 

meaning that they work very well together.(Bohling, 2005; IDRE, 2015) 

    

a) Assumptions of kriging 
 

The mean is assumed to be constant in the local neighbourhood at each estimation point.  

The data is assumed to be second-order stationary. This means that the covariance of the 

variable at two locations depends entirely on the distance between the locations and is 

independent of their absolute locations. (Bohling, 2005; IDRE, 2015) 

    



13 

 

2. Variogram 
 

As I described in the previous research, one possible goal in landscape ecology is to quantify 

the differences in a landscape and turn them into a metric variable which can be calculated 

and graphed. One such method is the variogram procedure.  

     
                                                        

                                              
 

 The variogram measures the differences in the variances in the spatial data in all directions. 

The data is collected in a grid net, and each nod is an observation site. The observation sites 

on each line in every direction are measured and the differences in the variance in number of 

birds between the pairs of observation sites at the same distance from each other are 

calculated into variograms. The variogram for 10 kilometres are thus the differences in 

variance between all pairs of sites with 10 kilometres between them. Variograms becomes the 

measure of how different the variances between the sites are. Since data is collected in every 

direction from every site, and every site makes one pair with several neighbours, the same site 

is used many times.(Oliver, Webster, 2015; Snowden, 2015) 

   The lower the differences between observations are, the more spatially autocorrelated are 

the sites assumed to be. When many sites with the same distance to each other have similar 

variances, it indicates that the sites are spatially autocorrelated. For instance the birds might 

move between the sites or affect the sites in some other manner. So the lower values on the 

variograms that measures this differences, the higher spatial autocorrelations.(Oliver, 

Webster, 2015; Snowden, 2015)  

  Variograms are measured on lag distance, in this case kilometres between the observations. 

Due to the dimensions of southern Sweden, most variogram graphs will have a maximum lag 

distance of 40 kilometres. When the spatial autocorrelations for a specific bird species are 

high for a long while say a lag distance of 10 kilometres, and then the graph increase 

considerably, there is a spatial correlation. In other words it is indicated that bird populations 

within 10 kilometres from each other are more correlated to each other than those at greater 

distances.(Oliver, Webster, 2015; Snowden, 2015)   
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The relationship between autocorrelations and distance are in this study presented as graphs. 

A decreasing variogram graph has increasing spatial autocorrelations and increasing 

variogram graph has decreasing autocorrelations. If the outcome variable is free of spatial 

correlations, the variogram is expected to appear relatively constant across all distances. 

When the variogram is varying it is difficult to draw a conclusion.(IDRE, 2015; Snowden, 

2015) 

a) Assumptions of variogram 
 

The data in a  variogram must be spatially related. Since the correlation is measured only from 

the variances in the spatial data and not the covariance, which measures the connection 

between data, the covariance must be assumed to be constant for all data for the measured 

correlation to be correct. When the covariance in the spatial data of an investigated area is 

constant, the same model is equally applicable for the entire investigated area. (IDRE, 2015; 

Snowden, 2015) 
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3. Poisson 
 

The Poisson distribution is a distribution of a finite number of random events in a predefined 

time and space. In my case the events are the observations of birds in June each year on the 

predefined observation sites. Even if the data is not poisson-distributed, inference from a 

Poisson regression model can be correct given that the mean is correctly specified and that 

one adjust  the covariance matrix which is given under the Poisson assumption.  

   The probability density function looks like this: 

     
  

  
    

Lambda is the mean and the variance in the distribution. In this case I use the Poisson 

distribution to model the number of birds observed each year. (Wackerly et al, 2008) 

a) Poisson regression 
 

The Poisson distribution belongs to the exponential class of probability distributions, which 

means that a generalized linear model approach can be used to relate a Poisson response to 

predictor variables. If the response is y and the regressors are        , and since the natural 

logarithm is the link function for a Poisson regression, the model becomes: 

                          

This link for a Poisson regression is denoted the canonical link. Here the log mean is 

modelled as the linear function of the explanatory variables, it links the mean to the canonical 

parameter, which is a linear function of the parameters.(Dunteman & Ho, 2006; Hair et al, 

2014)   

   The parameters in a Poisson regression can be estimated in different ways, but a typical way 

is the maximum likelihood. When the response variable is not conditionally Poisson 

distributed the mean and the variance is most likely the same. A common aspect of that mean 

and variance is not the same is that the variance is greater than meant. This is called 

overdispersion.(Dunteman & Ho, 2006; Wackerly et al, 2008)   

   One example of what the Poisson regression can do, is to model how changes in a number 

of similar populations are associated to different processes(Dunteman & Ho, 2006), like 

different mean temperature during an amount of time.  
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In this study I use time, mean temperature from January to May since the observations were 

made in June, and habitat as variables in my regression model. My aim is to find associations 

in time,  temperature and habitat which have associations with the sizes of the bird 

populations. I will estimate four different types of Poisson regression models. The first is an 

ordinary Poisson regression model, the second one which include spatial correlation, the third 

adjusts for overdispersion and the fourth include both spatial correlation and adjustment for 

overdispersion.    

 

b) Residual analysis  
 

The residuals are the difference between the value and the estimated value. The residuals 

could mean measurement errors, wrong model or a real individual variation. The preferable 

model is one were the residuals doesn't have any pattern but simply are randomly distributed 

around the mean. If they are not randomly distributed, we need a different model to describe 

the data. (Körner & Wahlgren, 2006; Cryer & Chan, 2008).  

   In this thesis I simply use the residuals in a plot versus time in years to analyze how suitable 

it is to have a linear time trend for ecological data, since environmental changes through time 

doesn't have to follow a linear pattern.  

c) Assumptions of Poisson Regression 
 

 The canonical link is assumed to be a linear function of the independent variables.(Dunteman 

& Ho, 2006) 

   The variance is a function of the mean, more exactly the variance in a Poisson distribution is 

assumed to be equal to the mean.(Dunteman & Ho, 2006) 
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E. Data 

1. Collection of data 
 

The data was collected by observation of birds on sites called standard routes, with 25 

kilometres between them. The standard routes  are the points in a grid net placed upon the 

map of Sweden. The purpose of standard routes is to represent the birds in Sweden both 

geographic and biotopological. Each site for collection of data is a square which is 2 

kilometres across. The birds were observed while walking along the line at a speed of at least 

2 km/h.(Svensk fågeltaxering, 2015)  

2. Choice of birds 
 

I want four bird species which eat similar kinds of food and are related to each other, they are 

all insectivores but also eat other small animals like worms and vegetable food. The gray 

flycatcher is more specialized. Thet belong to the family Muscicapidae or thrushes and their 

relatives.(Perrins & Middleton et al. 1996) 

a) Willow warbler 
 

The willow warbler(Latin: phyllscopus trochilus, Swedish: lövsångare) is a small bird and 

famous for its song which distinguishes it from other warblers more than its appearance. The 

willow warbler belongs to the family warbler and its allies, which lives in all kinds of 

vegetation. (Perrins & Middleton et al. 1996)   

b) Nightingale 
 

The nightingale(Latin: Luscinia luscinia, Swedish: näktergal) is a small bird and has in 

Swedish become proverbial for a beautiful singer. They live in different kinds of forests and 

primarily seek food on the ground. It belongs to the family of thrushes but is not considered a 

real thrush. (Perrins & Middleton et al. 1996)    

c) Blackbird 
 

The Blackbird is one of the most known birds in Europe (Latin: Turdus medula, Swedish: 

koltrast) and is a small bird famous for its beautiful song. It belongs to the family of thrushes, 

which are very widely distributed and unspecialized as the thrushes and their relative species 

go. The blackbird is considered a real trush.(Perrins & Middleton et al. 1996)  
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d) Robin 
 

The Robin is another very popular bird(Latin: Erithacus rubecula, Swedish: rödhake). They 

live in different kinds of forest and  mostly seek their food on the ground. It is distinguished 

by its red breast. It belongs to the family of thrushes but is not considered a real thrush. 

(Perrins & Middleton et al. 1996)    

e) Grey flycatcher 
Grey flycatcher(Latin: Muscicapa striata, Swedish: Grå flugsnappare)The flycatchers can 

often be identified because they sit on an outlook and then throw themselves out to catch 

insects in their beaks. In cold weathers they need to seek food among the branches of the 

trees. They eat mostly insects and lives in different kinds of forest and in parks. The grey 

flycatcher can catch one prey each 18th second. (Perrins & Middleton et al. 1996)   

3. Temperatures 
 

I will use the measured temperatures for the first 5 months of the year since they associate 

with both survival and hatching until the bird observations were made in June. 
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4. Habitats 
 

I am studying the distribution of birds in different habitats. The habitat data are from 2006 

which means that the land might have changed due to woodcutting and changed land use. 

Table 1: Distribution of different habitat types in Sweden 2006. 

 

AR -Arable  

BA- Bare 

BL- Broadleaved  

CF- Coniferous 

CO -Coastal 

MA- Mixed Agriculture/Natural 

MO -Moors  

NG -Natural Grassland 

PA -Pasture  

SH- Shrub  

UR -Urban 

WA- Water  

WE-Wetland  

 

The mean column(Table 1) show the percentage habitat types in Sweden. In my study I 

consider every spot with at least 40 % of a certain land type as that kind of habitat. This 

means that some locations have two landscape types and those will have two habitat dummies 

in my final model. Since real life rarely follow the pattern that you have one habitat but not 

the other, I determine that this is a good approach to my material.   

   I am interested in how different kinds of habitat affects the distribution of birds. I want to 

study our two different kinds of forest in Sweden, coniferous and broadleaved and arable land 

which are the three primary habitats in the part of Sweden I study.  

   Coast and water I leave out of these study since coastal and water living birds have different 

conditions and I have decided to study hinterland birds, urban since I am not studying cities 

and they are very different, pasture, bare, natural grassland and mixed agricultural/natural are 

very small in this sample and initially had few observations. I believe that more data should 

be collected from them to perform a good study, therefore I leave them out.  

 

5. Time 
 

The time are measured in years and is from the first year of the bird observations, which is 

1996, until the last year in my set, which is 2014. 
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F. Result 

1. Willow warbler 
 

a) Kriging of willow warbler 

  
Map 1: Distribution of willow warblers 2006 Map 2: Distribution of willow warblers 2010 

Here are the kriging procedure for middle and southern Sweden in 2006 and 2010 

respectively. With a little imagination you can see them as a map. I chose 2006 since that is 

the year when my habitat data was collected. The habitat data isn't required for the kriging 

procedure, it consists of birds and coordinates.  

   The maps are similar to topographic map but showing the sites with the greatest number of 

observations. It is like a topographic map but instead of lines and figures showing elevations 

above sea level, it shows us the number of observed willow warblers(Map1, Map 2).  

   The white  areas have low standard errors and the blue areas have more or none. This means 

that the white areas are where the observations of birds are the thickest, but some observations 

are also found in blue areas. 

   Since the "topography" of the distribution of willow warblers have changed in the four year 

period, kriging allows us to see that the distribution of birds are changing.  
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2006 Map 3                                       Map 4                                               Map 5 

   
2010 Map 6                                       Map 7                                               Map 8 

Arable land Broadleaved forest Coniferous forest 

Here I have repeated the kriging procedure for the three different habitats in my study. As you 

can see the kriging procedure for the three different habitats in my study. As you can see 

coniferous forest is the by far largest habitat type in southern Sweden(Maps 5 and 8). When 

looking at the figures on the maps, you can see that up to 40 willow warblers have been 

observed at a single time and place in arable lands(Map 6), up to 60 in broadleaved 

forest(Map 7) and up to 80 in coniferous forest(Map 8). Since coniferous forest is many times 

more common, it is difficult to determine how habitat type is associated with the sizes of the 

bird populations.  

   Usually I use an area with at least 40 % of the habitat for my calculations, but here I had to 

use areas with only 10 % broadleaved forest to get enough observation sites for the kriging 

procedure. It tells something about how often the birds are seen in this habitat.  

   We can after all be certain that many unobserved variables are in effect, some very positive 

might happen to not exist in the more rare landscape types. The unobserved factors are 

beyond the scope of this study. But I do aim to develop suitable models for estimating how 

many birds can be expected in a certain habitat, including associations for year and mean 

temperature. These models are intended to explain the sizes of the populations in the habitats 

which can be seen here.  
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b) Variogram of willow warbler 
2006 

  
Plot 1: Southern Sweden Plot 2: Arable land 

  
Plot 3: Broadleaved forest Plot 4: Coniferous forest 

The variograms are from 2006, since it is the year when my habitat data was collected, the 

same will be true for the other variogram sections of the different birds. The average lag 

distance is 40 kilometres since larger distances is rare within the region of my study. 

   The variogram for southern Sweden are fairly constant between 600-700 variograms with 

high results for 10 and 40, and low at 30. This means that there are quite few autocorrelations 

since the differences in variance is high, and few spatial correlations given the fairly constant 

graph. At the distance of 10 kilometres the autocorrelations are high  and at 30 they are low. 

Thus spatial correlations close to the distance of 30 kilometres is indicated, maybe many birds 

move so far between sites? 

   Arable land and coniferous forest vary in different ways, indicating differences between the 

habitats. The graph of coniferous forest is low between the distances of  15 and 25 kilometres, 

indicating spatial correlations at these distances, maybe the birds often move 15 to 25 

kilometres, creating a relationship between sites on these distances?  

   The graph of broadleaved forest have straight lines and an average lag distance up to 21, 

indicating low distances between observations and quite few ones, making variogram less 

suitable, but still tells us something about spatial correlations and spatial autocorrelations.  

   The differences in variance are different between the habitats as well, the entire southern 

Sweden are varying between 580 and 720, arable land between 200 and 550, broadleaved 

forest between 100 and 800 and coniferous forest between 500 and 700. This indicates that 

arable land are more spatially autocorrelated than coniferous forest. Broadleaved forest have 

the strongest spatial correlations.  
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c) Poisson regression of willow warbler 
 

 

Table 2: The estimated regression model for 

Poisson regression. 

 

I have chosen to use both habitat dummies and dummies for the interaction between mean 

temperature and habitat, because it is logical that mean temperature are associated with the 

living conditions in a habitat.  

   The yr variable shows a weak temporal association, with every year we expect the number 

of willow warblers to increase somewhat. Raising mean temperature have a small negative 

association, and in arable land and broadleaved forest the raising mean temperature have a 

further negative association. In a coniferous forest the mean temperature has a positive 

association. Broadleaved and coniferous forests have positive associations. This gives that the 

number of willow warblers are expected to increase with the years, and we are expecting to 

find more of them in forests and less in arable land. Higher mean temperature during the first 

half of the year means that we expect less of them, but in a coniferous forest this is cancelled 

out, suppose a mean of 3 degrees Celsius.  

meantemp*-0.05425 + meantemp * coniferous forest *0.05850  = 0.01275 

While if both the coefficient for mean temperature and mean temperature times habitat is 

negative, the effect is more negative. Of course if the mean temperature is beneath zero, we 

get two negative signs in the same multiplication, creating a positive product. This should of 

course not  be taken to literary, to cold and the birds freeze to death. The p-values are not 

relevant in this case since the observations are dependent of each other.(Table 2)  

   The equation for a given year, mean temperature and habitat is then calculated and the result 

is calculated by taking            which gives the expected number of willow warblers in an 

area.  

   The intercept has no logical interpretation since if all the habitats are zero, then the model 

isn't useful. Thus the intercept will be left out in further discussions of the generated models.  
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Scatterplot 1: The scatterplot shows the 

relationship between estimated numbers of 

observed birds(Mu) and the real numbers of 

observed birds(lind). Every dot have its own 

shape and colour, and represent an individual 

site. Its position along the lind axis shows how 

many birds were observed on that site, its 

position along the Mu axis shows how many 

birds the model I describe have estimated for 

this site.  

 

This is a plot of the estimated number of willow warblers in the sites throughout southern 

Sweden, Mu, versus the actual observations lind. The points are the estimate-actual 

observations intersection points. An optimal model would have the same values on both axes 

and a quite diagonal distribution of the estimation-real observation plots. As we can see this 

plot is far from optimal, the model is quite far from a good estimate.   

   The 50 estimate and 50 real observations meet in a cluster of spots, and a diagonal line 

much closer to the Mu axis could be drawn from the 20 estimate-20 observed intersection, 

and through the 30, 30 and 40, 40 intersections until the 50, 50 intersection. So at least some 

estimates are quite good.  

 

Plot 5: Variogram based on the estimates of 

Poisson regression. The graph shoes the 

differences in variance between the pairs of 

observations of each distance. For instance the 

pairs that are ten kilometres apart have a 

difference in variance of a 100 variograms 

This variogram measures the differences in the variation between the estimated number of 

birds for the observation sites for the entire time period, since the model examines the entire 

period. The differences increase with distance from the observations, which means that the 

spatial autocorrelations decrease with the distance. Since the autocorrelations increase with 

distance, there are spatial correlations for the estimates in this model, the further apart the 

observations are, the more different from each other they are. The differences are never very 

high, at best 70 and at worst 130.  
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d) Poisson regression with spatial correlations of willow 
warbler 

 

 

Table 3: The estimated regression model for 

Poisson regression with spatial correlations. 

This model takes the spatial correlations into account and when calculating the effects of the 

variables. As was discussed in the variogram section there are few spatial correlations, still 

the coefficients have changed. This model further accounts for the random factor that is the 

site of observations, since every site is different, it creates a randomness in the observations 

that affects the number of birds.   

   With spatial correlations we have the same signs as previously except that the interaction of 

arable land and mean temperature is now positive. The coefficients have decreased for year, 

mean temperature and the interactions of mean temperature and habitats except broadleaved 

forests. The coefficients for habitats and the interaction of mean temperature and broadleaved 

forest have increased. This means that with spatial correlation means habitat more and time 

association and temperature mean less.  

   The standard errors have also increased to varying degrees except for the intercept. For 

instance the standard errors of broadleaved forest have increased from 0.06 to 0.22 and for 

coniferous forest 0.017 to 0.0839. This means that there is now a greater variance in the 

associations between the variables and the estimated number of birds for the observation sites.  

   The new p-values means that for a significance level of 0.05, arable land and its interaction 

with mean temperature becomes insignificant. For lower significance levels, say 0.01, 

broadleaved forest and the interaction between coniferous and mean temperature becomes 

insignificant as well. This could mean those factors are less important or unimportant, but 

since these are habitats I wish to investigate I let them stand.   
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Scatterplot 2: The relationship between 

estimated numbers of observed birds(Mu) and 

the real numbers of observed birds(lind). Every 

dot have its own shape and colour, and 

represent an individual site. Its position along 

the lind axis shows how many birds were 

observed on that site, its position along the Mu 

axis shows how many birds the model I 

describe have estimated for this site. 

Here the distribution of estimates-real observations are following the desired diagonal shape. 

While the estimates doesn't go high above 125 and their corresponding real observations are 

150, they are still much closer to each other. That the distribution leans to towards the 

estimates mean that the greater length of the lind means less, draw a line between estimates 

and linds of the same value and you see what I mean. The cone shape of the distribution 

means that the higher values the greater difference between observation and estimate. The real 

observations which are around 200 have estimates of 50-100, indicating either coincidence or 

powerful unobserved factors. Given the size of the real values being so much greater than the 

rest of the observations, I am inclined to believe that there are unobserved factors. 

   It is interesting that despite few spatial correlations, the estimates have improved 

considerably, from an estimation-real observation plot that was very far from accurate to a 

very accurate one. One interpretation is that few spatial correlations have great effect on the 

outcome, another that the random factor of site is very important, a third that both are 

important.   

 

Plot 6: Variogram based on the estimates of 

Poisson regression with spatial correlations. 

The differences in the variances are considerable larger, between 350 and close to 600. 

Indicating that this model have much fewer spatial autocorrelations than the previous one, but 

still has some. The variances in the differences are going up and down, but remain roughly 

centred around 390-470. This means that the graph is fairly constant with few spatial 

correlations.  
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e) Poisson regression with adjustment for overdispersion of 
willow warbler 

 

 

Table 4: The estimated regression model for 

Poisson regression with adjustment for 

overdispersion. 

A common difficulty with Poisson regression is the issue of overdispersion, that is the 

variance become greater than the expected value. It should be noted that this model doesn't 

account for the random factor of site like the previous one, which affect the outcome.  

   To compare this with earlier ones the coefficients are the same except the interaction of 

mean temperature and arable land are now the only interaction variable that is negative. There 

has been small changes in the coefficients compared to the original poisson regression, at best 

+0.09 for coniferous forest, 0.01 for mean temperature and its interactions with the habitats.   

   The standard errors for the habitats have all increased however, meaning that even if the 

associations in the habitats haven't changed much compared to the original, the variance has 

increased. But it hasn't increased as much as in spatial correlations. For instance coniferous 

have a standard error of 0.017 in the poisson, 0.084 in the spatial distribution and 0.054 in this 

one.   

   The p-values for this model are high above 0.05 for arable land and broadleaved forest, and 

for the interaction between broadleaved forest and mean temperature. It is somewhat above 

for the interaction mean temperature and arable land. Indicating that arable land and 

broadleaved forest have little significance for the number of birds per site in this model.  
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Scatterplot 3: The relationship between 

estimated numbers of observed birds(Mu) and 

the real numbers of observed birds(lind). Every 

dot have its own shape and colour, and 

represent an individual site. Its position along 

the lind axis shows how many birds were 

observed on that site, its position along the Mu 

axis shows how many birds the model I 

describe have estimated for this site. 

This has the same problem as the plot for the ordinary Poisson distributions. Too great 

differences between the values on the Mu and lind axis, the lean towards the Mu axis means 

that at least some estimates are close to the real values.  

   The 50 estimate and 50 real observations meet in a cluster of spots, and a diagonal line 

much closer to the Mu axis could be drawn from the 20 estimate-20 observed intersection, 

and through the 30, 30 and 40, 40 intersections until the 50, 50 intersection. So at least some 

estimates are quite good, but most are very wrong.  

 

Plot 7: Variogram based on the estimates of 

Poisson regression with adjustment for 

overdispersion. 

Just like in the in the poisson regression. This variogram measures the differences in the 

variation between the observation sites. As we can see the differences increase with distance 

from the observations, which means that the spatial autocorrelations decrease with the 

distance and we have spatial correlations. The variograms are so small that there is hardly any 

differences at all, so for the estimates with this model there are very high spatial 

autocorrelations.  
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f) Poisson regression with spatial correlations and 
adjustment for overdispersion of willow warbler 

 

 

Table 5: The estimated regression model for 

Poisson regression with spatial correlations and 

adjustment for overdispersion. 

This model takes both spatial correlations, the random factor of site and adjustment for 

overdispersion into account.  

   Once again mean temperature and arable land has negative coefficients and the interactions 

of mean temperature and arable land and that of mean temperature and broadleaved forest is 

negative.  

   The coefficient for time isn't very different from the one of the earlier models. The 

coefficient for mean temperature is somewhat stronger, or if you like lower since it has a 

negative sign. The habitat coefficients are higher than the models without spatial correlations 

and lower than the spatial correlations model, which have: arable - 0.15, broadleaved 0.45 and 

coniferous 0.55. The estimates for the interaction coefficients are the lowest for the entire 

study. 

   The standard errors for mean temperature, the interaction variables and time are much 

higher than for ordinary poisson regression and spatial correlations. The standard errors for 

the habitat coefficients are about the same as spatial correlations and higher than my other two 

models. The standard error for year is the highest in the dataset with  0.0028.  

   The p-values are very high for this model, with exception of year and coniferous forest they 

are insignificant at a 0.05 significance level and even a 0.10 significance level. Indicating that 

this model might not be very good for the factors I am investigating.  
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Scatterplot 4: The relationship between 

estimated numbers of observed birds(Mu) 

and the real numbers of observed 

birds(lind). Every dot have its own shape 

and colour, and represent an individual site. 

Its position along the lind axis shows how 

many birds were observed on that site, its 

position along the Mu axis shows how 

many birds the model I describe have 

estimated for this site. 

 

Here I have about the same plot as in the spatial correlations. The plot follows the desired 

diagonal, with a cone shape indicating greater differences between estimations and 

observations with greater values. You could also say that the more birds a site should have 

according to the investigated factors, the more difficult it is to estimate the exact number. But 

the estimation is still a good one.  

   The real observations which are around 200 have estimates of 50-100, indicating either 

coincidence or powerful unobserved factors. Given the size of the real values being so much 

greater than the rest of the observations, I am inclined to believe that there are unobserved 

factors. 

 

Plot 8: Variogram based on the estimates of 

Poisson regression with spatial correlations and 

adjustment for overdispersion. 

 

This variogram-distance graph are varying great between mostly 350 and 440, indicating not 

many spatial autocorrelations. The graph is, when you consider the span of 90 variograms, 

quite constant across all distances, and there are few spatial correlations. In short it has a lot in 

common with the spatial distributions graph.  
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g) Chosen model for willow warbler 

 

The model I believe is best suited to describe the distributions of willow warblers in southern 

Sweden is the spatial correlations with adjustment for overdispersion model due to its good 

estimates, as seen in the plot. The ordinary spatial correlations assume no overdispersion, 

which I cannot prove due to high degrees of freedom. This model indicates that there are a 

some spatial correlations and a few autocorrelations for the distributions of willow warblers in 

southern Sweden, according to its variogram.  

 

Map 9: estimated observations of willow 

warblers in southern Sweden 2006. 

Map 10: real observations of willow warblers in 

southern Sweden 2006. 

To the left is the kriging procedure of the estimates of willow warblers in Sweden for the year 

2006. Compare with the procedure of actual observations to the right. There are both 

similarities and differences.  

  

Plot 9: Variogram of the estimates of willow 

warbler from the chosen model. 

Plot 10: Variogram of the real values of willow 

warbler 

The pattern is almost the same but the real values are higher than the estimates, the estimates 

are between 350 and 440 variograms and the real values between 600 to 700 variograms. That 

means that the difference in variance in the distribution of willow warblers during this time 

period decrease and the spatial autocorrelation increase. The model is a good one since it has 

captured the differences in the variance correctly and the graph proves that it captures most of  

the spatial correlations. 
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Is it reasonable to assume a linear time trend for willow warbler? Let's have a look at a plot of 

the residuals from my chosen model and time.  

 

Scatterplot 5: Residuals from 

the chosen model for each year. 

As we can see the number of residuals(observation minus estimates) in are mostly the same 

during the years, with a small increase during the late 90s. Many residuals are negative, which 

means that the actual observations are often smaller than the estimates(any site without 

observations is excluded). The regression have a positive time trend yr=0.009306, which is in 

accordance with the small increase in number of residuals. A weak positive time trend is 

reasonable to assume here.  

   It is difficult to explain the varying graph in the variogram with time trend.  

 

TRIM index 1: The TRIM method discussed in 

previous research from Swedish bird rating. 

 

The black line is the standard rout which is of interest here. There is a temporal trend between 

2000 and 2005 which then slows down(TRIM index 1:), which aren't obvious in the residual 

plot. It supports the weak positive trend of 0.0093.  
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2. Nightingale 
 

a) Kriging of nightingale 
 

  

Map 11 Distribution of Nightingale 2006 Map 12 Distribution of Nightingale 2010 

We can see that the distribution of nightingales in Sweden have change during the four year 

period. But also that they keep mostly to the same areas.  

 

 

 

2006 Map13                                                                                          Map 14 

 

 

 

2010 Map15                                                                                          Map 16 

Arable land Broadleaved forest Coniferous forest 

The kriging procedure didn't work for coniferous forest at a minimum of 40 % coniferous 

forest at the observation sites due to few observations, why I had to cut to 20 % coniferous 

forest to get a kriging map. The kriging didn't work at all for broadleaved forest this time.  

 The nightingale is not observed in many locations, but the kriging procedure allows us to see 

how many there ought to be in the surroundings. By comparing the habitat maps and the 

region map we can see which habitat causes which distribution.  
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b) Variogram of nightingale 
 

  

Plot 11: Southern Sweden Plot 12: Arable land 

  

Plot 13: Broadleaved forest Plot 14: Coniferous forest 

The variogram for the broadleaved forest can be disregarded due to too few observations. The 

distribution for southern Sweden in general and that for arable land have some similarities in 

pattern, coniferous forest vary strongly, the variograms for southern Sweden are between 10 

and 100 variograms, arable land between 10 and over 200 and coniferous forest between 1 

and 10.  The variograms tells us that the distribution of nightingales are highly spatially 

autocorrelated. The spatial autocorrelations are stronger in coniferous forest than in arable 

land. Since the variograms aren't lower at close distances there are few spatial correlations.  
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c) Poisson regression of nightingale 
 

 

Table 6: The estimated regression model for 

Poisson regression. 

The nightingale have a negative association for years, broadleaved forest and coniferous 

forest and the interaction between mean temperature and coniferous forest. The associations 

for mean temperature, arable land and the interaction between mean temperature and arable 

land and the interaction between mean temperature and broadleaved forest is positive. To 

compare with the poisson distribution of the willow warbler the nightingale have the 

completely opposite signs on the coefficients. Indicating that they have different living 

conditions and should be more distributed in different areas.  

 

Scatterplot 6: The relationship between 

estimated numbers of observed birds(Mu) and 

the real numbers of observed birds(lind). Every 

dot have its own shape and colour, and 

represent an individual site, without regard of 

type how habitat. Its position along the lind 

axis shows how many birds were observed on 

that site, its position along the Mu axis shows 

how many birds the model I describe have 

estimated for this site. 

This plot is certainly not diagonal and few values above ten has been estimated. What speaks 

for the estimates is that most of the real values are about ten and below, which is where all the 

estimates are gathered.  
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Plot 15: Variogram based on the estimates of 

Poisson regression.  

 

This variogram has very small differences in the variances which means very strong 

autocorrelations. The variogram is when considering the low variogram values constant 

across lag distance and those there is few spatial correlations.   

d) Poisson with spatial correlations of nightingale 

 

 

Table 7: The estimated regression model for 

Poisson regression with spatial correlations. 

With spatial correlations added, the signs on the estimates are the same except that all 

interaction coefficients are now negative. The coefficient estimates for mean temperature and 

arable land have become stronger while the coefficients for broadleaved and coniferous 

forests have become weaker. The interaction of arable land and mean temperature have 

weakened a little and the coefficient for mean temperature and broadleaved forest have gone 

from 0.12 to 0.07, while mean temperature and coniferous forest have become stronger.  

   The standard errors for year and mean temperature are a little higher and the standard errors 

for the habitats have increased with 0.1 for arable and coniferous forest and 0.15 for 

broadleaved forest. The standard errors for the interactions with mean temperature have 

similarly increased with 0.01 for arable and broadleaved forest and 0.015 for coniferous 

forest. 

   The only parameters which have p-values beneath 0.05 are mean temperatures and arable 

land.  
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Scatterplot 7: The relationship between 

estimated numbers of observed birds(Mu) 

and the real numbers of observed birds(lind). 

Every dot have its own shape and colour, and 

represent an individual site. Its position along 

the lind axis shows how many birds were 

observed on that site, its position along the 

Mu axis shows how many birds the model I 

describe have estimated for this site. 

 

This plot is diagonal in shape and both axis have the same values, with some above 40 on the 

real observations axis. The outliers around 40 seems to have a little more difference between 

estimates and real values but not much.   

 

Plot 16: Variogram based on the estimates of 

Poisson regression with spatial correlations. 

 

The variograms are ranging between 10 and 90 and is not constant, indicating that there are 

many autocorrelations and few spatial correlations.  
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e) Poisson regression with adjustment for overdispersion of 

nightingale 

 

 

Table 8: The estimated regression model for 

Poisson regression with adjustment for 

overdispersion. 

The signs on the coefficients are the same as for the ordinary poisson regression. Most 

coefficients have weakened to smaller or lesser degrees, from 0.36 for broadleaved forest to 

0.015 for mean temperature. The interactions of arable land and coniferous forest with mean 

temperature have become stronger however. 

   The standard errors have all become larger which means that this model has greater 

variance. The p-values are all above the usual significance level of 0.05  

 

 

Scatterplot 8: The relationship between 

estimated numbers of observed birds(Mu) and 

the real numbers of observed birds(lind). 

Every dot have its own shape and colour, and 

represent an individual site. Its position along 

the lind axis shows how many birds were 

observed on that site, its position along the 

Mu axis shows how many birds the model I 

describe have estimated for this site. 

 

This is a non diagonal plot where the estimates only reach a fifth of the real values, meaning 

that this is no good estimation model. But at least the most of the real values are almost as low 

as the estimates. 
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Plot 17: Variogram based on the estimates of 

Poisson regression with adjustment for 

overdispersion. 

 

The variogram values are close to zero indicates so many autocorrelations that the variogarms 

suitability is questionable. The autocorrelations increase with lag distance, indicating spatial 

correlations.  

f) Poisson regression with spatial correlations and 
adjustment for overdispersion of nightingale 

 

 

Table 9: The estimated regression model for 

Poisson regression with spatial correlations and 

adjustment for overdispersion. 

Just like in poisson regression with spatial correlations the variables have negative 

coefficients except for mean temperature and arable land. The year coefficient is weak 

compared to poisson the ordinary regression just like the two other models are, the mean 

temperature is stronger and the habitat coefficients are weaker, but more similar to each other 

compared to the other models. The interaction coefficients are the weakest except for the 

interaction with coniferous forest which is weaker for ordinary poisson regression, they are 

also more similar to each other. 

   Compared to the earlier model this model have smaller standard errors except for arable 

land and coniferous forest, for which they have increased, which have made them more 

similar to the standard error of broadleaved forest.  

   The p-values are all above 0.05 except that for mean temperature.  
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Scatterplot 9: The relationship between 

estimated numbers of observed birds(Mu) and 

the real numbers of observed birds(lind). 

Every dot have its own shape and colour, and 

represent an individual site. Its position along 

the lind axis shows how many birds were 

observed on that site, its position along the 

Mu axis shows how many birds the model I 

describe have estimated for this site. 

Here once again a diagonal cone shaped distribution plot with about the same values on both 

axis. This is a good estimation model.  

 

Plot 18: Variogram based on the estimates of 

Poisson regression with adjustment for 

overdispersion with spatial correlations. 

Here are many autocorrelations, since the differences in the variances are between 10 and 90, 

but much less autocorrelations than before which had only a few variograms. There are few 

spatial correlations, since a difference of 80 or less autocorrelations is quite constant.  
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g) Chosen model for nightingale 
 

The distribution plots show that there are two really good models, poisson with spatial 

correlations and poisson with spatial correlations and adjustment for overdispersion. 

Since I cannot prove that there are no overdispersion for this dataset, I chose poisson with 

spatial correlations and adjustment for overdispersion. 

 

 

Map 17: estimated observations of nightingales 

in southern Sweden 2006. 

Map 18: real observations of nightingales in 

southern Sweden 2006. 

The left kriging map are the estimates for 2006 using the chosen model, the right is the actual 

observations for that year. There are some lines in the real map that the predictions have failed 

to capture, but overall this is a good model. 

 

  

Plot 19: Variogram of the estimates of 

nightingale from the chosen model. 

Plot 20: Variogram of the real values of 

nightingale. 

The variograms of estimates and real values are following identical patterns, but the estimates 

are somewhat lower. If you look carefully, the estimates begin a bit above 30 instead of at 40 

variograms like the real values. The lowest estimates are beneath ten and the lowest real 

values above ten. This means that the difference in variation are a bit lower for the estimates 

and the spatial correlation a little better. 
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Is it reasonable to assume a linear time trend for Nightingale? Let's have a look at a plot of the 

residuals from my chosen model and time.  

 

Scatterplot 10: Residuals from 

the chosen model for each year. 

As we can see the number of residuals(observation minus estimates) are mostly the same 

during the years, many of them negative, which means that the actual observations are often 

smaller than the estimates. During the first years the residuals increase in numbers and then 

they start to decrease, making a linear time trend inappropriate.  

   The changes in the variogram is unlikely to be due to a time trend. 

 

 

 

TRIM index 2: The TRIM method discussed 

in previous research from Swedish bird rating. 

The black line is the standard rout which is of interest here. There are no obvious temporal 

trend since the graph moves up and down between 0.75 and 1.0(TRIM index 2), similar to the 

results from the residuals plot. The year coefficient is - 0.00581, which is in accordance with 

the many down pointing parts of the trim index.   
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3. Blackbird  
 

a) Kriging of blackbird 
 

  

Map 19: Distribution of Blackbirds 2006  Map 20: Distribution of Blackbirds 2010 

Here the distribution of blackbirds in southern Sweden have changed considerably during the 

four year period.  

   

2006 Map 21                                       Map 22                                               Map 23 

   

2010 Map 24                                       Map 25                                               Map 26 

Arable land Broadleaved forest Coniferous forest 

Once again Broadleaved forest needed to be defined as 10 % of the observation site to get 

enough observations for the kriging procedure to work. Some of the changes from the 

regional kriging maps are visible in the habitat maps. In all maps the blue lines have 

decreased considerably in 2010, just like in the regional 2010 map. 
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b) Variogram of blackbird 
 

 
 

Plot 21: Southern Sweden Plot 22: Arable land 

 
 

Plot 23: Broadleaved forest Plot 24: Coniferous forest 

The variogram of blackbirds in southern Sweden are varying between 70-120 with an 

ascending graph indicating spatial correlations at about an average distance of 15 km. The 

arable land variogram vary greatly between 40 and 130 with a spike at an average distance of 

40, which means more spatial correlations. Broadleaved forest vary considerably and is 

obviously highly spatially correlated, but it might be due to few observations. Coniferous 

ascend from 65 to 135, indicating spatial correlations at close distances between the 

observations.  
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c) Poisson regression of blackbird 
 

 

Table 10: The estimated regression model for 

Poisson regression. 

The blackbird have a small negative association for years, coniferous forest and for the 

interactions of arable land and broadleaved forest. We expect more birds in arable land and 

broadleaved forest, especially broadleaved since it has the strongest regression coefficient. 

We also expect somewhat more birds with raising mean temperature, but the negative 

interactions with mean temperature for the habitats with positive coefficients and positive 

interaction for coniferous forest which on its own has a negative coefficient might cancel out 

most of the temperature effects. Especially since the mean temperature coefficient are almost 

the same as the interaction coefficients and they are all quite similar. The sizes of the habitat 

coefficient means most in the blackbird poisson regression model.  

 

 

Scatterplot 11: The relationship between 

estimated numbers of observed birds(Mu) and 

the real numbers of observed birds(lind). Every 

dot have its own shape and colour, and 

represent an individual site. Its position along 

the lind axis shows how many birds were 

observed on that site, its position along the Mu 

axis shows how many birds the model I 

describe have estimated for this site. 

 

This distribution shows a not very good model lacking both good estimates of the many 

observations above 20 and the many observations beneath 10(imagine a 10 in the middle 

between 0 and 20 on the lind axis). 
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Plot 25: Variogram based on the estimates of 

Poisson regression. 

 

The variograms are very low which indicates very many spatial autocorrelations. The spatial 

autocorrelations are initially few but increases with distance, especially above an average lag 

distance of 30, which means that blackbird populations close to each other are similar in 

difference in variance but at greater distances the similarities decrease, those there are spatial 

correlations.  

d) Poisson regression with spatial correlations of blackbird 

 

 

Table 11: The estimated regression model 

for Poisson regression with spatial 

correlations. 

Now only the interaction of broadleaved and mean temperature keep its negative coefficient 

and mean temperature have become much smaller. The year coefficient have become stronger 

as have the coefficient for broadleaved forest. The coefficients for arable land and coniferous 

forest and the interaction coefficients have become weaker. 

   The standard errors are about the same except for the habitat coefficients, for which they 

have become considerably stronger.  

   The p-values are high above a significance level of 0.05, except for broadleaved forest 

which has the far strongest coefficient. Suggesting at least that the most powerful explanatory 

variable is significant. 
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Scatterplot 12: The relationship between 

estimated numbers of observed birds(Mu) 

and the real numbers of observed birds(lind). 

Every dot have its own shape and colour, and 

represent an individual site. Its position along 

the lind axis shows how many birds were 

observed on that site, its position along the 

Mu axis shows how many birds the model I 

describe have estimated for this site. 

 

A diagonal cone with no good estimates of the greater observations. The model seems to be 

good enough for estimating low observations, except the lowest. Most likely the greatest ans 

lowest observations are due to unobserved factors.  

 

Plot 26: Variogram based on the estimates of 

Poisson regression with spatial correlations. 

The differences in the variance are greater than for the ordinary Poisson distribution which 

mean fewer but still many autocorrelations. The differences in variance increases with 

average lag distance, which means that populations closer to each other are more dependent of 

each other, which indicates spatial correlations.  
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e) Poisson regression with adjustment for overdispersion of 
blackbird 

 

 

Table 12: The estimated regression model for 

Poisson regression with adjustment for 

overdispersion. 

Compared to the last estimation, this one have the same signs as the ordinary poisson 

regression and once again the year coefficient are weaker and the mean temperature 

coefficient are stronger, but not as strong as in the ordinary poisson regression. The habitat 

coefficients follow the same pattern as for the earlier models and  The interaction coefficients 

are still weak.  

   Compared to the former model all the standard errors have increased except those for the 

habitat dummies, which have become smaller.   

    The p-values are high above a significance level of 0.05 except broadleaved and coniferous 

forest and the interaction of mean temperature and coniferous forest.  

 

 

Scatterplot 13: The relationship between 

estimated numbers of observed birds(Mu) and 

the real numbers of observed birds(lind). Every 

dot have its own shape and colour, and 

represent an individual site. Its position along 

the lind axis shows how many birds were 

observed on that site, its position along the Mu 

axis shows how many birds the model I 

describe have estimated for this site. 

 

The estimates are much lower than many of the real values and the distribution is far from 

diagonal. The model could be bad or there could be unobserved factors, since the earlier more 

accurate model didn't estimate the higher values well either.  
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Plot 27: Variogram based on the estimates of 

Poisson regression with adjustment for 

overdispersion. 

 

The low variogram values indicate many spatial autocorrelations. The graph is fairly constant 

but ascending, indicating spatial correlations except at great distances.  

f) Poisson regression with spatial correlations and 
adjustment for overdispersion of blackbird 

 

 

Table 13: The estimated regression model for 

Poisson regression with spatial correlations and 

adjustment for overdispersion.  

 

In this model all variables have positive associations except arable land, coniferous forest and 

the interaction between mean temperature and broadleaved forest. Since al the coefficients are 

weak except the habitat coefficients, it is the habitats who matter most. We expect many more 

blackbirds in a broadleaved forest and fewer in arable land and coniferous forest.  

   This standard errors are the strongest for all the blackbird models, with the exception that 

mean temperature has a stronger standard error in the former model.  

   None of the p-values are beneath 0.05 except the p-value for broadleaved forest, which at 

least have the highest coefficient.  
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Scatterplot 14: The relationship between 

estimated numbers of observed birds(Mu) and 

the real numbers of observed birds(lind). Every 

dot have its own shape and colour, and 

represent an individual site. Its position along 

the lind axis shows how many birds were 

observed on that site, its position along the Mu 

axis shows how many birds the model I 

describe have estimated for this site. 

 

A diagonal cone shaped distribution of estimates-real observations. But the model fails to 

make good estimates of the outliers well above 40. This indicates unobserved factors.  

 

Plot 28: Variogram based on the estimates of 

Poisson regression with spatial correlations and 

adjustment for overdispersion. This have an 

average lag distance of 50 calcuated frpm the 

variogram procedure. 

The variogram have quite low values and thus many spatial autocorrelations which are 

descending with greater distance. There are obviously spatial correlations affecting the 

difference in the variances at lower average distances, which increase the spatial 

autocorrelation. The blackbird have similar differences in variance and thus similar 

populations at close distances to each other but less similar populations at greater distances.  
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g) Chosen model for blackbird 
 

The distribution plots show that there are two really good models, poisson with spatial 

correlations and poisson with spatial correlations and with adjustment for overdispersion. The 

spatial distribution plot are closer to the axis with the lower values, meaning that their 

estimates are closer to the real values. Both have only one significant parameter, that of 

broadleaved forest. Spatial correlations have a lower p-value however 0.033<0.043, which 

mean that I chose that one.   

 

Map 27: estimated observations of Blackbirds in 

southern Sweden 2006. 

Map 28: real observations of Blackbirds in 

southern Sweden 2006. 

The left kriging map is the estimates of blackbirds according to the model, the right are the 

real observations. There are both similarities and differences. Perhaps the most striking are the 

unestimated lines at o10 140 and n10 630 to 640, which indicate unobserved factors in this 

areas. Both lines and figures are far from precise but again they are estimations, and give at 

least a fair picture.  

  

Plot 29: Variogram of the estimates of blackbird 

from the chosen model. 

Plot 30: Variogram of the real values of blackbird 

The model has captured the differences in variance and the spatial correlations correctly, the 

autocorrelations have increased in the estimates since the estimates go from 35 to 85 and the 

real values go from 75 to 115. 
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Is it reasonable to assume a linear time trend for blackbird? Let's have a look at a plot of the 

residuals from my chosen model and time.  

 

Scatterplot 15: Residuals 

from the chosen model for 

each year. 

As we can see the number of residuals increase with the years, many of them negative, which 

means that the actual observations are often smaller than the estimates. The regression have a 

positive time trend yr=0.002023, which is in accordance with the small increase in number of 

residual, especially around the year 2000. A weak time trend is reasonable to assume here.  

   It seems like the time trend is to weak to explain the ascending graph in the variograms.  

 

TRIM index 3: The TRIM method discussed in 

previous research from Swedish bird rating. 

The black line is the standard route which is of interest here, a change is visible at the year 

2000, but otherwise there are no obvious trend(TRIM index 3). Which si in accordance with 

the residual pattern and the weak year coefficient. 
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4. Robin  

a) Kriging of robin 
 

  

2006 2010 

During the four year period the distribution of Robins in southern Sweden have changed, 

mostly created new clusters of greater populations close to the city of Kalmar and the Mälar 

vale.  

   

2006 Map 31                                       Map 32                                               Map 33 

   

2010 Map 34                                       Map 35                                               Map 36 

Arable land Broadleaved forest Coniferous forest 

Once again the broadleaved forest have to be defined as a habitat where 10 % or more are 

broadleaved or their isn't enough observations for the kriging. Which is better than no map at 

all since certain changes in the distribution of robins become visible. Changes have taken 

place in arable land and coniferous forest as well, proving the usefulness of the kriging 

procedure in the studies of spatial distribution.  



54 

 

b) Variogram of robin 

  

Plot 31: Southern Sweden Plot 32: Arable land 

 
 

Plot 33: Broadleaved forest Plot 34: Coniferous forest 

The variogram for Robins in the entire southern Sweden are around 70, at 80 at an average lag 

distance of 20 and down close to 60 at an average distance of 35. Which indicates a high 

spatial autocorrelations. The Arable land vary around 30 and coniferous forest vary around 

80. Indicating higher autocorrelations and quite few spatial correlations until high distances. 

The broadleaved forest have between 0 and 18 variograms and a great variance, probably due 

to few observations.  

   In the graph for southern Sweden, we can see that at the distance of 10 kilometres the graph 

is fairly constant around 70 variograms and increase afterwards. Indicating spatial correlations 

at those distances. Between 35 and 40 kilometres the autocorrelations are much higher, could 

it be that robins often travel such distances and create correlations between sites that are far 

apart?  
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c) Poisson regression of robin 
 

 

Table 14: The estimated regression model for 

Poisson regression. 

The Robin has negative associations for mean temperature, arable land and the interaction of 

mean temperature and arable land. Otherwise the coefficients are positive. The association for 

years is an increase in Robins and we expect more Robins in forests than in arable land.  

 

Scatterplot 16: The relationship between 

estimated numbers of observed birds(Mu) and 

the real numbers of observed birds(lind). Every 

dot have its own shape and colour, and 

represent an individual site. Its position along 

the lind axis shows how many birds were 

observed on that site, its position along the Mu 

axis shows how many birds the model I 

describe have estimated for this site. 

The shape is far from diagonal and the many values at about 20 and above have no good 

estimates. The most real observations are beneath 20 and those within the Mu axis of the 

estimates. This could be a bad model or there could be unobserved factors.  

 

Plot 35: Variogram based on the estimates of 

Poisson regression 

 

The differences in variance range between 8 and 11, which means that there are high spatial 

autocorrelations. The graph increase considerably for the first 10 kilometres and then the 

differences in variance are quite constant around 10 variograms, indicating spatial correlations 

for the first 10 kilometres.   
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d) Poisson regression with spatial correlations of robin 
 

 

Table 15: The estimated regression model for 

Poisson regression with spatial correlations. 

With a spatial correlation only the arable land still has a negative association. The coefficients 

for year and mean temperature have become somewhat stronger, the coefficient for arable 

land have strengthened with a third and the forest coefficients have more than doubled. The 

interaction coefficients of mean temperature and habitat have become much weaker.   

   The standard errors have changed a little for year, mean temperature and interactions, for 

the habitat coefficients they have become much larger. For coniferous forest from 0.03 to 

0.09. 

   The p-values for the interaction variables are above 0.05, but otherwise all the variables 

have values beneath the usual significance level.  

 

Scatterplot 17: The relationship between 

estimated numbers of observed birds(Mu) and 

the real numbers of observed birds(lind). Every 

dot have its own shape and colour, and 

represent an individual site. Its position along 

the lind axis shows how many birds were 

observed on that site, its position along the Mu 

axis shows how many birds the model I 

describe have estimated for this site. 

This distribution is diagonal and cone shaped, indicating quite good estimations compared to 

the real values. The higher outliers are not well estimated, which might be due to unobserved 

factors for these sites. Since the estimations are quite good for the lower values, I assume that 

the high value sites have unobserved factors.  
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Plot 36: Variogram based on the estimates of 

Poisson regression with spatial correlations. 

 

The variograms are between 31 and 48, indicating many autocorrelations. The graph are bent 

upwards and becomes low at an average lag distance of about 30, indicating spatial 

correlations for the first 10 kilometres, but not large ones given the small differences between 

autocorrelations.  

e) Poisson regression with adjustment for overdispersion of 
robin 

 

 

Table 16: The estimated regression model for 

Poisson regression with adjustment for 

overdispersion 

 

This model for robins have negative associations for mean temperature, arable land and the 

interaction of mean temperature and arable land. Otherwise the coefficients are positive. The 

coefficients for year and mean temperature are similar to those from the original model. 

Compared to the original model the coefficient for arable land have strengthened almost as 

much as for spatial correlations. Broadleaved and the interactions for arable and coniferous 

have weakened and coniferous and the interaction for broadleaved have strengthened.  

   The standard errors have all about doubled.  

   The p-values for year, arable land, coniferous forest and the interaction of coniferous forest 

and mean temperature has p-values beneath 0.05. Mean temperature, broadleaved forest and 

the interactions of mean temperature with arable land and broadleaved forest has p-values 

above. This is a problem especially given the sizes of the estimated coefficient compared to 

those of the parameters with p-values beneath the significance level.  
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Scatterplot 18: The relationship between 

estimated numbers of observed birds(Mu) and 

the real numbers of observed birds(lind). Every 

dot have its own shape and colour, and 

represent an individual site. Its position along 

the lind axis shows how many birds were 

observed on that site, its position along the Mu 

axis shows how many birds the model I 

describe have estimated for this site. 

 

This plot is far from diagonal and the estimates miss both the lowest real values beneath 5 and 

those around 20 and upwards.  

 

Plot 37: Variogram based on the estimates of 

Poisson regression with adjustment for 

overdispersion. 

The differences in variance are between 7 and 10 variograms, which means they are very low, 

these estimates are strongly autocorrelated. The graph is quite constant around 9 for most 

distances, indicating few spatial correlations for the first kilometres.  
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f) Poisson regression with spatial correlations and 
adjustment for overdispersion of robin 

 

 

Table 17: The estimated regression model for 

Poisson regression with spatial correlations and 

adjustment for overdispersion. 

 

 The associations for arable and the interaction for arable are negative, the others are positive. 

Compared to the other models the coefficients for year, mean temperature and interactions are 

quite weak, the habitat coefficients are the second strongest to spatial correlations and 

broadleaved are considerably weaker than the broadleaved coefficient for spatial correlations 

and more like the same coefficient for my other models for Robin.   

   The standard errors are compared to the former model weakened for year and mean 

temperature and the interactions and strengthened for the habitat coefficients.  

   The only p-values which are significant are those for year and coniferous forest. The others 

are above 0.05.  

 

 

Scatterplot 19: The relationship between 

estimated numbers of observed birds(Mu) and 

the real numbers of observed birds(lind). Every 

dot have its own shape and colour, and 

represent an individual site. Its position along 

the lind axis shows how many birds were 

observed on that site, its position along the Mu 

axis shows how many birds the model I 

describe have estimated for this site. 

 

A diagonal and quite cone shaped plot, which means that the estimates are at best at lower 

values and become worse as the values rise. This model have easier to estimate small robin 

populations than large.  



60 

 

 

Plot 38: Variogram based on the estimates of 

Poisson regression with spatial correlations and 

adjustment for overdispersion. 

 

The differences in variance are between 29 to 39 variograms and thus have many spatial 

autocorrelations. The graph follows an up bent curve from 10 to 30 average distance, 

indicating spatial correlations at the first 10 kilometres. 
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g) Chosen model for robin 
 

Once again I chose between poisson with spatial correlations and poisson with spatial 

correlations and with adjustment for overdispersion. Since the spatial correlations model have 

more parameters with significant p-values, that is the one I chose.  

 

Map 37: estimated observations of Robins in 

southern Sweden 2006. 

Map 38: real observations of Robins in southern 

Sweden 2006. 

 

When comparing the estimated distribution of robins with the actual distribution, the 

estimates include a non-existing cluster close to Kalmar and three small cluster in the Mälar 

vale. Otherwise it is a quite correct set of estimates.  

  

Plot 39: Variogram of the estimates of Robin 

from the chosen model. 

Plot 40: Variogram of the real values of Robin 

The graphs are following mostly the same pattern which means that the model have captured 

the spatial correlations correctly, that is the pattern in the differences in variance. The 

differences have decreased however, which means that the spatial autocorrelations have 

increased.  
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Is it reasonable to assume a linear time trend for robin? Let's have a look at a plot of the 

residuals from my chosen model and time.  

 

Scatterplot 20: Residuals from 

the chosen model for each year. 

As we can see the number of residuals increase during the first years, many of them negative, 

which means that the actual observations are often smaller than the estimates. The regression 

have a weak positive time trend yr=0.005015, which is in accordance with the increase in 

number of residuals. A time trend is reasonable to assume here, at least for the first years.  

   Since the variogram graph follows a very different pattern, it is difficult to explain the 

differences in variance with the weak time trend.  

 

TRIM index 4: The TRIM method discussed in 

previous research from Swedish bird rating. 

The black line is the standard rout which is of interest here, some temporal trend is indicated 

between 1996 and 2014(TRIM index 4). Which is in accordance with the residual plot and the 

year coefficients.  
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5. Grey flycatcher  

a) Kriging of grey flycatcher 
 

  

2006 2010 

During the four year period there have been significant changes in the spatial distribution of 

grey flycatchers. 

 

 

 

 

2006 Map 41                                                                                           Map 42 

  
 

2010 Map 43                                       Map 44                                               Map 45 

Arable land Broadleaved forest Coniferous forest 

Here I had to define arable land as an area with 20 % arable land, and for Broadleaved forest I 

had to use 10 % but for 2006 it still wasn't enough to get a kriging map. The changes in arable 

land and coniferous forest are visible however. In 2010 they have spread in some areas like 

the southern part of the arable map and the central part of the coniferous, and are less spread 

in the northern part of the arable map for 2010 than in the corresponding for 2006. 
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b) Variogram of grey flycatcher 
 

 
 

Plot 41: Southern Sweden Plot 42: Arable land 

  

Plot 43: Broadleaved forest Plot 44: Coniferous forest 

In the entire southern Sweden the variograms are low and vary between 5 and 10, thus they 

can be considered quite constant. Still the autocorrelations are much lower around 20 

kilometres between the distances, maybe the grey flycatcher often move that distance between 

sites?  The arable land are varying greatly but this might be due to few observations. The 

coniferous forest vary mostly between 5 and 6 with a  dip at about 39 average distance. All 

the variograms are highly spatially autocorrelated,  there are few spatial correlations, since the 

graphs are fairly constant given the low variograms.  

   Broadleaved forest apparently doesn't work well here due to lack of data. 
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c) Poisson regression of grey flycatcher 
 

 

Table 18: The estimated regression model for 

Poisson regression. 

The coefficients for mean temperature and its interactions are negative, the coefficients for 

year and habitats are positive. The arable land coefficient are the far strongest and it affects 

the numbers of grey flycatchers the most.   

 

Scatterplot 21: The relationship between 

estimated numbers of observed birds(Mu) and 

the real numbers of observed birds(lind). Every 

dot have its own shape and colour, and 

represent an individual site. Its position along 

the lind axis shows how many birds were 

observed on that site, its position along the Mu 

axis shows how many birds the model I 

describe have estimated for this site. 

The distribution plot of estimates and real values isn't diagonal, most of the real values are 

about 5 or less, and all the estimates are about 5 or less. This means that the high values are 

not at all correctly estimated. Could be a bad model or unobserved factors.   

 

Plot 45: Variogram based on the estimates of 

Poisson regression 

The differences in the variances of the estimated populations of grey flycatcher is very low, 

between 0.13 and 0.24, making it the most autocorrelated bird in the sample. The differences 

are quite constant up to an average distance of 30 and then ascend, which mean that at higher 

distances the autocorrelations decrease. The graph is mostly spatially correlated. 
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d) Poisson with spatial correlations of grey flycatcher 
 

 

Table 19: The estimated regression model for 

Poisson regression with spatial correlations. 

In this model the associations for arable land and the interactions for broadleaved and 

coniferous are negative and the rest are positive. The coefficient for year have weakened a 

little and the coefficients for mean temperature and arable land, and the interactions of mean 

temperature with arable land and broadleaved forest have weakened considerably. The 

coefficients for broadleaved and coniferous forests and the interaction between mean 

temperature and coniferous forest have strengthened.  

   The standard errors have all increased, and the variance for the coefficients are now always 

greater.   

   The only p-value that isn't far above 0.05 is that for year.  

 

Scatterplot 22: The relationship between 

estimated numbers of observed birds(Mu) and 

the real numbers of observed birds(lind). Every 

dot have its own shape and colour, and 

represent an individual site. Its position along 

the lind axis shows how many birds were 

observed on that site, its position along the Mu 

axis shows how many birds the model I 

describe have estimated for this site.  

This plot is shaped so that a diagonal could be drawn from the 0 intersection to the 15 

intersection. For values above 15 the estimates are far less accurate, indicating unobserved 

factors at those sites.  
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Plot 46: Variogram based on the estimates of 

Poisson regression with spatial correlations 

 

The differences in variance are usually 2 to 5, and vary considerably. This means that the 

estimates of the grey flycatcher are highly autocorrelated and the autocorrelations decrease 

with high distance except around 20, indicating spatial correlations between sites about 20 

kilometres from each other, maybe the birds often move 20 kilometres?  

e) Poisson regression with adjustment for overdispersion of 
grey flycatcher 

 

 

 

Table 19: The estimated regression model for 

Poisson regression with adjustment for 

overdispersion. 

 

In this estimated model the mean temperature and the interactions between mean temperature 

and arable land and broadleaved forest have negative associations. Compared to the original 

model there have been small changes in year, mean temperature and coniferous forest. The 

coefficients for arable land and the interaction between arable land and mean temperature 

have weakened considerably and those for broadleaved forest and the interaction between 

mean temperature and coniferous forest have strengthened.  

   All the standard errors have increased, most so have that for arable land.  

   The p-values which are beneath the significance levels are year and arable land. 
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Scatterplot 23: The relationship between 

estimated numbers of observed birds(Mu) and 

the real numbers of observed birds(lind). Every 

dot have its own shape and colour, and 

represent an individual site. Its position along 

the lind axis shows how many birds were 

observed on that site, its position along the Mu 

axis shows how many birds the model I 

describe have estimated for this site. 

 

This plot is not diagonal and the estimates are between 2 and 4.5, while the real values are 

between 0 and a bit above 10, if the higher values are to be considered outliers.  

 

Plot 47: Variogram based on the estimates of 

Poisson regression with adjustment for 

overdispersion 

 

The variograms are between 0.06 and 0.072 until they start to increase at an average distance 

of about 35, when they reach 0.096 at the average distance of 40. This means that there are 

very few differences in variance, in fact they are insignificant. The distribution is very highly 

autocorrelated and there is no spatial correlations to talk about.  
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f) Poisson regression with spatial correlations and 
adjustment for overdispersion of grey flycatcher 

 

 

Table 19: The estimated regression 

model for Poisson regression with spatial 

correlations and adjustment for 

overdispersion. 

 

In this estimated model the mean temperature, arable land and the interactions between mean 

temperature and broadleaved forest and coniferous forest have negative associations.  

   The year coefficient are very much the same as in earlier models. The coefficients for mean 

temperature , arable land, broadleaved forest and the interactions of mean temperature and 

arable land and broadleaved forest are the weakest. Coniferous forest are the second strongest 

coniferous forest coefficient and the interaction of mean temperature and coniferous forest are 

the second weakest. 

   The standard errors have changed little from the last model except that the one for arable 

land are a bit stronger.  

   The only p-value that is beneath the significance level is that of year.  

 

 

Scatterplot 24: The relationship between 

estimated numbers of observed birds(Mu) and 

the real numbers of observed birds(lind). Every 

dot have its own shape and colour, and 

represent an individual site. Its position along 

the lind axis shows how many birds were 

observed on that site, its position along the Mu 

axis shows how many birds the model I 

describe have estimated for this site. 

 

This plot shows that the model gives quite good estimates up to 15, and then the differences 

between real values and estimates increase.  
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Plot 48: Variogram based on the estimates of 

Poisson regression with spatial correlations and 

adjustment for overdispersion. 

 

The differences in variance are never above 10 variograms and are increasing  with higher 

average distance, meaning that the spatial autocorrelations are high, and given the low 

differences in variograms the graph is quite constant. Still the variograms are low and thus 

autocorrelations high at above an average distance of 20 kilometres.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



71 

 

g) Chosen model for grey flycatcher 
 

The best plots are those of the spatial correlations and spatial correlations and with adjustment 

for overdispersion. Both models have parameters which are only significant for year. I chose 

spatial correlations since they have p-value <0.0001 which is somewhat better than 0.0002 for 

spatial correlations and with adjustment for overdispersion. It is also consistent with the 

results from the other birds. 

 

 

Map 46: estimated observations of Grey 

flycatchers in southern Sweden 2006. 

Map 47: real observations of Grey flycatchers in 

southern Sweden 2006. 

The kriging map of the estimates doesn't include all the lines of the real values but have about 

the same standard errors. Meaning that the model is a good estimate of reality.  

  

Plot 49: Variogram of the estimates of grey 

flycatcher from the chosen model. 

Plot 50: Variogram of the real values of grey 

flycatcher 

The pattern of the graphs are the same but the estimates start above 2 and the real values 

beneath 7. Once again the pattern in the differences in variance and thus the spatial 

correlations have been captured by the model. But in the estimates the differences have 

decreased and thus the spatial autocorrelation increased.  
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Is it reasonable to assume a linear time trend for grey flycatcher? Let's have a look at a plot of 

the residuals from my chosen model and time.  

 

Scatterplot 25: Residuals from 

the chosen model for each year. 

As we can see the number of residuals(observation minus estimates) increase with the years, 

many of them negative, which means that the actual observations are often smaller than the 

estimates. The regression have a positive time trend yr=0.01429, which is in accordance with 

the increase in number of residuals. A time trend is reasonable to assume here, and is much 

more obvious than for the other birds in my sample.  

   When comparing with the ascending variograms which dip in the middle, it is possible that 

some of the changes in the graph is due to changes in the number of observations during the 

years rather than spatial correlation. 

 

TRIM index 5: The TRIM method discussed in 

previous research from Swedish bird rating. 

The black line is the standard route which is of interest here, which shows an ascending 

temporal trend(TRIM index 5). Which is in accordance with both the residuals plot and the 

year coefficient. 
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III. Conclusion 
 

A. Spatial distribution 
 

I conclude that the kriging procedure is good for describing the changes in species 

distribution, and that the distribution changes over the years. It is also very pedagogical since 

it produces a useful map showing what the distribution looks like, if the maps are placed 

together the changes become visible. To use kriging to explore the difference between 

habitats was less of a success, since it wasn't apparent from the kriging maps what habitat had 

to do with the distribution. 

 

B. Quantifying landscape pattern 
 

The variogram describes correlations between differences in variance and average distance.  

The autocorrelations were different between different species and habitats.  

Bird specie Autocorrelation measured in variograms  

Willow warbler 600-700 

Nightingale 10-100 

blackbird  70-120 

robin  60-80 

grey flycatcher 5-10 

Table 20: The dependency between bird populations measured as autocorrelations in 

variograms. The lower variograms the higher autocorrelation/dependency. 

 

The willow warbler was not highly spatially autocorrelated with variograms of 600-700, while 

the other birds had high spatial correlations, most of all the grey flycatcher with 5-10 

variograms.(Table 20). 

   The graphs show that there are few spatial correlations, but there are three graphs worth 

noting. The blackbird have an ascending graph, showing spatial correlations between sites 

that are close to each other. The greater distance the less dependency between populations. 

The grey flycatcher have much higher spatial autocorrelations around the average distance of 

20 kilometres and the robin have more autocorrelations at 35 to 40 kilometres between 

observation sites. This could indicate that those birds often move those distances, and that 

there are spatial correlations between populations that are that far apart.   
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C. Spatio-temporal Population Model 
 

My study proves that poisson regression with spatial correlations and adjustment for 

overdispersion can successfully be used to find a spatio-temporal population model that 

isolates habitat, temperature, specie and year to estimate the population size. My model gives 

good estimates for the most sites, even if its flaws means that either it needs improvements or 

that there are factors that are to individual for each site to be included in a model. To answer 

that question is beyond this study however.  

   The kriging maps based on the estimates from the model are quite different from reality, but 

at least give a good estimated picture of the number of willow warblers.  

   The variograms based on real data and on the estimates from the spatio-temporal population 

model shows similar curves but the variograms of the estimates are much lower. This means 

that the model have captured the pattern in the autocorrelations but changed the sizes of the 

autocorrelations. The estimates are much more autocorrelated than the real values. Which 

means that spatial autocorrelations are over exaggerated in the estimates generated by the 

spatio-temporal model. This is a weakness, admittedly. Since  the estimates, as seen in the 

scatterplots, rarely become as high as some of the real values, there are probably many values 

that becomes closer to each other when estimated than they are in real life.  

   It is a bit surprising that a poisson regression with spatial correlations model without 

adjustment for overdispersion gives as good estimates as the spatial correlations model with 

adjustment for overdispersion. But since the degrees of freedom are very high, I cannot prove 

that there is no overdispersion.   

D. Possible future research  
 

The next objective could be to investigate how the species are associated with each other, like 

how are the number of willow warblers in an area associated with the numbers of 

nightingales, blackbirds, robins and grey flycatchers? Does it matter if one or more of them 

doesn't exist in a certain area?  

   This study have focused on species distribution, it should be interesting to study how both 

alpha, beta and gamma diversity are affected by the distribution.  

   Another interesting aspect would be to generate a spatially explicit population model, which 

specify the location of each object of interest, like organism, population, habitat and so on to learn 

in greater detail about the amount, geometry and rate of change in habitat(Turner et. al 2001). 

  



75 

 

IV. Acknowledgements 
 

To Claudia von Brömssen and SLU for providing me with material to make this study. 

V. References 
 

Atkins, Peter, Simmons, Ian, Roberts, Brian, People, Land and Time, London, 1998 

 

Bohling, Geoff, Kansas Geological Survey, The University of Kansas, 2005, 

 

Bonniers Stora verk om Jordens Djur, böcker 7-9 om fåglar(Bonniers Great work on the 

Animals of Earth, volumes 7-9 about birds), Editors: Dr Christopher M. Perrins and Dr Alex 

L.A. Middleton, Bonnier Lexicon AB, 1996(Swedish) 

 

Catherine M. Davey
1*

 Vincent Devictor
2
, Niclas Jonzén

3
, Åke Lindström

3
 and 

Henrik G. Smith
1
, Impact of climate change on communities: revealing species’ contribution, 

Journal of Animal Ecology 2013  

 

Carsten F. Dormann, Jana M. McPherson, Miguel B. Arau´ jo, Roger Bivand, Janine Bolliger, 

Gudrun Carl, Richard G. Davies, Alexandre Hirzel, Walter Jetz, W. Daniel Kissling, 

Ingolf Ku¨hn, Ralf Ohlemu¨ ller, Pedro R. Peres-Neto, Bjo¨rn Reineking, Boris Schro¨der, 

Frank M. Schurr and Robert Wilson 

Methods to account for spatial autocorrelation in the analysis of species distributional data: 

a review The Authors. Journal compilation # 2007 Ecography 

 

Cryer & Chan, Time series analysis. With applications in R, Springer, second edition, 2008 

 

Dunteman, George H, Ho, Moon-Ho R. An introduction to generalized linear models, Sage 

Publications, 2006. 

 

http://www.fageltaxering.lu.se/inventera/metoder/standardrutter/metodik-standardrutter
2015-11-

06
(Swedish) 

 

Hair Jr, Joseph F, Black, William C, Babin, Barry J, Anderson, Roplh E, Multivariate Data 

Analysis, 7th edition, Pearson education limited, 2014. 

 

http://www.ats.ucla.edu 

 

Johansson, Roland, Äggläggning blev dinosauriernas död(Hatching became the death of the 

dinosaures), DN, 2012, http://www.dn.se/nyheter/vetenskap/agglaggning-blev-dinosauriernas-

dod/(Swedish) 

 

Körner, , Svante, Wahlgren, Lars, Statistisk dataanalys(Statistical data analysis), 

studentlitteratur, 2006. 

 

Oliver, Margaret A. Webster, Richard, Basic Steps in Geostatistics: The Variogram and 

Kriging, Springer, 2015  

 

 



76 

 

http://www.snowdengroup.com/news/2015/04/23/the-variogram-explained
2015-11-06

 

 

http://www.storkprojektet.se/sida_historik_forsvann.shtml
2015-11-06

(Swedish) 

 

Tarpey, Thaddeus, Generalized Linear Models, 2015 

 

Turner, Monica G., Gardner, Robert H,. O'Neill, Robert V., Landscape Ecology in Theory and 

Practice, Pattern and Process, Springer science, 2011. 

 

Ulrich, Werner, Almeida-Neto, Mário, Gotelli, Nicholas J, A consumer´s guide to nestedness 

analysis, Oikos, 2008, downloaded from University of Vermont. 

 

A. VAN STRIEN, J. PANNEKOEK, W. HAGEMEIJER & T. VERSTRAEL, 2004 - A 

loglinear Poisson regression method to analyse bird monitoring data. In: Anselin, A. (ed.) 

Bird Numbers 1995, Proceedings of the International Conference and 13th Meeting of the 

European Bird Census Council, Pärnu, Estonia. Bird Census News 13 (2000):33-39 

 

Wackerly, Dennis D, Mendenhall, William III, Scheaffer, Richard L, Mathematical statistics 

with applications, International edition, 7th edition, BROOKS/COLE CENGAGE learning  

2008. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



77 

 

VI. Appendix 
Modeling 

Kriging and variogram     
*Calculating spatial distribution; 

*read bird counts;     

data birdcounts; 

length artnamn $25; 

infile "x:\Documents\Statistik C\C-essay\standardrutter.txt" dsd dlm='09'x 

firstobs=2 n=5000; 

input Artnamn $ karta $ datum yr nr p1

 p2 p3 p4 p5 p6 p7

 p8 l1 l2 l3 l4 l5

 l6 l7 l8 pkind lind; 

run; 

data bird; 

set birdcounts; 

if artnamn="Grå flugsnappare" & yr="2010"; 

run; 

proc sort data=bird; 

by karta ; 

*Read coordinates; 

data coord; 

infile "x:\Documents\Statistik C\C-essay\koordinater.txt" dsd dlm='09'x 

firstobs=2 ; 

input karta $ n o; 

run; 

proc sort data=coord; 

by karta ; 

run; 

*Habitat; 

data habitat; 

infile "x:\Documents\Statistik C\C-essay\habitat.txt" dsd dlm='09'x 

firstobs=2 ; 

input karta $ UR AR PA MA BL

 CF NG MO SH CO BA

 WE WA; 

run; 

proc sort data= habitat; 

by karta; 

run; 

*Combine the data sets, first birds data and coordinates;  

*The rescaling of the coordinates was done to enable fitting ín a model I 

tested; 

data birdcoord; 

merge bird coord; 

by karta; 

yrcl=yr; 

n10=n/10000; 

o10=o/10000; 

run; 

data birds; 

merge birdcoord habitat; 

by karta; 

run; 

data newbirds; 

set birds; 

if CF>0.40; 

if n10<666.1; 

if yr=. then delete; 

run; 
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proc krige2d data=newbirds outest=est; 

coord xc=o10 yc=n10; 

grid x=123.6 to 186.1 by 5 y=616.1 to 666.1 by 5; 

pred var=lind r=60; 

model scale=20 range=2 form=gauss; 

run; 

proc variogram data=newbirds plots=all outvar=variopoints; 

compute lagdistance=1 maxlag=40; 

coordinates xc=n10 yc=o10; 

var lind; 

run;  

symbol i=join l=1 c=blue; 

axis1 minor=none label=(C=black 'Lag'); 

axis2 label=(angle=90 rotate=0 c=black 'Variogram'); 

proc gplot data=variopoints; 

plot variog*distance; 

run; 
 

Poisson Regression 
*Calculating spatial distribution; 

*read bird counts;     

data birdcounts; 

length artnamn $25; 

infile "x:\Documents\Statistik C\C-essay\standardrutter.txt" dsd dlm='09'x 

firstobs=2 n=5000; 

input Artnamn $ karta $ datum yr nr p1

 p2 p3 p4 p5 p6 p7

 p8 l1 l2 l3 l4 l5

 l6 l7 l8 pkind lind; 

run; 

data willowwarbler; 

set birdcounts; 

if artnamn="Grå flugsnappare"; 

run; 

proc sort data=willowwarbler; 

by karta; 

run; 

*Read coordinates; 

data coord; 

infile "x:\Documents\Statistik C\C-essay\koordinater.txt" dsd dlm='09'x 

firstobs=2 ; 

input karta $ n o; 

run; 

proc sort data=coord; 

by karta; 

run; 

*Habitat; 

data habitat; 

infile "x:\Documents\Statistik C\C-essay\habitat.txt" dsd dlm='09'x 

firstobs=2 ; 

input karta $ UR AR PA MA BL

 CF NG MO SH CO BA

 WE WA; 

run; 

proc sort data= habitat; 

by karta; 

run; 

proc means data= habitat; 

var AR BA BL CF CO MA MO NG PA SH UR WE WA; 

run; 

*Read temperature data; 
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data temp; 

infile "x:\Documents\Statistik C\C-essay\temperatur.txt" dsd dlm='09'x 

firstobs=2 ; 

input karta $ temp yr mm; 

run; 

proc sort data=temp; 

by karta yr; 

run; 

data temp2; 

set temp; 

by karta yr; 

array montharray [12] temp1-temp12; 

retain temp1-temp12; 

montharray [mm]=temp; 

if  last.yr then output; 

drop mm temp; 

run; 

*Combine the data sets, first birds data and coordinates;  

*The rescaling of the coordinates was done to enable fitting ín a model I 

tested; 

data willowwarblercoord; 

merge willowwarbler coord; 

yrcl=yr; 

n10=n/10000; 

o10=o/10000; 

by karta; 

data willowwarblercoordtemp; 

merge willowwarblercoord temp2; 

by karta yr; 

run; 

data willowwarblertempcoordhabitat; 

merge willowwarblercoordtemp habitat; 

by karta; 

yr1=yr; 

run; 

data newwillowwarbler; 

set willowwarblertempcoordhabitat; 

if n10<666.1; 

if AR>0.40 then Arable=1; 

else if AR<0.40 then Arable=0; 

if BL>0.40 then Broadleaved=1; 

else if BL<0.40 then Broadleaved=0; 

if CF>0.40 then Coniferous=1; 

else if CF<0.40 then Coniferous=0; 

meantemp=mean(temp1, temp2, temp3, temp4, temp5); 

if lind=. then delete; 

run; 

ods select ParameterEstimates; 

*/poisson estimates; 

 

proc glimmix data=newwillowwarbler plots=all; 

class karta; 

model lind = yr meantemp Arable Broadleaved Coniferous meantemp*Arable 

meantemp*Broadleaved meantemp*Coniferous /dist=poisson link=log s; 

output out=gmxout pred(ilink)=p; 

run; quit; 
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*/spatial correlations; 

proc glimmix data=newwillowwarbler plots=all; 

class karta; 

model lind = yr meantemp Arable Broadleaved Coniferous meantemp*Arable 

meantemp*Broadleaved meantemp*Coniferous /dist=poisson link=log s; 

random karta /subject=intercept type=sp(gau)(n10 o10); 

output out=gmxout pred(ilink)=g; 

run; quit; 

 

*/adjustment for overdispersion; 

proc glimmix data=newwillowwarbler method=quad plots=all; 

class karta; 

model lind = yr meantemp Arable Broadleaved Coniferous meantemp*Arable 

meantemp*Broadleaved meantemp*Coniferous/link=log s; 

xi = (1 - 1/exp(_phi_)); 

_variance_ = _mu_ / (1-xi)/(1-xi); 

if (_mu_=.) or (_linp_ = .) then _logl_ = .; 

else do; 

mustar = _mu_ - xi*(_mu_ - lind); 

if (mustar < 1E-12) or (_mu_*(1-xi) < 1e-12) then _logl_ = -1E20; 

else do; 

_logl_ = log(_mu_*(1-xi)) + (lind-1)*log(mustar) - mustar - lgamma(lind+1); 

end; 

end; 

output out=gmxout pred(ilink)=p ; 

run; 

 

*/spatial correlations with adjustment for overdispersion; 

proc glimmix data=newwillowwarbler method=quad plots=all; 

class karta; 

model lind = yr meantemp Arable Broadleaved Coniferous meantemp*Arable 

meantemp*Broadleaved meantemp*Coniferous/link=log s; 

random int / subject=karta; 

xi = (1 - 1/exp(_phi_)); 

_variance_ = _mu_ / (1-xi)/(1-xi); 

if (_mu_=.) or (_linp_ = .) then _logl_ = .; 

else do; 

mustar = _mu_ - xi*(_mu_ - lind); 

if (mustar < 1E-12) or (_mu_*(1-xi) < 1e-12) then 

_logl_ = -1E20; 

else do; 

_logl_ = log(_mu_*(1-xi)) + (lind-1)*log(mustar) - mustar - lgamma(lind+1);               

end; 

end; 

output out=gmxout pred(ilink)=p resid=r; 

run; 

 

data gmxout; 

set gmxout; 

if lind=. then delete; 

run; 
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*/visualization; 

proc sgplot data=gmxout; 

scatter x=lind y=p / group=artnamn; 

run; 

proc variogram data=gmxout plots=all outvar=variopoints; 

compute lagdistance=1 maxlag=50; 

coordinates xc=n10 yc=o10; 

var n2; 

run;  

symbol i=join l=1 c=blue; 

axis1 minor=none label=(C=black 'Lag'); 

axis2 label=(angle=90 rotate=0 c=black 'Variogram'); 

proc gplot data=variopoints; 

plot variog*distance; 

run; 

data estimates20; 

set gmxout; 

if yr=2006; 

run; 

proc krige2d data=estimates20 outest=est; 

coord xc=o10 yc=n10; 

grid x=123.6 to 186.1 by 5 y=616.1 to 666.1 by 5; 

pred var=n2 r=60; 

model scale=20 range=2 form=gauss; 

run; 

 


