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Executive Summary

Urban Green Spaces (UGS) play an important role in the ecosystems of cities and the
services they provide. Little research has been done in Suriname mggardan biodiversity
and ecosystem services and this makes it difficult to understand the role that these UGS play
within the capital Paramaribo. Tao so, it is important toetter understand spatig@mporal
dynamics andlistribution of UGS Sentinel2 satellite images from the greater Paramaribo
region were downloaded, processed and resampled to i€solution in order to create a
classified mapf urban vegetatiarThe following classes were identifiellWa t e rupardasy i | t
trees, mangroves, mixédow vegetati on, i nfr a$hesupportvactoe, gr
machine (SVM) classifier in QGIS was used to produce a vegetation map oakdEdalysis
of the map showed th@6.11% is 8ll of a vegetation type claseut of which 25.6 % is aered
by trees. Further analysis however showed that 1 % of the tree cover is within the capital district
of Paramaribo and only 4.78 % of the trees in the region are within a 250 m distance from a road.
After comparing the classified map of 200v&h a Land use landcover map created by the
Foundation for Forest Management and Production Control (SBB) from the yeartB800
conclusion was drawn that overall changes had occurred in 60.07% of the study area. Further
analysis showed that 46% ocaearwithin a distance &50 metersfrom theroads networkn
the greater Paramaribo regignchangemap was createshowing the different changes within
the vegetation and the neegetation type classe$he main conclusiors that green spaces
within the total study arearenot evenly distributedThe capital district has far too little tree
cover andhe tree cover in the rest of the region is not accessible enough for the people living
there. Because the difference between the tree cover that wetedetsing the NDVI map and
the tree cover that was detected using the SVM classifier was only 5.4 i%60highly
recommended than NDVI map is created on a monthly basis to monitor the tree cover in the
areaand also that a custom NDVI table is creatpdcifically to identify vegetation in Suriname
for the wet and dry periods to increase the accuracy of the classificatiorlaBsdgiedmap
using the SVM classifier can loeeated every 6 months to get a better view of areas that indicate
possible deforestatiohe tree cover in Paramaribo needs tekpanded by possibly adding
some parksr planting trees on strategic locatiolss also recommended to use this mettwd
analyze the entire coastal area to create a more complete picture of the green spaces distribution
for all the urban areas in Suriname and that more research is done on where we can strategically
place more of them in order to maximize the benefitshionans, the environment and the

ecological functions that they fulfill.
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1 Introduction

With the disappearance of forests and an incr@gasgbanization over the last thirty
years green spaces have become more interesting to reseagsftewecan see a significant
increase in scientific studies being done on the sybjedudingthe urban heat island effect,
rainfall and concentration of air pollutigMakhelouf, 2009)Urban green spacesso contribute
to recreation and human wellbeing well as the preservation of historic landscape features
(Vatseva, et al., 2016%tudies are also being conductedtwe different functions of urban green
spacesas well as the impact these spaces can have on their enurtorithe European
Environmental Agency strongly advises tpabple should have access to an urban green space
within fifteenminutes walking distance in order to gain health benefits from the §p@rmers
& Bordeau, 1995) A review done in Latin Americand the Caribbean shows that one hundred
and eighty two articles were published from thirtemuntries on trends in urban forestry
research. Brazil, Chile, Nicaragua and Mexico published almost 74% of all articles and most of
the studies were field based surveys of vegetation divéBdtpnaa, et al., 2020)he amount
of green spaces needed in different types of citisgValved from simply looking ahe size of
the area relative to the poptitmn and the distance frora household to a green spaon&
analyzing and lookingt the sociademographic needs of a cgigs well as ecological functions
and designing the green spaces based on the results of those needs as{&sneri213)

There are unfortunately also little to no studies done in the low income tropical areas which also
results in a lack of policy when it comes to urban development and plai@tiagna & Bheat,

2009) No studies havbeen done in Suriname with regards to urban green spaces and the effects
they haveon their environmenfThis type of research can help us better understand the benefits

of green space¥nowing their location and how thalevelop can give us the advantage of
maximizing their effect on society.The existing lawsn Surinameregarding urban spatial

pl anmmitergembouwkundi ge wet (dodat @grgvide adrantbwoiikP | a n v
for monitoring urban green spaces and also d
the laws only stipulate the manner in which an area should be designed with regards to allotment
plans, destination plarmdstrudure plans. Green spaces are mentioned in the law as an option
that should be taken into account d@elsoldto the government for a fair pri¢gghe govt. of
Suriname , 1972Recently the government has been requiring devedapeadd green spaces

in their design plan but they allow them to only leave the bare minimum which is based on the
size of the lot that will be developebhe District Commissioner does this case by das2012

a 6.8ha green patch was cleart in Paramaribo. Ithis patch alone one hundred and thirty five

sloths weraescuedPool, et al., 2016)This is one of the few papers that was found related to
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green spaces in Surinant@obally theimportanceof urban gree spacess increasingbecause

of the positive effect they have amental health of humarisiedblom, et al., 2019and the fact

that they can help people livelongert 6 s not possi ble to make a s
Suriname because of the lack of research and policy documents. Accoriviegitam (2014)

urban green spacssch as agricultural lands, unique forests and even wetlands are disappearing

as a reult of urban sprawl in thgreater Paramaribo region

1.1Problem description

Urban green spaces have not yet beesurately documented in Surinaméeie is no
guantifiabledata on where they are, how big they are and whaidbsibleeffects arghatthey
haveon their surrounding areaResearch on urban green spaces can be very valuable with
regards taurban planningincreasing the wellbeing of theeopleliving in these urban areas as
well as the ecosystems. dnder to properly research the impantl benefitsirban green spaces
have on the urban areas in Suriname, it is necessary to make an assessment of thepatiaient

distributionof these spacemnd how they have developed over time

1.2 Researchobjectives

The main objective of this study is to develop a baseline of the cexttof green

spaces within the urban areas of Same and t@nalyzetheir spatial distributiover time

1.3 Research question

What is the spatial distribution of green spaodse greater Paramaribo region and how

have they evolved over the last ninetg@ars?
Thefollowing sub questiong/ereevaluated:

1. What does thepatial distribution ofjreen spacdook like in 2009?

2. How are the trees, shrubs and grass type vegetiiivibuted within the green spaces in
2019?

3. How hasthe green space distribution evolved between 2000 ar2?201
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2 Literature review

2.1 Defining urban green spaces

According toTaylor & Hochuli (2017)the term green spaces is used many times with a
variation in definition by multiple disciplines. Because of the difference in definition in different
studies it was deemed not ideal to compare studies with each other and therefore it was
recommended that green spaces be properly defined in each papgetufe researchin
Surinamethe Foundation for forest management and production control (SBB) has worked out
the definition on forestkr monitoring purposewhich states the forest class is defined by 30%
crown cover over a 1ha minimum mapping und @ 5m minimum tree height at matui(BB,
2014) There is no definition specifically used in Suriname with regards to urban green spaces.
AUr ban Gr een Spa cland that ia parthboe compdefely coeeded with grass,
trees, shrubs, or other vegetation. Green spaces includes parks, community gardens, and
c e me t dBEnvirenmental Protection Agency, 201This definition wasultimatelyused for
this research.

2.2 Study area

According to the planning law of 1972% e d e n b o u w k tanddhie we on\aedt 0 )
from1973( P a n wanly Bajamarib@and Lelydorpcan be defined astieswithin the greater
Paramaribo regigrwhich excludes the expansion of the citylie buter parts ohese districts
into CommewijneAlthoughthe greater Paramaribo region is not defined on the government of
Suriname website or documentations, it is mentioned briefly in their development plan for 2017
2021 (Stichting Planbureau Suriname, 201Based on the boundaries described by Humg
et al (2019), ke greater Paramaribo regigfigure 1) was eventually chosenusing those
boundariess the area of interest for this studyisideringhis is the ara where presumably the
most change has occurred in urban green giatriéutions.
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Figure 1
Overview of thesudy Area Showing theGreater Paramaribo Bgionand the districts that are in it

source www.gonini.org
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2.3 Satellite Imagery

There are multiple imagery options available to conduct this reséarkiala Lumpur
a combination of SPOT satellite images, field observations and information from the city to
classify the different types of urban green spa@ésr & Abdullah, 2019) In Mexico a
normalized difference vegetatiomdex (NDVI) map was created from which the green spaces
were extracted, after which they were overlaid with existing municipal land use maps from the
Municipal Institute for research and urban planning in order to create the classifi¢Baefnap
Salmoén.et al 2014) A lot of the studies found, show the use of Satellite imagery as a basis for
creating a classified map. This is usually combined with either field observations or existing data
collected by other official institution¥he most widely used ¢ipns are the Landsat and Sentinel
satellite imagesThe mission consists of tweatellites (8ntinel2 A and B) carrying a passive
multi-spectral imager (MSI) containirigirteens pect r al channels (or O0ba

infrared (NIR) and short wavafrared spectral range (SWIRGuropean Space Agency (ESA),


http://www.gonini.org/
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2018) One of the main considerations of this study is to create a replicable method that can be
used in thedture to continue the monitorirendthe development of green spaces within the
greater Paramaribo regiohhis means that it must also be financially sustainable i.e. open source
software and free imagerBoth Landsat and Sentinel images are freely al&lto download
however the resolign for Landsat is 30m and fore8tinel2 can be processed down to 10m.
Since wban areas are the focus of this sttisig means that the green spaces are most likely
much smaller than 900imif Landsat were to be uséidcould result in a loss of vaible green

space. With Sentingl images the pixekesolution is 100dwhich means a lot more information

can be extracted from these images compared to the Landsat imageshEmsas reasowhy
Sentinel2 images werechosen for this study (figurg). The spectral resolution of Sentinel
satellites werealso designed to improve upon the experience from the SPOT and Landsat
missions of the previous decades as well as its accessibility. Sehtestlres 13 spectral s

with a spatial resolution of 1, 20m or 60m and a radiomét resolution of 1it. For urban

green spaceapping, only the spectral bandith a resolution of 10mvereused. The bands at

60m are mainly used for atmospheric corrections. For thdyshe bands B2, B3, B4, B8 and

B11 have been chosen due to their spectral reflectance to enhance vegetation on the images.
Figure 2showsthe twotiles covering the study area 21XG and 21YG.

Figure 2
Overview of Sentin?Atiles over the coast of Suriname with the study area ir{Eedopean Space Agency

(ESA), 2018)

212G

24 Normalized DifferenceVegetation Index (NDVI)

The nost widely used index for classifying vegetationthe NormalizedDifference

vegetation Index (NDVI), formulated by Jensen (198®)VI is calculated from the visible light
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that hits it, and reflects a large portion of the near Infrdrethis index, vegetatiopixels have

a value close to onsince the red values dmv and the NIR values higithe vegetation index

can be used to create an initial vegetation map showing only the vegetationwegetation
pixels.NDVI differencinghasbeen successfully used to detect vegetation change in the south of
Italy with a 9..8% accuracyMancino,et al 2014)where2 NDVI maps from twdime periods

are compared antie difference between the maps shows the change between the time periods.
This methodcould also be used to detect the charbat occurred in Suriname between 2000
and 2019with regards togreen spaceshowever the detailed information on the different
vegetation classagould not be taken into account which is why this was only used to get a first
indication of where green spas may be located within the study aneig the definition NASA

uses TheNDVI values lower or equal to Odefinebarren areas of roak sand while shrub and
grasslandcorrespond to values betwe@r? and 0.3, and valuesbetween 0.6 and O.i8dicate
temperate and tropical rainforegi&eier & Herring, 200Q) These values were created for a
global overview of vegetation in the world which means that they can only be used as an

indication of the locations and not as idextfion of absolute locations for the classes.

2.5 Map classification

In order to identify different clags within the vegetation it ireecessary to also look at
different classifiers. There are different algorithms that can be used to classify satellite images
and create a map with multiple classificatioNlse Random Forest classifier (RiS)a supervised
learning algorithmThe Random forest algorithm has now been integrated into @@&I&h can
be utilized witha fully cloud free imageThe Support Vector Mchine classifier§VM) which
is a classifier used to classify satellitsagesusinga set of algorithms and trainingta A study
comparingRF with SVM suggest SVM classifiers outperform random forest when it comes to
cancer classificatiorfStatnikov & Aliferis, 2007) Some studies however show that tR€&
classifier produces better results than the SVM clasgifiar Hu, & Sun, 2013)Both articles
state that the subject of classification and the number of data samples that need to be processed
play a role m the success of ¢hclassifier In order to determine the accuracy of the classified
map and asses the methtlde map needs to be validated and compared higther quality
reference data collected through a sample based appiiaado. this random samples neted

be colleted within the different classes (strata).
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2.5.1 The sampling design

The sampling design termineshow thesubset of the maphould be selected.h&
accuracy assessmesibaed on this selectiorstratification ishe process division of the area
of interest into stratavhich are sub divisions.d€h assessment unit designatedo a single
stratum.Overall sample size for stratified random sampimgalculated by th€ochran 1977

equation

R — (1)

Thestratified randonsampling can then be distributed among the different strathe
Cochran 197 &quationnis thenumber of units in the area of interest (number of overall
pixels if the spatial unit is a pixel, number of polygons if the spatial unit is a polygdnig )
the standard error of the estimated overall accuracy that we would like to aghievbe
mapped proportion of area of cldsands is the standard deviation of stratuniFood and
Agriculture Organization, 2016)

2.5.2 The Response Design

The response desigs usedto determingf the classifiedmapaccurately describefie
reference datalhe response design consists of four ma@nponentsThese arethe mapping
unit, the sourcesrom which the reference clasghtions are determinedthe protocol for
labeling the reference classification and the definition of agreerffembd and Agriculture
Organization, 2016)

2.5.3 The Analysis

The error matrix isnethodology forelationship analysis between multiple variables
and this casthe class labels allocated by map and referencebgiatg x q matrix with g being
the number of classes asses¢Edod and Agriculture Organization, 201&he accuracy
measuregncludngover all accuracy, useros accuracy an
respective confidence intervalre calculated frorthe error matrix. The overall accurasya
representation dhe probability that a randomly selected location on the map is classified
correctly (Food and Agriculture Organization, 2016he SemiAutomatic Classification
Plugin in QGIS can be used to calculate the accuracy statétios classified map.

2.6 Analysis of the classified vegetation map
There are many cities around the world that have researched and implemented their
own standards of minimal amount of green space in their city. The city of London for example

has a stagiard of 4ha per 1000 inhabitants which is 40 square meters per person whereas
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Pakistan has a minimum standard of 0.52 ha per 1000 inhabitants which comes down to 5.2 m2
per persorfMaryanti, et al 2016) The World Health Organisation (WHQO) recommends a
minimum of 9 square meteasid suggests that an ideal amount considered to be 50 square
meters per persdiworld Health Organization, 2010Jhe WHO(2010),also recommends

minimum distance of 5 min or 300 m from a green saceell as ensuring accessibility and

safety of the space for people.

2.7 The historical change analysis

To determine the change within the vegetation another m@p the year 2000 is
necessaryA study in China on a historical change model used historical dath@asatellite
images from different years in order to make a historical land use change af¥aygjset al,
2017) SBBcreated a land use land cover mag@00, whichcan be usetb similarly create the

comparison with the final classified map for 2019.

3. Methodology

3.1 NDVI to distinguish green spaces vs non green spaces
The SentinePl satellite images that were downloaded were firstgssed down to 10m
resolution.To helpidentify sample points between vegetation andvegetationan NDVI map
was createdlhe standard formula for creating the NDVI map is
0 0WO0OYYOTOOYYOO 2
For SentineR bandghis equation would translate:

0 OwOOY Ot 7oy ot (3)

3.2 Classification method
To determine the spatial distribution of green spaces within the greater Paramaribo area

the followingclassification methowasused (figure 3).
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Figure 3

Classification Method source: author
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During the preprocessing phaséwo Sentinel2 images werealvnloaded from the dry period

dated September12" 2019. These images were cloud free images which meant that it was
unnecessary to apply a cloud maslkaarioud fill. The images were corrected in SNAP and then
resampled down to 1®. During the classifying phasa classifierwas run on the images and
training datawas ceated.Training data is data which tells the algorithm which pixels on the
satellite mage represent which clagsr each class a number of training samplas ereated.
Because of the irregular shape of the area, a bounding box was used to compute both the RF and
the SVM classifier.The eight classes defined for this studye water, builtup area, trees,
mangrove, mix low vegetation, infrastructure dradle soil (@ble 1) andhie number of training

samples created for each class can be seen in table 2.

Table 1

The Definitionsof dasseaused for thistudy, source: author

Class number Class Definition
1 water More than 50% of 10 x10 m covered by water
2 built-up More than 50% of 10 x10 m covered by buildings, houses
3 trees More than 50% of 10 x10 m covered by trees
4 mangrove More than 50% of 1810 m covered by Mangrove
5 mix low vegetation More than 50% of 10 x10 m covered by a mix of low vegetat
6 infrastructure More than 50% of 10 x10 m covered by hardened roads
7 grass More than 50% of 10 x10 m covered by a grass (high and lo
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8 baresoil More than 50% of 10 x10 m covered by bare soll

Table 2

Overview of Blygons used asraining Data

Classes Number of polygons used

for training data

Water 53
Built up 43
Trees 52
Mangrove 34
Mix Low Vegetation 45
Infrastructure 24
Grass 41
Bare Soll 51

Using the training datawo initial maps were created using ttveo algorithms namely oe
classified map using éhrandom forest classifier and onsing the support vector machine
classifier.This was done taompare the twalassifiers using an accuracy assessment and see
which one did a better joim order to then further perfect that classifi&n initial accuracy
assessment was madigring the validation phasm the map produced with the RF classifier as
well as on the map produced with the SVM classifiémound truthing data was created using
high resolution drone images from March 2019 for the center of the city and google earth imagery
for 2019. Using this data an error matrix was created for botheisn@lge error matrix showed
that the SVM classifier works better on this dataskich is why thismethod was used to
improve the classificatiorBased on the first SVM classified image, adjustments were made to
the training data and a new accuracy assessmas made and tested until the best possible
classification was obtainefigure4). The recent classification ofangroves by SBB was used

to create ground truthing data for that class.
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Figure 4

Accuracy Asessmeritoop, source: author
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After the final classified image was created a manual check was done to ensure that green spaces
within the area were all properly represented. The reason fan#émsal check is that there are

two significant green spaces the center ofParamariboknown asthe Cultuurtuinlaan and
Palmentuin and it wasnportant that these spaces were present omépe Usinglrone imagery

with a resolution of 1@m, the existing gaps on the classified map were manually filled in with

the iight classification. This was only done for thés® important green spacednce this was
complete the classificationmascategorized as final. The study area was tigped out of the

bounding box.

3.3 Analysis of the vegetation map

The analysis of the classified vegetation map was done by calculating the number of
green spaces available per 1000 inhabitants using census data from 2013 in order to compare it
with the standards of the WHO and by creating a Euclidean distance majyie dha

distanceo green spaces within 250 m from the roads.

3.4 The historical change analysis

In order to do the historicalhange analysis banduse landcovermap was obtained
from SBB from theyear 2000 whichvas createdsing Landsat imageryhe classes in the 2000
Landuse lanccovermap were aligned with the classes used to create the vegetation map of 2019.
The map wa created with a resolution 80 x 30 m. The map was resampled to 20 m in
order to be compatible with the classifiedprfrom 201%nd wsing rastedifferencing achange

mapwas createdrigure 5gives a schematic overview of the method that was followed.
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Change AalysisMethodOverview, source: author
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4 Results andDiscussion

4.1 Satellite images

The 2 satellite images(21XG and 21YG)both dated September 12, 20Mere
downloaded from the Copernicus Open Access (H3A, 2019) The images wenenprocessed,
containingall bands with no clouds above tbieidy area (figure 6)JJsingSentinel Application
Platform(SNAP) the images were processed and resampled to 10m resolution after which they
were clipped using the bounding box around the study area. The bounding box was used during
this phase because tlmeegular shape of the study area causes the program to make a lot more

computations which then caused the computer to freeze.

Figure 6

Study Aea andBoundingBox above2 Sentinel2 Satellite Images

Overview of the study area overlayed on top of the

sentinel 2 images

Legend 0 10 20 km

Greater Paramaribo Region Sentinel 2A Satellite Images
. date:12-09-2019
[ Bounding box of study area 1yages downloaded from : https://scihub.copernicus.eu/dhus/#/home
study area created from "grenzen" shapefile downloaded from www.gonini.org

Note.The SentineR imagesvere downloaded from https://scihub.copernicus.eu/dhus/#/home and the study area
was created from the district shapefile downloaded from www.gonini.org
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4.2The NDVI map

The NDVI map was creatagsing the 2 Sentiné? satellite imageto give a clear imag
of where the green spacasdthe nongreen spaceare locatedThe NDVI mapcreated can be
seen as a level omegetation map for thgreaterParamariboegion(figure 7). The NDVI map
gives a first indication on where the green spaces ea¢dd. Thenumbers are between zero and
one The NDVI map already gives us an idea about the locations of green spaces-gneemon
spaces. Even though this is not enough to distinguish the different vegetation types within the
green spaces, it was used to assistémtifying the locations and creating a better classified

image.

Figure 7

NDVI Map ofClipped Satellite Image
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The NDVI results show that 7.18% of the area is classified as water, while 3.9% is classified as
grass and shrubs and 30.5®classified as trees (tablg¢ Jhese definitions of NDVI values

and their corresponding classes were chosen from a study sthibesegclasses on a global scale
(Weier & Herring, 200Q) This means that the vegetation type classes may be-umder
overestimated. To have a more accurate representation of NDVI values and their corresponding
classes specdally for Suriname it is necessary to do ground truthing in both the dry and wet
seasorand create standardhis data can then be used to create standard values for Suriname

and more accurate NDVI maps can be produced in the future.
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Table 3

NDVI Values and CorrespondindddseqWeier & Herring, 2000)

NDVI classes NDVIvalues  Pixel count Area (ha) %
Water <01 620224 6202.24 7.18
Shrubs and grass 0.2-0.3 336504 3365.04 3.90
Trees 0.6-0.8 2,639538  26395.38 30.57

4.3 The classifiedvegetation map of 2019

The methods used to create the vegetation map for 2019 can be easily replicated and in
the future even be automated for the same area in order to csaatainable monitoring system.
The advantage of thenethod isthat itis straightforwardand everthoughthe literature states
that the Randomdtest classifier givebetter outputin thiscase the SVM classifier producad
better resultThe overall acaracyof RF was 79% and SVM was 84%he possible reason for
this difference may lie in the size of the study area and the number of samples that were used.
Random forest works better with larger datasets and SVM works better with smaller datasets.
Training polygons were created using field visits @&uabgleEarth imageryTable4 shows the
number of polygons and pixels used for training the datevell afor ground truthingfigure
8). The shape of thetudy area created some difficulty for the software during the tesititng
classifiers. This is the reasa@ bounding box was placed around it and used to make the
classification.The trainingand ground truthing samplegere also created within thigounding

box and not justvithin the study area.

Figure 8

Overview ofTraining- and Ground Truthing Polygons withinthe BoundingBox

A

Overview of
training- and
ground truthing
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Table 4

Overview of Blygons used fo€lassification andGround Truthing

Classes Number of polygons used  Number of polygons used Total number of
for training data for ground truthing polygons
Water 53 35 88
Built up 43 32 75
Trees 52 35 87
Mangrove 34 23 57
Mix Low Vegetation 45 30 75
Infrastructure 24 18 42
Grass 41 27 68
Bare Soil 51 30 81

The final classified vegetation map of 2019 shows the fpashes on the outside of the area.
The red and orange in the image show the built up areas and the infrastructure. From field
observations we know that theaee trees wthin this area, however due to the pixel resolution
of 10m these treeare not visible in this classification. The grey shows mix low vegetation

which is covering most of the area along with gi@igsire 9).

Figure 9

Classification Map of the Greater Paramaribo Region 2019
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The map was validated using the ground truthing data and the error matrixojtalile error
matrix was produced using the Sefitomatic Classification lBgin in QGIS.The average
produerd accuracy i88.02%, theaveragas s eacauracy i90.31% andtheoverall accuracy
of the map i88.36%. Based on thge statistics the conclusion can bexdn that this map is

acceptable for use in an analysis.

Table 5

Pixel BasedError Matrix of the Fnal Classification

REFERENCE

NOILVOIdISSVY1D

Mix low Infra - Bare
Classes Water Builtup  Trees Mangrove . Grass ) Total
vegetation  structure soil
Water 142142 0 0 0 0 6 0 0 142148
Built up 0 457 0 0 0 5 0 81 543
Trees 0 0 16637 114 7 0 0 0 16758
Mangrove 0 0 97 6293 0 0 0 0 6390
Mix low
vegetation 0 0 1001 270 2957 0 55 56 4339
Infra -
structure 0 13 0 0 0 200 2 18 233
Grass 0 0 92 0 39 0 1441 54 1626
Bare soil 0 0 0 0 4 2 30 1727 1763
Total 142142 470 17827 6677 3007 213 1528 1936 173800

Individually looking at the accuracy assessnieistimportant to make distinctionbetween the
vegetation type classes and the #vegetation type classes. This study focusses mainly on the
vegetation type classes which is the main reason that the number of pixels used for training data
as well as ground truthing data differs betweenttto main types of classes.aférhoweveris

very accurately classifiethainly because it is easy to recognize on the satellite images and also
because a very high number of training data as well as ground truthengyaatollectedtable

6). A large number of pixels was collected to classify and ground truth the trees class and the
userb6s accuracy was very good f or 7618iwhkichc| as s
was a little low. Given the large number of pixels used in the tauéta the choice was made

to accept this accuracy, because trying to improve this at this scale would have a big effect on
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the rest of the classeA.decent amount of pixels was collected to classify and ground truth the

mix low vegetation class, resulgnn an acceptable r o d uacceracg st only havingas er 6 s

accuracy 0168.1%. This was to be expected given that trees, mangroves and grass can all be

found within the mix low vegetation clas§he importance of design is clear when looking at the

reallts of trees and mix low vegetation. The large number of tree pixels that was classified as

mi x | ow vegetation 1is

effecting

the user s

almost one third of all the pixels collected to ground truth ¢lass. During this phase of the

study

the deci

sion was

made to

accept t his

changing the number of groditruthing pixels would mean the number of training data would

have to change and that would resulaiwhole other classified map that would then need to be

analyzedT h e

producer 6s acc

uracy for

t he n80%asses

which can be accounted the fact that the ground truthing data was harder to collect than

expected. Mangive were difficult to identify and was often seen as tlgethe classifierThe

accuracy assessment loop (figure 4) was used to try and ienfr@accuracy of thdases but

improving one class can have a negative effect on the accuracy of anotbiannhplass which

iswhy the loop was endesdith an overall accuracy of 88.36 Yhen using this map to identify

green spaces for further research it is important to take into account that the mix low vegetation

classis poorly represented on this map.

Table 6

Overview othe Training- and Ground Truthing Data with their Gorresponding? r o d u an@Us & sAc&wracy

Classes Number of pixels Number of pixels Us e acbusacy P r o d u aceuradys
for training data  for ground truthing (%) (%)
Water 185,526 142142 100.0 100.0
Built up 697 470 84.2 92.3
Trees 24,800 17827 99.3 76.1
Mangrove 9,306 6677 98.5 63.3
Mix Low Vegetation 4,313 3007 68.1 98.0
Infrastructure 257 213 85.8 98.9
Grass 2,269 1528 88.6 96.5
Bare Soil 2,607 1936 98.0 79.1

a
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4.4 Analysis of the classified vegetation map

The total area of the greater Paramaribo regio86i840.5ha. The vegetation type
classes such asees, mangroves, mix low vegetation and grass makemups 716.39 ha
(76.11%)(table7). It could be argued that this number is fairly higith regardto green spaces
within the area, however the map shows that these green spaces are not evenly distributed across
the region. Using the population numbers from cer{&eneral Bureau of Statistics, 2013)
within the greater Paramaribo region for every 1000 inhabitants there is 57 ha of the trees type
class availableHowever when looking at Paramaribo alone it shows that there is only 4 ha of
the trees type class availalger 1000 inhabitants which comes down to 40 square meters per
person. Compared to the WHO standard of a minimum of 9 square meters per person this seems
to be enough, however the distribution of the population in Paramaribo differs per resort which
means that a more detailed vegetation distribution analysis needs to be done using census data
on a resortevel. When analyzing the spatial distribution of theen spces it is also clear that
only 4.78 % ofthe trees arevithin 250 m of the road. The management of green spaces in
Suriname is for a big part only done to maintain the side of the roads. The grass is cut and a
couple of trees are planted. Trees amx low vegetation identified in this study are usually not
accessible to people. They do provide ecosystem services and are home to many different animals
however of the 4.78% of trees within the 25@hthe road, it can be assumbat a big part of
this is not accessible to peoplhese numbers can estimate the quantity of the green spaces, but
do not account for the quality or the ecological function of the spBuoeher research needs to
be done on the effect these identified green spaces hatree arity such as a cooling or air
purifying effect in highy populated areas and big roads such as the Martin Luther King weg or
the Magentakanaal weg.

Table 7

The Total Area perClassandPercentage$n the Greater ParamaribdRegion

Class Area (m?2) Area (ha) % Ha / 1000 inhabitants
Water 53286300 5328.63 6.17 14

Built up 39771000 3977.1 4.61 10

Trees 221000100 22100.01 25.60 57
Mangrove 10886800 1088.68 1.26 3

Mix low vegetation 245244500 24524.45 28.40 63
Infrastructure 47045200 4704.52 5.45 12

Grass 180032500 18003.25 20.85 46

Bare soll 66138900 6613.89 7.66 17

Total classified area 863405300 86 340.53 100
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When looking at the noemegetation type classes the study shows that they make up for
20 624.14ha (23.89%) of the greater Paramaribo region and when examining the capital district
of Paramaribo the result shows that the-megetation type classes cover a total of 8990.09ha
(10.42%) (table 8) concluding that 44% of all the «vegetation tpe classes that are within the
greater Paramaribo region are located in Paramaribo (figure 10). Further research can also be
done in the city of Paramaribo using higher resolution or drone images to map the green spaces
that are smaller than 10 x 10m amaldy the effect of very small green spaces in a resort that has

a lot of asphalt and concrete such as Centramalysis of the spatial distribution of the
vegetation type classes within the greater Paramaribo region shows that most of the trees are
locatedin the outskirts of the region. A total of 25.6% of the area is covered with trees out of
which only 1% is located within Paramaribo. The mix low vegetation and the grass class together
cover 49.25% of the region. A possible reason for this is the dewelupthat is going on in

these districts. It is clear that roads play a vital role when it comes to keeping vegetation,
specifically trees intact which can be clearly seen at the edges of the region where there are no

roads and where most of the treeslacated (figure 10).

Figure 10

Map $howing theClassification within theDistrict of Paramariborelative to theGreater ParamaribdRegion

Classified map of the Paramaribo district relative to the Greater
Paramaribo Region
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Table 8

Classification Aeas of Paramaribo relative to tHéreater ParamaribdRegion

Class Pixel count Area (ha) % Ha / 1000 inhabitants
Water 236800 2368 2.74 10

Built up 221385 2213.85 2.56

Trees 86110 861.1 1.00 4
Mangrove 65025 650.25 0.75

Mix low vegetation 390375 3903.75 452 16
Infrastructure 247928 2479.28 2.87 10

Grass 296247 2962.47 3.43 12

Bare soll 192896 1928.96 2.23 8

Total area classified relative to the  17367.66 2012

greater Paramaribo region

Table 9 shows the comparison of the classified areas between the greater Paramaribo region
and the district of ParamaribBased on this table alone it can be assumed that there is enough
green space available per person in this area however acguigaison of 2 ressortshows

us that the green space distribution within the resorts is not the same amithbses need to

be evaluated oa resorievel (figure 11)n a further study.

Table 9

Comparative table shang Paramariborelative to the Geater Paramaribo Region

Total classified map Paramaribo

Class Area% of Ha / 1000 Area% of total Ha /1000

total region inhabitants region inhabitants
Water 6.17 14 2.74 10
Built up 4.61 10 2.56 9
Trees 25.60 57 1.00 4
Mangrove 1.26 3 0.75 3
Mix low vegetation 28.40 63 4.52 16
I nfrastructure 5.45 12 2.87 10
Grass 20.85 46 3.43 12

Bare soil 7.66 17 2.23 8
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Total 100 20.12

Figure 11

TheContrast between 2 Ressorts within the Greater ParamaribcoReggarding the Green Space Distribution
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Figure 12

Map showing the @@tial Distribution of theVegetationClasses

Map showing the spatial distribution of the vegetation classes within the
greater Paramaribo region
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The road map was used toeate a Euclidean distance map using a buffer of @50 he
vegetation map wasverlaid on top othe Euclidean distance mahowingthat 35.29% of all
vegetation type classes lay within 250of the roads ut of which 4.78 % are tree30.28%is
covered by thgrass(15.26 %)and mix low vegetatioifl5.02 %)classes and 0.23 % account
for the mangrove class. Trees are very often remeoweeh they arelose to roads due to a
number of reasonncludinghouses, electricity poles or even to add underground pipelines which
can account for the small percentagdreés that lay within 250 m of the roadga&s is most
often planted on the side of the roads widohtributes to the 15.26 % (talle).

Table 10

Classification within thécuclidean Dstanceof 250 m from the éads

ha % area of the region
Water 577.42 0.67
Built up 3899.28 4.52
Trees 4125.03 4.78

Mangroves 19804 0.23




Mix low vegetation 12969.12 15.02
Infrastructure 3723 4.31
Grass 13173.26 15.26
Bare soil 5439.63 6.3

4.5 The historical changeanalysis

33

The classified vegetation map of 2019 was compared tbahduse landcovermap of

2000 (figurel3).Because of the difference in resolution of the 2000 map and the 2019 vegetation

map it is safeo say that not all changes atsible on the changmap.The total area change that
occurred between 2000 and 2019 i836.48hg60.0P%). A total area of 3464.05ha (39.93%)

did not show changes between 2000 and 2019.
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Figure 13
LanduselLand CoverMap 2000

Landuse Landcover Map 2000

Legend

Landuse Landcover map Hll Trees B Infrastructure
Il Water B Mangroves B Grass

I Built up B Mix low vegetation Il Bare soil

Note.The Land Usé.and Cover map was provided by SBB

The classes were sub divided into the vegetation- tgpd the nofvegetation type classes
(figureld). Atotal of 9.77 % of the area showed no change within thesegetation type classes

and 30.16 % of the vegetation classes remain the same as they were in 2000. There could still be
change within these areas, however the materials used for this adalysi$ allow for these

changes to be visible in this study.
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Figure 14

Map showingAreas wheréNo Changes haveccurredbetween 2000 and 2019

Map showing areas where no changes have occured
= between 2000 and 2019

Legend

Il No change within water,built up, infrastructure and bare soil (9.77%)
I No change within the vegetation classes trees, mangroves, mix low vegetation and grass (30.16%)

Total change within the vegetation classes waal®973ha (33.8%) (table 1. Figure B shows

the locations of the changes from one vegetation type class into anothérhenehanges
identified in this study should be viewed with caution because the two maps that were used to do
the change analysis were not created using the sati®dology or satellite images. They do

give a general idea when analyzing between thevegetation and the vegetation classes.
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Map $howingAreas thatChanged between 2000 and 2019 withinEliéerentVegetationClasses

changes

2019
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Table 11

Changes in Brcentages d¥egetationClasses thaChanged into othe¥egetationClasses

Class in 2000 Class in 2019 % change
Trees Mangroves 0.10
Trees Mixed Low Vegetation 3.15
Trees Grass 0.83
Mangroves Trees 0.04
Mangroves Mixed Low Vegetation 0.09
Mangroves Grass 0.03
Mixed Low Vegetation Trees 5.70
Mixed Low Vegetation Mangroves 0.16
Mixed Low Vegetation Grass 13.10
Grass Trees 6.43
Grass Mangroves 0.13
Grass Mixed Low Vegetation 4.08
Total change within the vegetation classes: 33.86

36
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Changes that occur from vegetation nonvegetationcan be summarized from the trees,
mangroves, mix low vegetation and grass classes to waterupuitifrastructure and bare soil
classesThe total change from vegetation into Agggetation classesas 3894.51ha (4.51%).
(table1d. When analyzing these changes it is clear that a lot of the changes occurred@longs
the road network (figure B). The road network hawmpt substantially expaded into new areas
where there is still forest between 2000 and 2019 which could explain the low percentage of

change from vegetation type classes to-megetation type classes.

Figure 16

Areas thatChangedbetween 2000 and 2019 from thdferentVegetationClasseso theNon-vegetatiorClasses

Map showing area
changes from the
vegetation classes
to the non
% - .| vegetation classes
A - | between 2000 and
s ¥ 2019

Legend
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[T Areas that changed from vegetation to water .
Areas that changed from vegetation to bare soil Roads

[ Areas that changed from vegetation to built up




Table 12

Classes that Ganged intdNon-vegetatiorClasses between 2000 and 2019

Class in 2000 Class in 2019 % change
Trees Water 0.15
Trees Built up 0.01
Trees Infrastructure 0.05
Trees Bare soil 0.23
Mangroves Water 0.02
Mangroves Built up 0.00
Mangroves Infrastructure 0.00
Mangroves Bare soll 0.00
Mixed Low Vegetation Water 0.30
Mixed Low Vegetation Built up 0.18
Mixed Low Vegetation Infrastructure 0.52
Mixed Low Vegetation Bare soil 2.42
Grass Water 0.06
Grass Built up 0.05
Grass Infrastructure 0.11
Grass Bare soil 0.39
Total change from the vegetation classes to thmwn- 451

vegetationclasses:

Changes fronmthe nonvegetation type classes to the vegetatigpe classes cover an area of

38

10441.83ha (12.10%) (figure 1Built up areaghat changeéhto vegetatioramount t07.61%

(table 13. One reason can be the economic instability that may have caused people who started
building a house, to stop the process due to insufficient funds to complete the project. Once these
type of buildings are neglected, grass takes over and grows intmwixelgetation. Changes

from the water type class into the reegetation type classes between 2000 and 2019 amount to
3.54 % of the change which should not be seen as an exact number because it is highly possible

that the waterways arew overgrown with gass and weeds which caused them to be classified

as vegetation.
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Figure 17

Areas thatChanged between 2000 and 2019 fromDifferentNon-vegetationClasses to th&egetationClasses
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Table 13

Changesn Percentages dilon-vegetatiorClasses thaChanged intovegetationClasses between 2000 and 2019

class in 2000 class in 2019 % change
Water Trees 0.63
Water Mangroves 0.23
Water Mix Low Vegetation 2.51
Water Grass 0.17
Built up Trees 0.20
Built up Mangroves 0.05
Built up Mix Low Vegetation 2.50
Built up Grass 4.69
Infrastructure Trees 0.01
Infrastructure Mangroves 0.00
Infrastructure Mix Low Vegetation 0.03
Infrastructure Grass 0.04
Bare Soil Trees 0.12
Bare Soil Mangroves 0.05
Bare Soil Mix Low Vegetation 0.51
Bare Soil Grass 0.37
Total change from thenon-vegetationclasses 12.10

to the vegetation classes:
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The Euclidean distance map covers 63 710.74 ha (73.79%) atduadles occurring within the
250 m distancare 40 385.8ha (47%) which is a big part tiie total area change of 60.07%
(figure 18). A total of only 4.78 % of the trees in the region are within a 250 m distance from a
road.Roads are a determining factor in the location of change wfieinegion.

Figure 18

Overview ofVegetationChanges on topf theEuclideanDistanceMap toRoads of 250n

Map showing area changes
on top of the euclidean distance map (250m)
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Conclusiorns and Recommendatios

The classified vegetation map for 2019 provides a baseline for the spatial distribution of
green spaces withithe greater Paramaribo region of whi¢h11% is classified as a vegetation
type and 23.89% as reonvegetationtype class Approximately10.41% can be found in the
district of Paramaribo. Which mesauthat44% of allnonvegetationtype classes are located in
Paramaribo which consists of only 20.11% of the greater Paramaribo rBg®is an indication
that the distribution of green spaces within the greater Paramaribo region is uneven and that the
capital where the populatiatersity is also higher per square meter needs a policy that allows
green spaces to be maintained and created instead of removed.

The study also showed thda7% of all changes occurred within 280 of the roads which
indicates that the roads should be momitlbon a regular basis in order to identify changes more
quickly. Themethod used to create the vegetation map le a valuable tool to monitor urban
green spaces the future considerintipey arevery cost effective. The resolution of &0is high

enoudp to see the changes even within the smaller ard@admaribo. Thenap that was
produced can be used in combination with development maps in order to monitor and regulate

the locations of green spaces.

This study can now also be used as a basis foyismithe impact that green spaces have on the
environment, the people and the different ecosystems in and arougdetiier Paramaribo
region. It is highly recommended to add this to automatic workflow and create a yearly
vegetation map in order to do further and regular monitofihg.resulting percentages on trees
from the NDVI map (31%) and the classified vegetation map (25.6%) gives a quick overview on
where the trees are and doet require going through the long process of creating training data
and ground truthing data. Even though the NDVI map is less accurate, the frequency at which
these maps can be created can help the government to monitor the tree type vegetation much
better and if there is an indication of deforestation in an area, the SVM classifier can be used to
create a more accurate mapnew technology such @sone mappingr field observations can

be used to evaluate the situation better

The resulting vegetatn map from this study can nalsobe used to study the effects and impact
urban green spaces have on their environmiéns important that theMinistry of Spatial
Planning adis the monitoring and development of green spaces to their list of dutietemto

create a more balanced environment for people to live in. The map clearly shows an incoherence
between green spaces and the center of Param&nito@ the government has no funds it would

be the perfect open source method to monitor these spaténlkatheir policies tahese maps.
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Annex 1 Software
SNAP

SNAP (Sentinel ApplicatiofPlatform) is the common architecture for all Sentinel
Toolboxes. Senting? data for Suriname is currently only available as Level1C product, which
has TopOf-Atmosphere (TOA) reflectance. To perform an additional atmosphédeirain and
cirrus correabn of these TOAmages towards Bottor®@f-Atmosphere images (Level 2A
products), the Sen2Cor tool available in SNAP is used. This processor also generates additional
Aerosol Optical ThicknessWater Vapor, Scene Classification Maps and Quality indicafors
cloud and snow probabilities. As output the format is equivalent to the input: JPEG 2000 images
with bands of three differemésolutions (60, 20 and 10 n¥/ithin SNAP the generated images
of resolution 20m are also resampled to a resolution of fddriater operations. SNAP contains
also a library of tools for the measurement of vegetation indices, specially adapted to the

Sentinel2 images.

QGIS

QGIS is an open source Geographical Information System (GIS) application to view,
edit and analyse gepatial data, supporting both raster and vector layers. QGIS offers the
integration of other opesources GIS packages such as PostGIS, GDAL, GRASS GIS, Orfeo
Toolbox, SAGA GIS and the integration of a python geocode ARb versions of Qgis are
available:QGIS 3.4 (latest and most rich on features) and QGIS 2.8 (Long term release, most
stable). Qgis 2.8 is used in the course of this project.
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Annex 2 Training data identifiers
Table 14

Compaison table of google imagergentinel2 and the NDVimap

Google Sentinel2 NDVI

Bare Soil/cropland

Stretched to image

Mix Low Veg
Stretched to local

area
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Mangrove

Grass

Different vegetation types overview




Different vegetation typesoverview




Annex 3 Overview of classification data within 250 m

Table 15

Pixel count per meter of classification within 250 m
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Meter Water Built up Trees Mangrove Mixlowveg Infrastructure Grass Bare soil
10 1564 78302 4391 633 52155 112486 114833 110606
20 1593 60510 5620 592 43362 51163 84821 51829
30 1136 29345 5560 445 33217 26563 55219 30348

625 26237 1606 216 16628 24806 36514 23640
651 24169 2577 233 17727 19800 34710 19066
510 18666 2753 213 15932 15852 29802 15758
453 10818 2402 222 13304 10094 21998 11153
601 10871 3528 279 17762 10498 27040 12370
40 1130 14088 6381 519 33054 14624 48984 20866
510 5583 2751 231 13258 5644 18860 7476
526 4647 2915 227 13170 4539 18056 6709
251 1858 1335 81 5483 1885 6965 2618
50 1644 11340 9872 732 44736 11947 57839 19895
371 1638 1826 185 8445 1753 10963 3308
543 3146 3165 235 12974 2987 16256 5094
360 1081 1616 78 5025 1048 5498 1850
569 2634 3247 244 12959 2568 15691 4700
60 815 4036 5995 437 27554 4712 31463 9583
373 1173 2008 176 8381 1227 9761 2644
557 2271 3409 222 12810 2073 14529 4112
478 930 1994 109 5729 874 5723 1741
581 1964 3468 224 12638 1962 14021 3843
70 822 2924 6435 466 27069 3483 28393 7972
802 1563 3809 261 12667 1663 13132 3481
354 900 2097 96 6279 924 5871 1688
368 841 2115 181 8126 902 8610 1986
575 1442 3569 227 12309 1510 12657 3217
509 660 2170 96 5448 631 4676 1363
80 830 2279 6807 404 26158 2710 25486 6754
723 1324 4246 272 13666 1417 13058 3305
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372 650 2166 169 7857 669 7789 1786
438 553 1771 58 4287 455 3674 1026
493 903 3149 203 10701 1028 10406 2441
234 253 1174 62 2775 259 2275 557
595 941 3682 200 11757 1084 11053 2552
90 711 1440 5906 355 21198 1734 19190 4769
297 333 1605 115 5196 420 4924 1127
884 991 4337 259 12373 1027 11031 2575
344 417 2039 87 5338 503 4425 1081
381 497 2253 190 7260 526 7055 1410
605 739 3722 227 11072 842 10148 2250
336 261 1259 61 2857 274 2184 569
100 981 1204 7342 431 22474 1631 19113 4578
315 266 1590 113 4765 327 4493 973
395 404 2257 176 6880 461 6450 1376
366 305 2020 83 4946 406 4034 959
397 370 2280 186 6726 466 6303 1298
539 377 2171 90 4461 389 3352 838
538 452 3153 201 9183 629 8219 1795
255 134 1184 47 2351 186 1675 449
110 749 812 6082 378 18839 1132 15558 3513
347 200 1584 93 4471 287 4067 825
807 575 4254 242 11186 734 9479 2045
375 229 1288 59 2590 240 1845 452
662 442 3431 240 8470 564 7357 1547
406 216 2070 68 4559 317 3546 789
423 324 2203 168 6305 343 5660 1088
120 799 680 6113 385 17823 966 14360 3162
905 510 3690 181 8344 575 6542 1405
361 216 2135 130 5250 284 4162 842
316 202 1558 102 4365 218 3782 742
278 106 1169 33 2057 143 1394 353
396 261 2199 181 6066 323 5355 1001
411 186 2127 68 4358 262 3194 712
412 266 2200 168 6038 280 5210 1004
387 182 1291 65 2381 198 1535 380
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287 105 1211 41 2020 126 1322 332
130 1235 807 8692 547 22778 1108 17681 3860
540 210 2381 108 5266 262 4096 838
324 171 1458 101 3989 184 3410 660
404 236 2187 171 5828 277 4933 927
429 165 2172 64 4119 236 2922 602
482 159 1569 80 2764 194 1731 441
690 312 3333 201 7684 384 6001 1204
436 164 2186 64 4051 200 2850 601
415 208 2180 164 5819 242 4698 872
140 681 428 5340 324 13882 642 10266 2331
261 110 1126 63 2928 121 2458 453
741 258 2700 177 5972 356 4465 915
301 87 1219 35 1829 95 1189 279
708 279 3673 205 8718 392 6631 1259
278 86 1155 37 1789 104 1097 240
413 181 2152 149 5610 220 4458 849
455 122 2209 53 3838 191 2636 525
959 301 3758 247 8015 389 5933 1173
150 967 445 6379 334 14883 622 10710 2327
263 91 1125 55 2766 123 2271 377
321 125 1424 115 3668 152 2934 510
401 114 2057 94 4190 173 2972 545
303 84 1328 50 2150 103 1387 297
303 115 1409 124 3609 145 2920 499
404 142 2144 170 5335 227 4208 765
485 111 1222 76 1934 135 1108 288
307 67 1176 45 1648 90 1035 245
322 75 1589 41 2845 99 1876 344
710 224 3303 214 6824 299 5125 945
160 654 311 5099 293 12549 483 9043 1837
262 69 1111 57 2613 99 2143 357
764 202 3592 158 6813 249 5007 888
262 73 1232 79 2648 103 1846 332
927 208 2930 200 5605 277 4046 759
170 288 68 1154 51 1475 96 919 222
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408 111 2102 173 5088 200 3936 679
318 64 1565 36 2750 101 1705 322
285 61 1120 39 1466 77 904 224
180 415 126 2152 159 5009 197 3915 640
0 328 1413 0 3274 0 2414 391
0 439 2160 0 3026 0 1893 395
0 749 2321 0 3746 0 2385 437
0 683 2270 0 4266 0 3329 0
0 349 1123 0 1346 0 900 0
0 422 2146 0 4818 0 3485 561
0 314 1578 0 2397 0 1551 301
0 285 1100 0 1306 0 783 162
0 445 2121 0 4738 0 3494 524
190 0 633 137 0 14029 0 284 7376
0 265 997 0 1974 0 1684 0
0 1043 2572 0 4311 0 3109 0
0 305 1106 0 1244 0 760 162
0 637 2846 0 5372 0 3684 631
0 259 1175 0 2282 0 1536 219
0 718 2431 0 4271 0 3328 0
0 436 2092 0 4627 0 3230 492
0 323 1515 0 2296 0 1425 255
0 286 1046 0 1194 0 716 149
0 533 933 0 1234 0 0 725
0 272 805 0 905 0 517 128
0 516 2117 0 4544 0 3578 0
200 0 662 100 0 12851 0 195 6416
0 637 2343 0 3801 0 2969 0
0 613 1988 0 3137 0 2384 0
0 379 0 1501 0 2703 1882
0 742 1938 0 3024 0 2098 333
0 300 0 738 0 786 530
0 329 1269 0 2732 0 1920 269
210 0 322 0 949 0 1033 685
0 341 1415 0 1897 0 1193 234
0 298 1197 0 2033 0 1308 0
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0 363 1302 0 2666 0 2109 0

0 325 0 920 0 994 668

0 528 2072 0 4083 0 2983 0

0 1025 2724 0 3372 0 2072 427

0 201 0 697 0 741 495

0 654 83 0 12299 0 166 5870

0 545 1579 0 2395 0 1859 0

0 654 83 0 12299 0 166 5870

0 545 1579 0 2395 0 1859 0

0 261 991 0 1907 0 1413 193
220 0 388 1454 0 2612 0 1710 0

0 558 1907 0 2823 0 1901 345

0 661 2601 0 4447 0 2895 465

0 602 2058 0 2837 0 1873 0

0 328 1250 0 2545 0 1779 248

0 503 779 0 912 0 623 0

0 281 665 0 691 0 426 92

0 860 2929 0 4779 0 3376 0

0 308 1113 0 1395 0 898 0

0 193 690 0 974 0 625 0
230 0 651 67 0 11798 0 148 5516

0 562 1766 0 2412 0 1822 0

0 626 2372 0 4274 0 2704 398

0 289 999 0 1750 0 1426 0

0 330 1352 0 1761 0 1031 206

0 315 840 0 845 0 583 0

0 919 2159 0 3405 0 2265 373

0 286 1101 0 1820 0 1025 170

0 273 615 0 631 0 381 90

0 359 1252 0 2354 0 1812 0

0 303 804 0 827 0 450 130

0 333 1290 0 1650 0 975 211

0 630 2325 0 4094 0 2619 394

0 299 812 0 789 0 453 113
240 0 650 60 0 11321 0 151 4957

0 240 852 0 1410 0 1176 0
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0 892 2140 0 3339 0 1977 351

0 518 1468 0 1974 0 1361 251

0 341 1224 0 1646 0 944 188

0 441 1499 0 2170 0 1498 259

0 263 571 0 611 0 330 91

0 377 1204 0 2228 0 1631 0

0 289 1091 0 1666 0 971 145

0 316 754 0 747 0 516

0 375 1220 0 2216 0 1674

0 362 1213 0 1608 0 1020 0

0 590 1858 0 2389 0 1347 275

0 378 1217 0 2205 0 1651 0

0 611 908 0 920 0 634 0

0 274 602 0 559 0 314 81

250 0 1400 98 0 16231 0 240 6827
Total 57742 389928 412503 19804 1296912 372300 1317326 543963
% of
0.67 4.52 4.78 0.23 15.02 4.31 15.26 6.3

region




Annex 4 Maps showing the classification per ressort

Figure 19

Map showing the Classification of Ressort Alkmaar
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Note The Boundaries of Ressort Alkmaaere adjusted to fit within the study area and lies in reality a little

further to the east.

Figure 20

Map showing the Classification of Ressort Beekhuizen
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Figure 21

Map showing the Classification Bfessort Blauwgrond
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Figure 22

Map showing the Classification of Ressort Centrum
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Figure 23

Map showing the Classification of Ressort De Nieuwe Grond
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Figure 24

Map showing th€lassification of Ressort Domburg
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Figure 25

Map showing the Classification of Ressort Flora
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Figure 26

Map showing the Classification of Ressort Houttuin
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