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Study questions
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 The typical features of forests that surround goshawk nesting sites in Central Finland

 Identification of hawk forests based on key features

 How much hawk forests are there on a landscape level?

 What happened to the hawk forests?



Materials
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 Study area: Central Finland

 Goshawk nests of ringer Tomi Hakkari 2015 & 2016 – 78 nests (artificial nests were excluded)

 Multi-source National Forest Inventory (MS-NFI) data of the National Resources Institute of Finland (MaxEnt)

– MS-NFI (NFIs 11&12), 2009-2016

– Satellite imagery 2015 & 2016

– 44 variables, reduced to 10 after removing correlating (|r|>0.7) variables

– Resolution 16 m x 16m, resampled to 80 x 80 m / 160 m x 160 m

 Finnish Forest Centre forest data (Random Forest)

 Finnish Environment Institute data on protected areas (Random Forest)

 FGI topographic database (Random Forest)

 Corine land cover data and false color ortoaerial imagery (NLS) 2008-2018 (Further study)

 Data on annual loggings in 2000-2018, Global Forest Watch (resampled from 30 m to 20 m resolution (Further 

Study)

Mäkisara et al., 2019. Luke Tomppo et al., 2013. Working papers of the 

Finnish Forest Research Institute 273:1–216.

Dormann et al., 2013Penteriani, 2002



MaxEnt
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 Prediction of goshawk nesting sites: maximum entropy modeling (Maxent)

 Inspects variable values at nesting sites and finds similar sites in the landscape

 The model gives values for variables, that describe the best-suited nesting sites for goshawk

 Two alternative models: With growing stock volume of spruce/ with GSV of all trees

 Two resolutions

 10 modeling runs, mean and standard deviation of the runs

 Cross-validation, leave out each group and use the omitted group for evaluation

 Prediction map of forest sites suitable for goshawk nesting

Phillips 2017. Elith et al. 2011. Diversity Distrib. 17: 43–57.



Results- MaxEnt
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 Area under the receiver operating 

Characteristic (ROC) curve

 With presence-only data, AUC depicts 

a probability that a sample 

of positive instances (presence locations) 

and a sample of negative instances

(random background locations, 

pseudoabsences) are correctly ordered 

(Phillips et al., 2006).

 The model performed well: AUC was 0.903 

(Swets 1988). 



Results- Maxent – How much suitable forests are there on 
landscape level?
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 Maxent yields for each square a cloglog-transformed index value ranging from 0 to 1 that describes the 

relative suitability of the square to goshawk nesting, given the environment. 

 We classified squares with index values of 0.69–1.00 as optimal, 0.46– <0.69 as typical and <0.46 as poor 

for goshawk nesting (following approximately Phillips, 2017). 

Cloglog-transformed propability Suitability as goshawk nesting site Proportion of area(%), 

80 m resolution

Proportion of area(%),

160 m resolution

0,69 – 1,00 Optimal 3,73 4,11

0,46 – 0,69 Typical 4,35 4,87

0,00 – 0,46 Poor 91,92 91,02

Elith et al., 2011; Merow et al., 2013



Results- MaxEnt – Where are the best locations?
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 Spruce GSV was better predictor than total GSV

 160 m resolution model was better predictor than the 

80 m resolution model (AUC)

 The maps were developed for the same area based 

on the Maxent models with spruce volume. Black = 

optimal, grey = typical, and white = poor squares for 

goshawk nesting. Blue = lakes, and yellow = squares 

that include a goshawk nest. Larger continuous areas 

optimal or typical for the goshawk are better captured 

in the maps developed at the resolution of 160 m 

than at the resolution of 80 m. The 80-m resolution 

map shows also isolated optimal or typical squares 

that are probably not suitable for the goshawk in 

reality due to their small size. In map b), large areas of 

optimal habitats are located between known goshawk 

nests but most likely, they situate too close to 

occupied goshawk nests and are unavailable for 

additional goshawk pairs due to intraspecific 

competition.

a)80 m 

resolution

b)160 m 

resolution



Results- MaxEnt – potential nest sites
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 MaxEnt generates a prediction map of forest sites 

suitable for goshawk nesting

 Maxent yields for each square a cloglog-

transformed index value ranging from 0 to 1 that 

describes the relative suitability of the square to 

goshawk nesting, given the environment (Elith et 

al., 2011; Merow et al., 2013). We classified squares 

with index values of 0.69–1.00 as optimal, 0.46–

<0.69 as typical and <0.46 as poor for goshawk 

nesting (following approximately Phillips, 2017). 



The distribution of the 

160 m × 160 m squares 

predicted to be optimal 

(dark red; habitat suitability 

index of 0.69–1.00), typical 

(yellow; 0.46– <0.69) or 

poor (grey; <0.46) nesting 

habitat for the goshawk. 

White = waterbodies.

A cluster of optimal and 

typical squares in a 

protected area, Isojärvi

National Park. To increase 

visibility, the actual size of 

the goshawk squares is 

slightly enlarged. 

Map contains data from the Finnish Environment Institute: the Polar and Tropical Circles, Equator and International Date Line 2017; the National Land Survey 

of Finland: Administrative borders 2018 and General map 2008; and Metsähallitus: Nationally Designated Nature Protected Areas and Wilderness Reserves 

2013, all with the Licence CC BY 4.0.



Results- MaxEnt- Significant variables
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 Maxent performs jackknife-tests to 

determine the variables that provide the 

largest unique contributions to the 

models

 Most important variables in predicting 

suitable goshawk nesting sites:

– Spruce GSV (even by itself)

– Canopy cover of broadleaved trees

 Variable contribution does not imply 

anything about which values of the 

variable are important

Variable Variable 

contribution %

Model deterioration %

GSV spruce 72.7 64.6

Hardwood cover 7.7 12.0

Other hardwood logs 6.7 3.4

Site fertility class 5.4 1.5

Birch pulpwood 2.1 3.6

Spruce stem residual 1.6 0.9

GSV other hardwood 1.4 1.5

GSV birch 1.2 9.9

Canopy cover 0.8 1.8

GSV pine 0.5 0.6

Relative contributions of the environmental variables used in 

modelling the habitat suitability for the Goshawk, averaged 

over multiple Maxent runs (jackknife). Model deterioration 

shows a percentual drop in the training AUC of the SDM if 

values of a variable are randomly re-allocated 

(Phillips, 2017)



Results- MaxEnt – Variable values

 The optimum values for some of the most 

important variables:

– Spruce GSV > 150 m3/ha (A)

– Canopy cover of broadleaved trees about 5 

% (B)

– Only few other old harwood trees than 

birch (C)

– Some birch is optimum (20 m3/ha) (D)



Modeling- Random Forest
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 Finnish Forest Centre forest inventory data 

complemented with FGI topographic database 

and Finnish Environment Institute data about 

protected areas.

 The data was processed in ArcGis Desktop by 

creating buffer zones aroung known nest 

locations and random locations. Then variable 

means, feature areas, majority values or 

minimum and maximum values were calculated 

for variables (depending on variable type)

 The variables marked with asterisk were 

available for 6 different tree species

Variable name Abbreviation Combined by

Mean age, years* MeanAge Mean

Basal area, m2/ha* BasalAr Mean

Stem count, 1/ha* StemCnt Mean

Mean diameter, cm* MeanDmt Mean

Mean height, m* MenHght Mean

Growing stock volume, m3/ha* Volume Mean

Log volume, m3/ha* SawLogVl Mean

Pulpwood volume, m3/ha* PulpWdVl Mean

Annual volume growth, m3/a* VolmGrw Mean

Leaf biomass, kg/ha* LeafBms Mean

Stem residual biomass, kg/ha* BrnchBm Mean

Stand quality (1 – 9) StndQlt Min & max

Fertility class FrtltyC majority

Main tree species (01 – 28) MnTrSpc majority

Fields 36200 area

Water areas 32600 area

Constructed area 4220 area

Marshes etc. 35400 area

Nature conservation program lsohj area

Nature conservat. wilderness lsysa area

Natura 2000 natura area



Modeling- Random Forest
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 Random Forest generates one classifier tree for every random datagroup.

 In this study, 500 classifier trees were generated

 Different Random Forest-methods/packages for R were used: normal 

randomForest, Boruta, and cForest

 Visual representation of a random 

forest tree with one run and a 4000 m 

radius. Highest: the first variable and 

it’s p-value. On the lines connecting 

the nodes are displayed the values 

that were used to distinguish 

between nesting sites and random 

sites. Lowest bars show the ratio of 

nesting sites (dark) and random sites 

in the group, that was classified in the 

final stage. This one graph cannot be 

used to make any assumptions about 

variable importance, because 500 

classification trees were generated in 

this study. The final class value was 

determined by combining results 

from different trees, choosing the 

result that received most votes during 

the 500 runs.

(Hastie et al. 2009)



Modeling- Random Forest
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 There is evidence, that the traditional randomForest-package might overestimate the importance of 

correlating variables, and the bias of the model is only as small as the bias of a single tree.

 cForest does not use bootstrapping, instead it generates subgroups without returning the data to the 

basic group.

 Boruta generates randomized, or shadow variables and compares the performance of actual variables with 

them. The variables that perform better than the shadow variables are designated significant. 

(Kursa & Rudnicki 2018)(Strobl et al. 2009a)



Results- Random Forest
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 Spruce saw log volume and

total saw log volume were among the most 

important variables with all three different 

Random Forest methods with various radii.

 Boruta:

– blue: shadow variables, red: poor, 

yellow: average, green: best variables 

for classifying (right: Boruta results for 

200 m radius)



Results- Random Forest
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 Results of the randomForest model 250 m(left) 

& 500 m (right) :



Results- Random Forest

21.5.2021JYU SINCE 1863. 18

 Performance of the randomForest- model on 

different radii (smaller OOB= better model):

Radius OOB mean

200 0,29

250 0,31

500 0,36

1000 0,36

2000 0,34

4000 0,37



Further study
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 Our models were based on the situation in the forest landscape 

in 2015–2016. 

 After this, goshawk squares may have been degraded due to 

logging (Byholm et al., 2019). To assess this threat, we measured 

the proportion of best and good goshawk squares that were 

located in ‘safe sites’ in protected areas and those that were 

situated in unprotected managed forests and were possibly 

logged in recent years.

 MaxEnt locates the suitable 160 m x 160 m squares, but does 

not tell, how much of them is suitable habitat

 Further study was done using Corine-land cover data and 

ortoaerial imagery



Further study
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 The squares with low likelyhood for goshawk nesting were omitted

 The square classifications: 

– must contain at least 1257 m2 unlogged forest or it is considered ”destroyed”

– Instruction in METSO- bird of prey study : goshawk nest buffer: 50 m / 7854 m2 ->”preserved”

– Between 1257 m2 and 7854 m2 ->vulnerable

 Best squares N=6895, good N=19421. One square = 2.65 ha



What happened to the Goshawk squares?

 In total, 11 % of best and 9 % of good squares were destroyed or vulnerable in 2019.

 Most of the destroyed squares had over 7854 m2 of unlogged area in 2015.

 90 % of the best and good squares were preserved.

 Only 5.5 % of the preserved squares included protected areas.

 Logging occured to some extent in 44 % of best and 51 % of good squares.

www.luomus.fi/fi/pesapaikkojen-saastaminen Penteriani ym. 2002. Auk 119: 

1132–1137



Situation of 2015 excellent goshawk squares in 2019
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A

C

EB

D

F

GFW data

black = logged in 2015–2018, grey = logged in 2011–2014 and white = unlogged or logged before 2011



Discussion & conclusions
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 Since most of goshawk nests were outside PAs, it is important to conserve biodiversity with 

complementary measures in privately-owned managed forests.

 It is important for goshawk and associated species to secure a continuous supply of mature forests at 

landscape level.

 Current protected area (PA) network alone is insufficient to conserve forest biodiversity and threatened 

species

 Our Maxent results show the importance of stout spruce forest for the indicator species, goshawk, and 

help in identifying sites that are likely hotspots of biodiversity and species of conservation concern that 

inhabit old-growth mixed spruce forests.

Parviainen and Frank, 2003; Virkkala and Rajasärkkä, 2007



Thank you
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Master’s thesis, Anssi Parkkinen: http://urn.fi/URN:NBN:fi:jyu-201906203323

The article, Predicting valuable forest habitats using an indicator species for biodiversity : 

https://doi.org/10.1016/j.biocon.2020.108682
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