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Abstract

Reflecting expected Climate-heating (Potsdam ald6tC for 2050) and related
extensive heat-periods (“tropical nights”), thershafor adaptation is of interest. This
includes health-challenging conditions. For Potsdlaene are respective data available,
addressing potentials for spatial- and landscagenmg: detailed biotope mapping with
connected data on green-volume (GV), soil seaM(g)(and other parameters like soil-
types (for 1992, 1998, 2004 und 2010). Specific&lly indicating adaptation (cooling-
possibilities) and VG as ,,contra-indicator” (hest), have been analysed.

Reflecting other studies, those data have beerysethito verify their relevance, using
statistical, GIS- and geographical methods (egyessions-analyses OLR / GWR). The
target was to show relations between those dat@lVes to define indicators) and
temperatures. Further similar, other study-resu#tse to be verified and compared. To
do this Landsat-data were processed to gain sutémeperatures. Thus were to be
compared with the postulated indicators GV, VG mdl-use (biotope-types).

The relevance of the postulated indicators werenvshspecifically using 2010-data.
Similarities with other study-results could be fied. In addition, Potsdam-analytics
were showing local specifics and influences, whitked to be confirmed and

implemented.

VG and GVZ can be recommended to prepare for oliradaptation and identify
possibilities to do so. Results approve, that amthl GV buffers temperatures, and
rising VG most likely contributes to rising temptenes (method depending R2 from
0.65-0.85 and 0.9). Thus, they can contribute itnate-adaptation-measures. Using the
data, starting points for calculations are preskntdnich can be used caring about other
influences (specifically: land-use, location). ¢t advised, that presented calculation-
basics shall be specified and complemented. Reftethe results 1m3/m?2 additional
GV contributes to reduce temperatures for aboutd).3% additional VG leads to

0.03°C surface-temperature-rise.




Zusammenfassung
Vor dem Hintergrund anzunehmender Klimaerwarmungtdéam durchschnittlich

2,5°C bis 2050) und damit verbundener besondergepuggter Hitzereignisse und —
perioden (,Tropennéchste®) ist die Suche nach Mbgkiten der Anpassung
(,adaptation”) an diese auch die Gesundheit fodiennBedingungen von Interesse. Fur
Potsdam liegen Daten vor, die die Potenziale fiie @inpassung fur den Bereich der
Raum-, Stadt- wund Landschaftsplanung definieren nkdn detaillierte
Biotoptypenkartierung mit zugeordneten Daten zun@olumen, Versiegelungsgrad
und weiteren Parametern, wie Bodenarten (fur 199298, 2004 und 2010).
Insbesondere Grinvolumen als Indikator fur eine asgping (Kuhlungsmoglichkeit)
und Versiegelung, praktisch als ,KontraindikatoEnfrarmungsrisiko), wurden neben
weiteren Nutzungseinflissen untersucht.

Diese Daten wurden Ergebnissen anderer Studieerfdlgnit statistischen und GIS-
technischen, geographischen Methoden (u.A. Regresanalyse OLR / GWR) auf ihre
Wirksamkeit und Aussagekraft hin untersucht. Dasl Ziar es neben dem Aufzeigen
von Zusammenhangen zwischen Temperaturen und argmitern, die Ergebnisse
anderer Studien zu verifizieren und zu verglichdrerfir wurden aus Landsat-Daten
Oberflachentemperaturen ermittelt und den Param&seinvolumen, Versiegelung und
Nutzung (Biotoptypen) gegenuber gestellt.

Dabei konnte die Eignung der Indikatoren spezietlhand der 2010-er Daten
nachgewiesen werden. Bezlige zu anderen Studieml&éh bestatigen, auch wenn die
Potsdamer Analysen bezogen auf lokale Spezifika Witkungszusammenhénge
aufzeigten, dass entsprechende Daten und abgelRilhttwerte vor einer Ubertragung
auf die lokale Ebene zu verifizieren und zu erganzend. Versiegelung und
Grunvolumen sind als Indikator geeignet, um eingnghnpassung vorzubereiten und
Mdglichkeiten hierfir abzuschatzen. Die Ergebnisgsgen, dass zunehmendes
Grinvolumen Temperaturen puffert und dass zunehenéretsiegelung meist zur
Temperaturerh6hung beitragt (methodenabhéangig B%-@,85 / 0,9). Die Indikatoren
konnen Klimaanpassungsmoglichkeiten aufzeigen. Adhder Daten werden erste
Berechnungsgrundlagen geliefert, deren AnwendurtgruBericksichtigung weiterer
Parameter (insbesondere Nutzung, Lage) erfolgem.kd&ine Spezifizierung der
Berechnungsgrundlagen wird aber empfohlen. 1m3lmétzliches Grinvolumen fuhrt
nach den vorliegenden Analysen zu einer Reduktomm etwa 0,3°C, 1% zusatzliche

Versiegelung  fuhrt zu  0,03°C  Erhohung der  Oberiixtbmperatur.
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1. Introduction and Definition

1.1 Introduction

The IPCC is indicating an rise of temperatures \ahlinear trend of 0.74°C [0.56 to
0.92°C] for 100-year-timespan 1906-2005 compared.65C for 1901-2000 [0.4 to
0.8°C]. Analyzing the last 50 years they see alingarming trend from 1956 to 2005
of equivalent 1.3 °C [0.10 to 0.16°C] for a cent@iyCC 2007 _1, p30). Other sources
and recent predictions go further, e.g.: An inceea$ the annual mean temperature
across Europe between 2 and 5 °C, relative to tegept-day climate, in combination
with heat waves for the end of this century is mted by the EEA-report on adaptation
to climate change (EEA Report No 2/2012).

The PIK' is producing additional first results for Potsddsee annex for further
documentation of current research). Following aseméation ofMathias Ludeke &

Carsten Walthe(PIK) on climate-adaptation strategies for Potsdag05.2019 some

results for Potsdam were presented (Ludeke anché/alz014):

] B ﬂ”
Nk ' \ﬁv i \IA

Hochsttemperatur {°C)
__,_=-

* Nm*\i,fy \"N

I T T T TR T T T T TR T T T AT T T T IO T T TR T T T T T T T TR T i i oo
2011 2077 2023 2029 2035 2041 2047 2053 2058 20853 2071 2077 03 2089 2095
Jahr

Picture 2: expected temperatudevelopment for Potsdam (“Jahr”: vye:
“Hbchsttemperatur”: maximum temperature) - PIK (Lekee, Walther 2014)

1 Potsdam Institute for Climate Impact Research
2  Presentation: “Climate-trends for Potsdam: his&btrends and climate-predictions” start up vedwép climate-
influences and vulnerability — Potsdam Institute@imate research
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* Mean temperatures are expected to rise in aveilbge30 for about 2.5°C

» There will be more tropical — hot summer-nights athalys

» Extensive heat-periods will increase, will lastden and appear more often then
today

* Years-precipitations will only slightly decrease

* But their pattern will change to less in Summelryédy and more in Winter
(wetter)

« Extreme weather events will increase

The question beside activities to reduce climatnge is how to adapt environments to
the changing living conditions, specifically hot nsmer-days and -—nights (e.g.:
McCarthy et al., 2010, () Kiesel, Kristina et al012). Especially for city-
agglomerations it's a challenging question, onlgnescyuide-lines are established for
yet, specifically few for the local level. Some sansplkeflecting the heat-stress-
problems are given for Manchester (200®Berlin (in preparation from 20%p
Nirnberg (Nirnberg Stadt, Umweltamt, 2012), Dres@81%). The ExWoSt-project is
presenting and collecting samples (Greiving Stefal., 2011). Vegetation is seen as
one measure to support healthier living-environmdniffering temperature-heights.
Vegetation is often easy to implement — so to sdgwathreshold action to support
equalizing of temperatures and guarantee “balafieedj-conditions”. It's stabilizing
living-conditions. If soil-sealing on the contraig/ rising, as very often happens when
agglomerations are growing, the risk increases traen is reduced and living-
conditions are deteriorated.

As result of the Manchester - studies a reductidh2°C (1961-1990) to 2.5 °C (by the
2080d") is proposed if 10% green-volume is added. If i8%ubtracted an increase of 7-
8.2°C (by the 2080) is proposed (Gill et. al 2007).

For Potsdam (Germany) there are existing detailath dlocumenting quality and
guantity of vegetation and other characteristictantl-use. Potsdam is covering about
140,000m? with almost 160,000 people living thereising number.

In regard of defining effects of vegetation - “grée on temperatures a valid and
accepted indicator is green-volume or greenvolu@®@mann 1984, Whitford 2001,

3 Some collected inks on activitiekttp://www.stadtklimalotse.net/englisahd Greiving Stefan et al., 2011()

4 Towards a Green Infrastructure Framework fora@reManchester 1547.058 Final Report Septemb& 200

5 DFG Research Unit 1736 "UcaHS": Urban climate ldedt Stress in mid-latitude cities in view of dita
changehttp://www.ucahs.org/index.php?page=over&lan=en

6 (REGKLAM-Partner, Dresden, 2013)
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Kenneweg 2002, Arlt 2003, Gill et al 2007), evenewldata on green-volume are not
widely access able, due to limited basic data-akdity: DSM’ including vegetation
(Meinel, Hecht, Socher 2006; Hecht, Meinel, Buctimoer 2008).

Instead of green-volume (greenvolume) in some ditee it's often spoken of
greenspade(Whitford et al 2001), green-infrastructure andegr-cover(Gill et al 2007)

and even green-canopy (beside urban canopy) agRedenzweig et al., 2009). From
the analytical point of view green-volume is a taichl therm, indicating the space
filled with green per ground-unit (GroBmann 1984nkKeweg 2002, Arlt 2003), when
green-space and green-infrastructure is often aduhige the more architectural and

emotional part of green as well — this work woptcentrate on.

Potsdam in contrast to the general situation oftéich availability of data deducing
green volume is an exception. It is offering greetume data even of different years
(1992, 2004, 2010) in good quality — meaning refvand good resolution. For the
moment being, good resolution shall be defined a&l\wn regard of biotopes. Those
biotope-, or in other words land-use-data are dedid as polygon-data reflecting real
land-use-borders for which the green-volume wasentered as additional information
beside biotope-value and surface-sealing. To adoverification of the green-volume-
data surface-sealing data was used as additiotabdae related to the green-volume-
information in a way that the existence of onedaet either green volume or surface-

sealing — is limiting the respective other factor.

For Potsdam there are existing about 18275 biotdaerd-use-units) as pattern of about
5 m?, as smallest indicated area, up to about nhame 2 km? (lake-polygon), as largest
part — founding on CIR-SAT data with a maximum teson of about 0.5 m? (scale:
1:500 — 1:1,000=> see table annex and chapter 2 for further inégion).

Temperature is then the reference-parameter todlgssed.

The temperature to be related and be availableldhHmithe surface-temperature. It's
beeing observed by many satellites as an mosaeriogvall area in more or less high

resolution (see chapter 2). Surface-temperatueesarsidered an appropriate indicator

7 DSM: Digital Surface Model to be substracted fioEM: Digital Elevation Model
8 As itis called in the ASCCUE-research 2007
9 Initially starting point for mapping for envirorental data was a resolution of 1:10,000




for energy-exchange in urban areas (Wittford @08I1, Gill et al 2007).

The scale of the back-ground data (biotopes, gvekmme and surface-sealing) is
initially the “mid-scale-range” of regional — localanning level (1:10.000) originating
in service information for spatial- and landscapseiping. The mid-scale-data-
background in Potsdam is exact in regard of larelargl vegetation-units up to at least
1:500. This meant to compare as high resolutionp&ature data as possible. Using
low-resolutiort® data from satellites used for studies on natianal continental level to
show climate-impacts and change of land-use woalihbufficient (=>EU / UN: Ms-
Molina, MODIS -Land-change, CLC: CORINE-landcovéEUROSTAT, etc.), to
understand local specifics and land-use-patterns.

Recent projects like geoland 2 (GMESyith 1ha resolution followed the same track,

as planned, documenting mid-scale data

Temperature-information was finally deduced from ndsat-sensdt (surface-
temperature).

This was done to overcome problems like relyingadew or a single data-point, which
needs to be used as starting point to calculatg dolvering temperatures for a whole
area. As long as temperatures are only measuredriain stations, data need to be
extrapolated. Due to many influences on an mod@&hatng temperatures there is a
high risk of miss-calculating areas and so theoviErsee special conditions (“reliability
is only given at the measurement-point”, DWD- Belsrand Gétschmann, 1993)

10 at least lower resolution

11 See e.g. http://www.d-gmes.de/sites/defauliiilekumente/geoland2-portfolio.pdf

12 Available from 2014

13 Originally it was planned to use the NASA-Slitet Sensor — MODIS as part of the EOS-Progranatiewving
a resolution of about 250m? — finally decides tanbedetailed enough ta address mid-scale-data
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Picture 3: key idea of the theses putting greeluime in the centre of t
research (GVZ for Green Volume Number, VG: for sl@rSoil Sealing

Using these data and especially green-volume-datd #he Landsat-surface-
temperatures it'll be tried to indicate differencigusing on climate-adaptation-
potentials addressing temperature-stress or sensifreactive) conditions and
temperature-constant, less reacting, less vulnemlironments through the following

indicators:

e green-volume,

» surface sealing,

* biotopes (land-use),

» relation of the used parameters ...

1.2 Definition in 5 steps

1

The aim was, reflecting recent studies undertakeklanchester (ASCCUE (Gill et
al., 2007), New York (Rosenzweig et al., 2008)d Berlin (2012F and Meier, Fred,
2011), to verify the potential of vegetation to jpd#o climate change and especially

rising temperatures. Influences of green to bufied in contrast soil-sealinp rise
temperatures shall be analysed.

It's expected, that volume of green is the coréatdr for land-ecosystems to show

14 Adaptation Strategies for Climate Change indhzan Environment undertaken in Greater Manchegiérh
covers an area of approximately 1300 km?2

15 DFG Research Unit 1736 "UcaHS": Urban climate ldeat Stress in mid-latitude cities in view ofwdite
changehttp://www.ucahs.org/index.php?page=over&lan=en




readiness to adapt environments to heat-stressdserithe more green the more
adaption)

It's expected, that soil-sealing is the core-intdicdor land-ecosystems to show risk to
adapt environments to heat-stress-periods (the smtesealing the higher the risk of
extensive heat-influences)

The sample of Potsdam shall reflect both effects support further understanding of
interactions.

2.

An other point was to present valid data to havedgeeasons to influence settlement-

development for the future especially in Potsdam - and reduce negative atspiue to

climate change:

... the exposure and vulnerability of human and ratsystems to climate change
impacts is rising with an overall decrease in thanber of cold days and nights (IPCC
2012).

If the change of green-patterns could influencensuegative impacts - if it could be
shown again - it would be a good argument to imieeethe spatial planning at least in
Potsdam, to be more climate-change-adapted . Gx@ame and soil-sealing could be
established as accepted indicators for climatetadameasures of local planning. They
could guide the definition of healthier — temperatbuffered environments. Those
aspects are regarded as crucial for future planifirenk, Thomas et al., 2008(),
(Frommer, Birte and Schlipf, Sonja, 2008).

3
If possible, the aim was then, to show differef¢@t of green volume and soil sealing

regarding local conditions represented with biogypgecal very specific land-use units
(about 1,500 varieties). Green-volume- and soilisgalata are available for each
biotope-unit. Those biotopes could assist findidgigonal influences, specific for a
kind of land-use or spatial pattern, which influesdemperatures as well. The findings
shall assist using soil-sealing and green-volundécations regarding different
environments, when those indications are othersiisdar.

So Potsdam biotope-data-variety should be kept,find indications for other
temperature-influences as part of land-use-spsecifiather then summarizing their
patterns directly.

4.
Some authors (e.g. Ripl and Ripl et.al. 1996, 20@&mann 2002, 2013, Pokorny

2007) are committed to get the key-influence ofewdor the environment recognized

and to opt for landuse-changes to have short-dir@dad “closed”) water cycles. In the
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same moment they were showing the general coofilegteof presence of water as well
and defining it as essential for climate-adaptatidhe effect could influence the
focused correlation of green-volume, soil-sealingd asurface-temperatures. Going
through the available data it seemed possible tiegosize and define those influences.
This step was meant to support the understandingnefronmental influences on
temperatures detectable with the given data - heoinfluences could be detected -
statistically significant (wetness and dryness).

The following mind-map is showing correlations whieere in mind defining the later
explained indicators 3-6. The mind-map distingusshetween free and bound water.
The effect of free-water to buffer surface heat sgisas given, when on the other hand
it was tried to define the influence of higher ower water-contents of biotopes, soll
and vegetation as such - on top of the green-volanaesoil-sealing influences (11-12).
After this research-widening step data and analyaegkt-indicators (green-volume and
soil-sealing) should be presented.

5:

Summaries of biotope-types, addicted green-voluntk soil-sealing values should be
produced to find additions to other studies. Degplirith about 1500 biotope-types was
different compared to research e.g. done in Newk Y&tosenzweig et al., 2009),
Manchester with the UMT§ (Gill et. al 2007), more like in Dresden with the

e e —

e

[‘] TARGET indicater

f e {landuse
\ specifically wet biotopes dry- and wetness

hY specifically dry bictops
5

INFLUENCING indicator 2] I
clay

J5a )

counter-TARGET indizator B
= walebody: PERPHERY. 4
4 By ndicatos INFLUENCING-indicator
lakes |
___/_/’l rivers |

___plopenater (Tee water) oS —— m‘

{springs |

Picture 4: mind-map trying to show linkages betwedéferent postulated indicators with water-
related cooling-effects.

16 urban morphology types (UMTs) (LUC, 1993)
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“FlachenMonitor®” and block-geometries (Meinel, Hecht, Socher 208&yger and
more complex landuse-units are difficult to be careg with other regions, national
standards and research, as long as they don't thieane It was assumed that basic land-
use units, as the biotopes could be matched battbicompared with other researches,
allowing different summaries of base-data. Stl§ important to mention, that even
biotopes in regard to be compared with other rebedata, producing problems, due to
the lack of comparable standards. But the codetsire is allowing simple summaries,
which were planned to be used to compare resultstive Manchester-study outcomes.
As outcome it's expected that, as e.g. found indlaater (Withford et al 2001, Gill et
al 2006%), Dresden 2008, Berlin 201%° New York 2008} the amount of green
volume and soil-sealing is influencing the tempemat more specifically the local
temperatures of environments. The same countddactional units” of land-use.

As mentioned under &nd 4 the goal was finding additional impacts a#l,vgpecific
for a kind of land-use or spatial pattern, whicfeetf temperatures. This could lead to a
better understanding of how far the first indicagreen-volume and the second

indicator soil-sealing are explaining temperatuaeieties.

1.3 Key points
Since the development of temperatures is a quiteptex issue many influences on
temperatures won't be covered and discussed here.

. Not tackled here is e.g. the influence of relieE{@®/ DSM) on temperature especially
regarding cold-air-lakes, or exposition regardimigtrating and buffering of solar-
energ)?z, etc..

. In the same direction, not covered here were st and housing-density: specifically
not the space between buildings, resulting shadeassible cooling-effects, as well as
construction materiafd

. Missing too are temporary land-use-influences, ikkevesting-time when e.g. grassland
is, or is about to be cut. In regard of water-cohb®wunded in the green — water bringing
cooling - there is little information capable, le@aglto indicate reduced influences
buffering temperatures: If e.g. grass tends tdrigeor is already harvested, it will still be
mapped with high green-volume. High green-volumsuisposed with “living green” and
bound water (wetness) resulting in cooling. Ifdfeed the volume information is not
adequate to indicate cooling any more.

17 Space monitoring: ATKIS / ALKIS — based => loiok IOR Dresdenhitp //www.ioer.de/1/ioer-overview(.
Meinel

18 Compare as well the projects ASCCUE 2006, PLLIRB7

19 (REGKLAM-Partner, Dresden, 2013)

20 Meier 2011(GEO-NET Umweltconsulting GmbH, 2011

21 (Rosenzweig et al., 2009)

22 Millward 2014 : Vegetation Placement for SumiBeilt Surface Temperature Moderation in an Urban
Microclimate

23 having in mind: historical desert-settlemeiits &.g. Kasbahs - Morocco

18




Those additional influences were regarded as toptamand process-demanding to be
included in the master-theses. The available natsrallowing only limited indication
for such influences. Still they would be of funtheterest to be investigated (e.g. DEM
and DSM available for Potsdam addressing relief smil-sealing-information
differenced between construction and others availab

Starting the research the focus was on green-volamgesoil sealing (in total). Green
volume shall be as dense as looking at other desnisnalcceptable to allow maximum
cooling-influence and adaptation to heat-stresge. ABCCUE — studies could be read
like this.

Going through different publications tackling trssue, an other view was given, e.g.
from ministry of traffic, building and urban devplment (Germany) published in a
study on climate-fair - urban planning (Kuttler B)1that on lawns and grassland there
shall be only a few “large-crown” trees growing (10 woods / forests on free-lands).
Reason was that the long-wave heat radiation siwtllbbe hindered to emit at night
(accepting possibly higher heating during day-tifk@)ttler 2010). Grol3mann (2012) is
sensitizing in the same direction, presenting mate and climate-change-scenario for
Hamburg 2050. This will be a point for further sesland brief to be discussed at the

end again.

In the following chapters it was tried, using thetatbackground of Potsdam, to:

. verify indicators influence on surface-temperatures

. Green-volume

. soil-sealing both explained using biotopes (lardsecifics)
. present additional influencing indicators, addmegsi

. free and bound water




2. Sensors - data-background

2.1 Sensors Temperature-information

Reasons for used Sensors for temperature-data

The aim to use satellite-data was to get a fulecage of temperature-data to be related
to the green-volume-, soil-sealing, land-use (lpe&) and later possible other data as
part of the environmental monitoring of PotsdamatTmeant to search for Summer-
data where influence between temperature and atgetis most likely high on one
hand and close to the research-date of the picused for the land-use-classification
and related indicators on the other hand. So testye-information shall be gathered
for the same moment the mapped environment wasngeaed: the closer to the
mapping-time, the better.

Doing the research on available and free-availdala USGS .S. Geological Survey

offered reasonable sources to address the mid4swai@oring-information of Potsdam
as mentioned above. Several Sensors are offeringicsttemperature-information

suitable to be comparéd

First in regard to generate temperature-data th®MNcsensor was recommended and
focused. MODIS-data are offering an almost dailgtdry, coverage and reasonable
resolution. That seemed to be an advantage. The atinthe start was, to use
temperature-data of the very same day as the katgréen-volume and soil-sealing are
based on. These are CIR-Satellite- and aerial imyagedescribed beyond.

The MODIS-data in regard of resolution were noteoffy the expected target-
resolution of 100m2. MODIS-data carrying temperattnformation are of a minimum-
scale of 250m or less. The 100m2 were already gpommse in regard of the much
higher resolution of the green-volume, soil-sealargl land-use-data to be compared
with the temperature-data. Also 1992-data wereanatlable which were planned to be
compared with the 1992 land-use-based data of &wtsdarting the evaluation of data
for the following research. There were two optitm$ollow:

. Find a sensor with higher resolution and the diaathge of not being of the very
same day as the land-use-data.
This could produce misinterpretation due to chavfdand-use in regard of the
time-gap between temperature and land-use dategciaflp if the land-use-data
are of later dates. But it would offer a possibdtter linkage between land-use-

24 esa updated 2014: Missions on surface tempesatusee graphic in annex — source:
http://database.eochandbook.com/timeline/timelipxasieasurementCategorylD=14
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data and temperature-data in terms of similar vt®aol.
. Keep the temperature-sensor and get less acclatatendrelation to the land-use-

data.
This would lead to a loss of possible statisticgp@hdencies between temperature

and the land-use-classification due to generatisgcale / resolution), but offer
less miss-interpretation in regard of land-use-gear(data of same time).

The other sensor offered by the USGS was the iarde@f temperature almost
traditional Landsat-sensor. It offers a resolutidmbout 30x30m (resampf@dwhich is
very suitable to be compared with the mid-scaledatailable for Potsdam (reference-
scale 1:10,000). After some research via the USG&bdab Visualization Viewer
“glovis”* there where found matching images for 1992, 20@42010.

Mission Name 27 — oo
Launch Date EOL“ Date | Mission Status Mission Instruments
(short)
Landsat-5 01-Mar-84 31-Dec-12 active ™
Landsat-7 15-Apr-99 01-Jan-17 active ETM+
Terra 18-Dec-99 30-Sep-13 active ASTER, MODIS
Aqua 04-May-02 30-Sep-13 active AIRS, AMSU-A, MODIS

Table 1: sensors observed to be used to gain sutéanperature-informatich (st)

The above table is showing the available sensdrs. andsat-5 and -7 images were
fitting looking at quality, cloud-cover and with nyelittle disadvantage regarding time.
As result option 1 was followed. Via Radiance be#nsors were delivering surface-

temperature-information.

Landsat Sensor-data for temperature
For the data-search was used

1. Global Visualization Viewer “glovis”lfttp://glovis.usgs.goYy/and the
2. earthexplorerr(ttp://earthexplorer.usqs.qo)/?0
3. direct order for missing images of 1992

25 USGS set the pixel size for all thermal data0emeters as of February 25, 2010:
http://landsat.gsfc.nasa.gov/?p=1348riginal TM Band 6 was acquired at 120-metsofetion, ETM+ Band 6
is acquired at 60-meter resolutibtip://landsat.usgs.gov/band_designations_landatalites.php

26 http://glovis.usgs.govAst called 15.06.2013

27 EOL: end-of-life

28 esa 2013: Missions on surface temperatures grapghic in annex

29 The search was simplified by the very helpfuduloentation and tools of the USGS (U.S. Geolodicabey.
Seehttp://www.usgs.goviast checked 15.06.2014

30 Introduction see: USGS 2012 Earth Explorer delpumentation or Northwest Pacific Region Envirental
Cooperation Center, pp 1-13, 2011
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For preprocessing and suitability-check the follogvidata were searched and
downloaded (GeoTIFF file formats — Bant})6

discovery-dates ID: product/path | Product /| Cloud Cover (CC) Pas$® GMT /
Irow/date/...>? Sensof® CCPotsdam (CCP§* | Potsdam
Quality (Qlty) 3° (GMT+2)%"

157" day — 1992: 8| LT41930241992157XXX02 |L4-5 TM CC:10% CCP:0% |09:09:38/11:09:38
June 1992 Qlty: 9

205" day — 1992: LT41930241992205XXX02 | L4-5TM CC:40% CCP: 2% |09:11:10/11:11:10
23" July 1992 Qlty: 9

227! day — 1992: 8| LT41930241992221XXX02 |L4-5 TM CC:20% CCP:2% |09:11:39/11:11:39
August 1992 Qlty: 9

222 day — 2004: 9| LE71930232004222ASN01 |ETM+ L1T CC: 1% CCP: 0% 09:51:21/11:51:21
August 2004 LE71930242004222 ASN01 Qlty: 9 09:51:45/11:51:4%

110" day — 2010:LE71930242010110ASNOO | ETM+ L1T |CC:44% CCP:5-10% 09:55:09 / 11:55:09
20" April 2010 Qlty: 9

190" day — 2010: 9| LE71930232010190ASNOO |ETM+ L1T CC:0% CCP:0% | 09:54:46 / 11:54:46
July 20168 LE71930242010190ASNEd Qlty: 9 09:55:10/ 11:55:10

222 day - 2010:LE71930242010222ASN00 ETM+ L1T CC:39% CCP: 209%09:55:09 / 11:55:09
10" August 2010 Qlty: 9

Table 2: downloaded Landsat-scenes

For 1992there were no data for the north of Potsdawilablé®, as could be ordered for

2004 and 2010. So due to availability-problems sameas couldn't be covered for all
years observed. Still the downloaded data wasldaifar further processing and to be
compared with the indicator-data of land-use, sedling and green-volume.

The images need further processing to be usedmgsetature-information. Processing
requires different steps in regard of research datkespecially sensors used (Landsat
4-5: TM; Landsat 7: ETM+).

31 2004 and 2010-data with two values: 1. B6_VCID= band 6L (low gain) (ETM+); 2. B6_VCID_2 = lzh6H
(high gain) (ETM+) as standard for Landsat-prodéictm 2000

32 code see annex chapter 2 for explanation

33 ETM+ L1T: Landsat 7: ETM: enhanced thematic peplus (ETM+),
L4-5 TM: Landsat 4 and 5 satellites carries boéhrttultispectral scanner (MSS) and the thematic V)
XXX = Data held by EROS, Receiving station unknown
ASN = Data held by EROS, Receiving station, ABpings, Australia
see also “dictionaryhttp ://earthexplorer.usgs.gov/resources/helpdarfiftidsat_dictionary.htn{last called
27.06.2013Nttps://Ita.cr.usgs.gov/landsat_dictionary.html

34 Cloud cover for Potsdam was estimated visually

35 Qlty: from -1 to 9: 9 meaning no errors — elerglquality — a perfect scene

36 Center of scene

37 CEDT: Central European Daylight Saving Tmé&&ST: Central European Summer Time or DST Daylight
Saving Time; CET: Central European Time = GMT+ 1h

38 Later First used dataset for detailed processtigs — see chapter 3

39 Band 6 processed via VCID: Virtual Channel kifen

40 Neither USGS nor ESA could make those dataabdall They wrote and turned down the request (202
beginning 2013)
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Picture 5: Sample scene and of “glovis™-search-t@dl.06.2013 showing Potsdam on the South-
edge

2.2 Sensors and data to address green-volume, soil-
sealing, biotopes

It seems important to explain the Potsdam datasektgvound to be able to rate the
quality of input-materials, which is better thare thverage of usually available data of
local governments or regional administration. Tlesotution of classifications and

deepness of analysis is remarkable.

2.2.1 Sensors and basic datasets fatid-use-data

For Potsdam there were data available from 1992acasvin 6-year-steps, which are
suitable and have been pre-proce8s@diR* towards land-use classification). They
could be used and compared with temperature-ddtasel remote-sensing-data, are

based on :

1. 1992 -CIR-images - digitised airborne-picturesplution: 0.25 m

2. 1998 - CIR-images - digitised airborne-pictures aiRt satellite data, resol.: 5.8 m
(both not used in the study due to the lack ofcioMlerage of Potsdam and reliability)

3. 2004 - QuickBird3 satellite data, resolution: 0.6 m, reference {lalvke surface sealing
data - digital terrain model (DTM),

41 Not part of this theses: processed for city-aubtration of Potsdam from consulting LUP: Luftbiinwelt
Planung: seéhttp ://www. lup-umwelt.de/en/kontakt/

42 CIR:Colour|nfraRed: widely used image to map vegetation and wtalitgreen-cover: false-colour-image

43 Images offered by sattelite-image cooperatid®) fittp ://www.satimagingcorp.com/satellite-sensams Digital
globe (EU):http//www.digitalglobe.com/about-us/content-calien#overviewand technical details
http://www.digitalglobe.com/sites/default/files/@kBird-DS-QB-PROD.pd# last 15.06.2014
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4. 2006 DEM/DSM*from HRSCP, resolution: 0.5 m (addressing specifically thefaxe-
model to be builff

5. 2010 — WorldView 2 satellite data, resolution: 0.5 m.

6. 2010 DEM/DSM? laser-scan-image 3pt/m2 airborne-based, resolot®m®*

The Sat-images were pre-processed in a way that tiael been already sensor-
corrected, calculated as radiance-value (V¥ sn®) but without atmospheric correction.
Then they were pass-point corrected. Due to ttie litlief-energy in Potsdam no hight-
correction was applied. The CIR-airborne imagesewsranned and using histogram-

correction mosicated (Tervooren, Frick 2010).

2.2.2 land-use-data /mdicators / generation of data

To gain soil-sealing and green-volume-data forghven years (1992, 2004, 2010) the
same process was used altogether: regression-trdelimg with CUBIST (Quinlan,
1993) and a hierarchical — decision-tree-modelllRggression-tree-modelling being a
tool of data-mining analysing complex and broadhdzintents. Instead of an more or
less simple linear regression-calculation, shovamgple correlations, the regression-
tree is able to identify corner-points and branalssg a many times interacting model.
An over-fitting can be avoided cutting back brarshend through generalizatin
(Tervooren, Frick 2010 citing: Kearns, Mansour 1998inlan 1993, Breimann 1984).

To support “first” results of environmental-monitoy information (surface-sealing,
biotope-value and green-volume) different-sectdad@ad been used. Core-data were
the biotope-mapping (land-use-classification) drel DEM/DSM.

To verify these information and possibly adjustuesl, cadastral data had been used
(ATKIS, ALK, city-map™Y). The verification was again supported with ottiata, which

were processed for local analysis (surface-se&imp: statistical datd).

44 digital elevation model DEM, digital surface ded: DSM

45 High Resolution Stereo Camera, of DLR — Gerniaaral aerospace agency:
http://www.dIr.de/dIr/en/desktopdefault.aspx/tabidf364/548 read-400/#/gallery/6@ast called 10.06.2014) it
was used air-borne as technical pre-check beferetbsion. One pre-check / test-area was Potsdam.

46 as result of difference between DEM/DSM

47 Images offered by sattelite-image cooperatid®) fittp ://www.satimagingcorp.com/satellite-sensams Digital
globe (EU):http://www.digitalglobe.com/about-us/content-calien#overviewand technical details:
http://www.digitalglobe.com/sites/default/files/D®/orldView2 DS PROD.pdf last 15.06.2014

48 DEM Digital ElevationM odel / DSMDigital SurfaceM odel

49 DEMDigital ElevationM odel / DSMDigital SurfaceM odel

50 compare e.g. Kearns, Mansour 1998 or Quini@3.18or a more detailed explanation see Breimah é084

51 German - standard cadastral data here from ‘ggsibBrandenbourg / ATKIS for topography and ALXLKIS)
for propertie-borders etc. - sédtp //www.geobasis-bb.de/GeoPortall/produkte/digahtm| only German —
English (limited information)http //www.adv-online.de/Homeind
http://www.geodatenzentrum.de/isoinfo/iso_rahmen.iiv?iso_menu=Produkt&iso_menul=DEBKG00MO00000
081&iso_spr_id=1&iso_spr_web=2

52 Cadaster of local energy providEnérgy andWaterPotsdam): holds detailed data of soil-sealing tooaot for
water-run-off of properties (settlement)
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The following picture is showing key-points of tpeocess of producing soil-sealing
and greenrolume-data.

The fitting of the model was assessed using 10fodds-validation and independent
test-areas. The correlation coefficient for sodisegreached 0.75 (for the 1998-model),
more than 0.86 (for 1992) up to 0.96 (for 2004) &P for settlement-areas / 0.89 for
landscape (for 2010), which was good or even veygdg The average-errors laid

Data and Methods

1. remote sensing ‘ ‘ 2. Sector-data
« digitalized analogous * Biotope-mapping
CIR-images (1992 / 1998) \ « ATKIS — Data
« Sat-images (1998 IRS,

2004 Quickbird, 2010 world view) * surface-sealing of EVWP

» statistical Data

NN

* high-resolution multispectral
HRSC-images (20086) » digital surface-model of

« Laser-scan-flight 2010 (DEM / DSM) federal cadastral administration (DSM25)

» further as ALK, city-map inkl. Information
on hight etc.

‘ Regression tree modelling ‘

l l

Soil-sealing®* green-volume*
1992 / (1998) / 2004 / 2010 1992 /2004 / 2010

* Reference: surfaces based on biotope- and land-use-data

Picture 6: Used data and method to gain soil-sepénd green-volume data

between 0.5-6 percent. To avoid mistakes due téerdiit model-reports for all
unchanged blocks the values of the best model wsad.

For green-voluméhere were reached 0.89 (for 1992), 0.9 (for 2@ 0.92 (for 2010)
with average mistakes between 1.3 and 1.9, asgaoyg. The 1998-results couldn't be

used due to unsatisfying results regarding gredmave (Tervooren, Frick 2010).

2.2.3 Land-use-data / indicators / generated data
The following enumerations shall give an impressarthe data-background used in
this theses. The Indicators were later used asblas and generated from above

explained sensors and other back-ground-data. Tthatsewere ready processed when

used for the researghalues for each polygon available).




« Indicator landuse-classificatio’® based on federal-states biotope-mapping
standards (CIRjand based on ATKIS-geometrigs method:

1. visual on-screen mapping => and ,
2. StdDeVv?® of original picture (Min, Max, Median)
3. textures channels 1-4 multi-spectral / textetennels 1-4 sharpened,
4. 20-class classification uncontrolled,
5. 6-class classification controlled
6. landuse-classes-validation
* Indicator surface sealing[%] - method:
1. automated stepwise classification of remoteisgrdata (different sources).
2. regression tree modelling, using classificatiesults and various reference
data sets.
3. validation.
* Indicator green-volume, density of vegetatiofm3/m2] — method:
1. automated classification of multi-spectral d&AT) to identify vegetation.
2. height of identified vegetation, derived subtiregDTM / DSM
3. calculation of green volume and 3D-referenceesl
4. regression tree modelling, remote sensing dataeference data.
5. validation.

The above summarized information are part of epatygon and mapped biotope-unit.
They're allowing statistical analysis. They didmé&ed further processing to be used
when the land-sat-data needed further processingetased and gain temperature-

information (see following chapters).

53 Not used here- but as standard-output availaidécator biotope value of biotopes / land-usegaties —
method:
1. half-automated 1:1 definition of biotope-values.
2. Delphi-method definition of value-classes adwp@German “Value-Standard” of (Kaule, 1991) => idl&ses.
3. cross-check validation as visual check on gialityiand interview-feed back of different envirmental

experts, adaptation of results. ACCESS-data-bankdimated validation

54 See annex: the there presented code (Alpha-@ie)egard of the mapped biotopes an 1:1 edprivaf the
CIR-code which is a pure number-code

55 German - standard cadastral data here from ‘ggsibBrandenbourg / ATKIS for topography - see:
http://www.geobasis-bb.de/GeoPortall/produkte/digghém| only German, English (limited information):
http://www.adv-online.de/Homeind
http://www.geodatenzentrum.de/isoinfo/iso_rahmen.iiv?iso_menu=Produkt&iso_menul=DEBKG00MO00000
081&iso_spr_id=1&iso_spr_web=2

56 StdDevStandard Deviation here spectral differences later usuallydusecontext of Residuals StdDev if not
otherwise indicated!
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3. Data processing

3.1. Data processing — preparation of source-data

The processing was done basically with Open-Citiaad Microsoft-offic8® software-
package, ARCGISF Regression-analysis was then done with IBM-SPSS-
STATISTICS Version 22 and initially open source PSPP-statistics (versio®.0-
g693ac9) — all on a microsoft xp system. Few thimgse cross-checked with Linux
OSGEO Live (version 6.6)

They could be done with many other GIS- and stetsiftware. The target ahead was
to prepare data for statistical and GlS-analysts, jdin the land-use-data with
temperature-information to be extracted from timelmt-scenes.

Landsat-images:
The following downloaded scenes were used for @sing (compare chapter 2: Table
downloaded landsat-sceneSEO-tif). The processing of the scenes was done to achieve

good and fully covering regression restfitsThey were prepared for analysis with the

following steps:

No.-set  processing 1. Convert 2. Extract 3. Set no 4. Zonal 5Join Zonal 6. initial 7. further

DN to temp. Raster for Data- statist. table statist. table regression regression
Date \ Potsdam value$?® - shp

1 5" June 1992 X X X X X Voted out

2 23" July 1992 X X X X X X

3 8" August 1992 X X X X

4 g" August 2004 X X X X X X

5 20" April 2010 X X X X X Voted out

6 9" July 2010 X X X X X X X

Table 3: processing-steps Landsat-scenes with igigield scene used for full analysis

1. processing step: Convert DN to temperatureRaster-processing)

For the given task of analysing the Landsat-tentpeganformation with the Potsdam-

57 Apache OpenOfficéhttp://www.openoffice.orgCopyright 2011, 2014 Apache Software version®.1.

58 Microsoft Windows XP Professional Version 560@ Service Pack 3 Build 2600 / Word Version11.0

59 ESRI ArcMap10.0 SP5, License Arcinfo Copyrigh1999-2010 ESRI

60 Local license for version 22.0 — GradPak |Bdgerations and other's Copyright © 1999-2013

61 http://live.osgeo.org September 2012 DVD-version

62 The 1992 — data were not covering the wholeat§dam. Still they were initially processed to hawe
indication, if results were basically similar angeccould expect similar results as processing #1®2
data finally used for all analysis. For result® shapter 4.

8 For all pixel / mosaic with missing or missleadiegy. effected by clouds) temperature-value
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environmental-monitoring data the digital numberfs tbe images needed to be

transferred to surface-temperature-information (rtiksly in 3 steps):

I. Convert digital numbers (DN) to spectral radiarnge (
L = LMIN + (LMAX-LMIN)*DN/255 ©
LMIN = DN of value 1
LMAX = DN of value 25%°

Il. convert L to temperature in Kelvin:
Te=Ko/In(K/L+1) 56 ¢7
K, = Calibration Constant 1
K, = Calibration Constant 2

Tg = Surface-Temperature

Landsat TM 88/ Landsat 5 Landsat ETM®®/ Landsat 7
K1: 607.76 666.09
K2: 1260.56 1282.71

lll. convert temperature from K to temperature in °C:
TB= TB -273

Out of the 2010 spectral bands an average of lov lagh gain-data70 was
build for the further processed scenes.

LE713302420
T10190ASNOD
_B6_¥CID_1.

L24101906Y1
_TF

K24101906V1
_TIF

T24101906Y
1_TIF

Picture 7: Steps converting initial landsat-image-
information to temperature-informatiomage (incl
Image name: LE...) *.tif-format

64 DN representing the pixel-value of the GEOTékvdloaded

65 USGS Frequently Asked Questions about the Lamdisaions 2013
http://landsat.usgs.gov/how_is_radiance calculptest- 28.06.2013

66 Logarithm for base “e” (meaning Eulers numRer182818284590452...), same as natural logarithmfi: , |

67 The Emissivity as used in some literature ¢y 0.95) wasn't used to further correct datae Buthat the aim

wasn't to get highly correct temperature datat®get temperature-data which show differences datveach
value in relation to Potsdams environmental moimigpr

68 Chander and Markham 2003, Table IV, page 2677
69 NASA 2013 — Landsat 7 handbook (pdf-downloadhld 9.2 ETM+ Thermal Constants, page 101

70 2004 and 2010-data with two values: 1. B6_VCID= band 6L (low gain) (ETM+); 2. B6_VCID_2 = lzh6H
(high gain) (ETM+) as standard for Landsat-prodéictm 2000
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The gaps of the ETM+ - data were left as “no dataas"

4. processing step: Zonal statisticféature-raster-processing)
All the raster-data-information were calculated areling the land-use-units: every
feature with an own ID was reference to calculat meaft of “raster’-temperature-
data for the respective area. After this for allque ID's there was a temperature —
value (mean surface-temperature) available to bepaped with the other feature-
information: 1:1 ...

5. processing step: Rejoin tables for zonal statistwith the land-use feature dataset
To analyse statistical patterns or significances #mnalytical outcome-tables were
rejoined with the analysed datasets, to receivéutheature-data set-information.

All data (Landsat-scenes) of respective years meatl above underwent the process
up to this point (1992, 2004, 2010) to discovergiue first hand unexpectédand
expectablé values and as said above as preparation for pedsitther research was
done. The regression results of cloudy scen8g(6cessing step) e.g. were showing
expectedly weak correlations, due to miss-leadotdder temperatures under clouds)

and missing values.

3.2. Data processing — getting an overview
Visual overlay and discovery
To get a better understanding of the data-contamdsexpected relations (see chapter 1)
some simple overlays of the data-sets were done.main target was, to observe if
temperature-information and

1. landuse (grouped biotopes),

2. green-volume,

3. soil-sealing,
had an obvious relation with the temperature-datpatial pattern.
After 5" preprocessing-step there was an average-temperatformation (mean)
available for every single polygon and as such aithown ID. This was the key point
to analyse the data in regard of dependencies batgeeen-volume, soil-sealing and as

71 The ETM-provided gap-masks were not used —ata-@reas were identified without mask.

72 And all other statistical values provided wile Zonal Statistics as Table-tool from Arc-GIS10

73 like of the 1992-scenes when e.g. no datehtoNorth of Potsdam results in regression-resuitts lngher
significance to be explained with other reasoriserahen the landsat-scene-quality => here lanebyyses —
compare chapter 4!

74 like regression-results with little significanahen e.g. high cloud-cover results in a lot abaged no-data-
polygons and uncertain temperature-information.
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planned in this stage regarding biotope-types to doenpared with detected
temperatures. Then an initial regeressidhfcessing step: compare table 7 above), to
indicate strength and weakness of the available-skils, was done. As result
forthcoming analyses were only done with the mositable 2010-data (scene:
LE71930232010190ASN00"July 2010). Main reasons to use this scene were:

1. no disturbances (e.g. cloud-cover)

2. full coverage (compared e.g. to the 1992-data)

3. high-quality and reliability of indicator-data fahe analysis (green-

volume, soil-sealing)

4. best results after preprocessing and initial datdyais with regression

The core-processing started then @steép (compare table 7 above):
Two statistically regression-methods were usedhatlugh to detect dependencies and
find explanatory influences of green volume and sealing on temperatures:

« OLR(OLSY®*  (processed with ESRI-ARC GIS or IBM-SPSS-STATISS)C
followed by

« GWR™ (processed with ESRI-ARC GIS)

As the aim of the work is to show the positive effifeof green to buffer temperature or
the negative effects of soil sealing, wafehas been ofterexcluded from regression,
even when the effect of water to buffer temperatuseundisputed (see chapter 1). As
water bodies are not showing vegetation or constms (as soil sealing — the “counter-
target indicator”) the detection of temperaturddiehce and degrees of the effect of
those could be miss-leading addressing the eftdagseen-volume, when including the
water-bodies in the statistics. Green-volume baftemperatures as water does as well
(compare e.g.: Lang, Stefan et al., 2006, () Pokatan, 2010(), Clarc et al., 2010.).

The initial analysis was done with a somehow “aigffaanalysis using OLR. Spatial
influences were introduced only making use of Bi@structures influencing the OLR-
results. To finalize orientation on all-over-sphtistribution the standard-deviation-
values (StdDeX) were grouped and detected(ho filter, 2% StdDev between -1.5
and 1.5 and'$ StdDev between -1.0 and 1.0). This was meanintd, fndicate and

understand possible influences on the the explanatues in regard of temperature

75 OLS_Qdinary Least §uare, OLR @dinary Least square &gression

76 GWR_Geographically Véighted Fegression

77 biotope-type-classes of water: 01 and 02

78 StdDevStardard Deviation and as such usually used in context of RiedgdStdDev if not otherwise indicated!
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and if already obvious land-use-classes (e.gesettht, green-land or forests => results
see chapter 4). The results of statistical sigaifae of the processed data-filtering and
structuring leaded to extracting data indicatinguences of other factors. The biotope-
code and available soil-mapping-information waslusedetect those cases. It was tried
to identify indicators (variables) characteristar those cases: with higher standard-
deviation (OLR). They were included in the analysisdetect other, then the primary
focused factors (green-volume, soil-sealing). Foaas concentrated on dryness or
wetness of structures: as far as information waalable to indicate either further
heating- or further cooling-effects adding to thmolmg-effects of green-volume or
heating-effects of surface-sealing.

So after detecting the explanatory value of greelnmae (£ and soil-sealing (%) on
temperature — green-volume being the target-indicaif this thesis — further
influencing indicators were included into the as@y as long as OLR-processing was
done — mainly to have the chance to address fuitlierences of water rather then
excluding it like done with the “free” water bodies first hand. The general cooling-
effect of the presence of water in the environmeessential for climate-adaptation,
needed to be calculated. This was done with estmnaidicators. The available data
sugested the possiblity to categorize and defieentkvith own indicators / variables
(13-16 => see beyond and mind-map chapter 1). Tap &inctioned as a review of the
so far realized processing steps and to find amasgon to present other influences on
temperatures.

The main aim doing this, was'%o recognize the specific share of green-volume
affecting temperatures and®2o identify some possible further influences ahdirt
impact on temperatures and regression resultsdegpagreen-volume and soil-sealing.
The following indicators were used (OLR and GWR):

1. green-volume as introduced (m3/m?2)
2. surface-sealing as introduced (%)

and further indicators which were ranked on a scale representing thélireince in an
estimated way:
3. sail (organic and artificial influences - estimategight: from “-100” to
“+100")
4. or%anic soil [moor] (weight : included with weighg of indicators 3 and
5)
5. wetness or dryness of biotopes including artifioakultivation-influences
(estimated weight: from “-100” to “+100")
6. water-periphery (estimated weight: “0” down to “61p

79 only OLR-processirig
80 The 4" point is marked “italic”, because it was processsly limited.
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3.3. Data processing — details and data-specificaitis
Following the parameter-validations they are furthexplained. The common
characteristic of the here now introduced indicat®, 4 is that they areot
representing a specific time-period- as green-volume, surface-sealing and correlated
biotopes. Biotopes became recognized as indica’rrfow: in form of wetness and
dryness of biotopes. So Biotopes got"aahalytical-value beside the biotope code as
such. So far they had only functioned to arrangleedaof 11 and 12 to see spatial or
statistical patterns.

The estimated ranking defines: “-” - values bufigrtemperatures, “+"-values heating

influences. This was done on a scale minimum -ad@aximum 100.

Regarding 3.: soil (organic and artificial influences - estimated weight: from “-100”
to “+100")
There is a soil-mapping available for the commurtifyPotsdarft. As core-data it's

informing about 4 types, which got a ranking inajof their temperature-impacts:

main-type value-classes
1. organic -50

2. anthropogenic 50

3. mineral 0

4. (water) (-100)

Free water is the most cooling medium, but was aat fleft out calculating this
processing-step to hinder cross-reliance with othéicators, specifically “I15”. Most
organic soils, as long as they’re in natural caoditare buffering temperatures as
well®2. To get this recognized they got negative valuegtivated from first OLR-
processing (negative StdDev-residual-results). &ea® add a positive value for
anthropogenic soils was, that first regressionitesadicated positive StdDev-residual
results, meaning higher temperatures in reality sgoected. With organic soils, it was
the other way around. To document the idea fod#gn@sion of the selection and further
processing, the following picture is giving an iregsion (settlement-biotopes — here

traffic network excluded — with black frame):

81 (Knothe/Geldmacher/Jacobi, 2002() compare: (eahduptstadt Potsdam, 2012.)
82 meaning with a high water content and not degeaer(Arge, 2010)(Trepel, Michael, 2008)
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possible influence of athropogen soils on OLR-StdResid - expected Temp => "Indicator 3"
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Legend

StdResid

I < 25 std. Dev.

B > 25 std. Dev.

settlement

-2.5--1.5 Std. Dev.
-1.5--0.5 Std. Dev.
-0.5-0.5 Std. Dev.
0.5- 1.5 Std. Dev.
1.5-2.5 Std. Dev.

Picture 8: possible influences ahthropogenic soils on temperatures: settlemeutlygons witl

black frames

Regarding 4.: organic soil [moor] (weight : include with weighting of indicators 3

and 5

The available moor-information wasn't further ps®d but included with the indicator

before (organic) and with the following one (seetBpe-code 04). Otherwise it would

have resulted in a higher cross-reliance of indisal3-15 and redundant informatftn

Regarding 5.: wetness or dryness of biotopes includy artificial or cultivation-

influences (estimated weight: from “-100” to “+100"

The available biotope-code allows detailed linkibggween biotope-types and wetness

or dryness of them (negative values indicating ees$n positive once dryness):

Biotope-code Biotopes (groupes) Factor — Value
01/02 water-body -100
*E Rk fr * Fallen dry 50
0310 *** Vegetation-free / bare-soil 50
03 * 1 ** dry habitat 75
03 ** 3 * * wet habitat -25
04 Moor and Swamp -50
05 ** 1 **** Grass and shrubs-dry 25

8 The 4" point is still mentioned here, because there wata present, which allowed a separated proceskihg
factor which was done once. Once to see if the gptmaf including them in the indication of I3 arildovered the

influence (which succeeded — so it didn't needdaktosed on it's own).
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Biotope-code Biotopes (groupes) Factor — Value

05 ** 3 * ** % Grass and shrubs-wet -25

05 15/16 Intensive grass / pasffire 25

05 1***=* dry 30

05 2**** moistures 20

05 3***= wet 10

06101 *** heather-dr§® 25

07103 * Wet woods (willows$ -25

08 Wood and Forest

081 **** Car / fen-wood / meadows -25

08261 * Cleared woodland / reforestation - dry 50

08 26 3* Cleared woodland / reforestation - wet F25

0828 1* Pioneer-forest - dry 25

08 28 3* Pioneer-forest - wet -25

08 **6** Wet chracteristic -25

L/N/LN/NL **@**®7 Forest wet chracteristic -25

L7* Black alder -25
Table 4: estimated influence-ranking of biotopes temperatures (“-” - values buffering

temperatures, others heating influences

The biotopes offer a broader range of ranking tienother indicators, still beeing an
estimate. Water-bodies as most cooling elementareincluded with the highest score
of buffering heat (-100). They are not ranked ag pathe other indicators to hinder

cross-reliance.

Regarding 6.: water-periphery (estimated weight: “0 down to “-1007)

As can be seen on the image below (after firstesgjon-results), it seems that the
influence of open water on expected temperaturegafive influence) is declining with
decreasing distance from the water body (full bldicke to dotted black line and
beyond). Most water-bodies are framed with blankdifollowed of a small striped line
towards the land-side. Adding: the influence of somater bodies (e.g. pounds in
park$®), they're in fact disturbing the picture regardititge used data. They can be
expectedly linked to areas of low standard devia(BtdDe{°) of residuals after OLR /
OLS-processing. Those will stay unrecognised within this studythe same moment
influences of water-bodies may not be that stroegingy the overlapping of yellow

84 Industrial land-use types where ranked as velstivarm spots, due to the visual comparison faitig the OLR-
StdDev and due to the expectation that they shore mpen water-cycles with dryness on the soil-top.

85 Others e.g. wet (**3* *) not mapped in Potsdaasitory

86 Others e.g. dry (**1* *) not part of coding

87 'L": leaf-tree, 'N': conifer

88 which are not mapped but which are known

89 StdDevStandard Dewviation and as such usually used in context of RiedgdStdDev if not otherwise indicated!

90 OLR as in the image or OLS used for Ordinaryst&xquere-function: OLS r@inary Least $uare, OLR
Ordinary Least square &yression
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possible influence of open water bodies on OLR-StdResid - expected Temp => "Indicator 6"

T T 7 T[T

Legend

Buffer Waterbody
20m

40m

OLR

StdResid

- <-2.5 Std. Dev.
-2.5--1.5 Std. Dev.
-1.5--0.5 Std. Dev.
-0.5-0.5 Std. Dev.
0.5- 1.5 Std. Dev.
1.5-2.5 Std. Dev.

[ > 25 std. Dev.

Picture 9:possible influences of open water bodies on tenipessi of the surrounding indicat
with StdDev of residuals: buffer 20m and 40m

towards pinkish colours in the lower right partsioé picture where a small river — the

“Nuthe” (smaller river) is approaching the biggeravdl-waters (grey and white
colours). It seems that other influences addressiagemperatures are strorrgestill
the possible influence was further detected andgased.

The following influence-weights were defined:

distance value-classes
“O”"mM: water-bodies -100%?

0-20m: -90

20-40m: -45

>40m: 0

The distance of water-body-influences on buffetelgperature was estimated using the
landsat-temperature-data comparing it with thedn#bnes of certain distances around
the waters”>.

91 The less explaining value of small especiafigdir structures (beyond 30 m: land-SAT-resulutwen later
recognized and used.

92 Calculated only with indicator 5 (biotopes) anud as water-periphery-weight.

93 It was tried to use information from a profég¥iperature-drive from 1993 of the German weathsiicse (DWD,
Behrens and Gotschmann, 1993) to indicate watey-dhliences. But there was only a little hint liretdata to
give further orientation on measuring possibleviafices.
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Indicating statistical outliers (OLR)

The influence of above postulated indicators wheyeseen satisfying-explaining the
indicator-temperature-correlation (see results tdrag). So the dataset as such was
analysed regarding lesise residuals explaining dat¥. Outlier-detection was defined
that beyond +/- 1.5 the StdDev (respective +/-€l $idDev) deviation of the residuals
they were indicatingossiblemodel-miss-fits and outliers.

As introduction — more general steps - two datasetdudingall data with standard-
deviation smaller and as small as -1.5 and lowdramnhigh as 1.5, respectively -1 and
1 were processed. This step was done to indmadsible spatial patternsbeside and
in regard of mostly influenced land-use-patternsal®le of respective biotopes effected
was produced. This step assisted to get a betar on less explaining data for the
further processing.

The exclusion of datasets leading to an improvenoénegression-results indicated
structures and situations where other influenceghtrbe stronger then the examined
once. First then linear biotopeslike tracks, streets etc. which were almost ativeing
unusual high StdDev were excluded, together withfitst unique values of Biotope-
code®. The furtherindication of statistical outliers was done with a procedure
concentrating on land-use patterns (Biotope-codésdh showed higher StdD&yvas
follows:

1. homogeneous biotope-code with all cases StdDevriaeyé 1.5 (and incl. linear
biotopes)

2. homogeneous biotope-code with most cases StdDewnbey/- 1.5 and mean
beyond +/- 1.5

3. homogeneous biotope-code with mean beyond +/-dDe&t and range 4 (later
sorted out — not used / unsatisfying)

4. Biotope-group code 05 (grass-land and meadows)0@n¢hcres / farm-land) all
single cases (polygons) StdDev beyond +/- 1.5.

Geographically weighted regression (GWR) and indiding statistical outliers with
GWR

The influence of above postulated indicators whnarefully satisfying / explaining (see
results chapter 4). On the other hand the work witferent land-use-classes (here
biotopes) suggested already further influenceslamdiuse-specific influences (variable

/ indicator 5, etc.). The clustering of data wasiga for this too (see chapter 4). So the

94 or in other words data with higher or lower dimd-deviation (StdDe8tandard Dewviation and as such usually
used in context of residuals - if not otherwiseidated!)

95 See chapter 4: Linear structures (10-15m) fea influenced by neighbour-structures, especlalbking at the
land-SAT-data-resolution of about 30m/30m at itstbEhis counts for smaller structures in geneyal(an little
influence — filtering out polygons either30, 45 and 60 m? was detected).

96 StdDevStardard Devation and as such usually used in context of RiedgdStdDev if not otherwise indicated!
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dataset as such was analysed regarding less erglaiatd’ with a technique, allowing
the detection of specific spatial-related influesiageographically weighted regression -
“GWR”. GWR is increasingly used to address geogiagly motivated phenomena
(Yu, Danlin and Wei, Yehua Dennis, 2004() (MattheWsephen A. and Yang, Tse-
Chuan, 2012 () Bruna, Fernando a and Yu, Danlir2d4,3). It seemed that similar
conditions of the used independent variables caul#féetent response, provoking a
model-miss-fit of the OLR-technique. (Matthews, @ten A. and Yang, Tse-Chuan,
2012()p. 152, 2012) stating thaBSpatial nonstationarity exists when the same stisul
provokes a different response in different partshef study region. If nonstationarity
exists then there is a suggestion that differenc@sses are at work within the study
region” Addressing such OLR is showing limits indicatinigese relations. They
proceed, that Geographically Weighted Regression (GWR) is asdte#il technique
that allows variations in relationships between gyotors and outcome variable over
space to be measured within a single modeling freoni€’ (citing: Fotheringham,
Brunsdon, and Charlton 2002; National Centre foocenputation 2009).

Then summarizing the technique as follows (Matthe®t®phen A. and Yang, Tse-
Chuan, 2012() p. 153, 2012Briefly, GWR extends OLS linear regression modsis
accounting for spatial structure and estimates pasate model and local parameter
estimates for each geographic location in the dadaed on a ‘local subset of the data
using a differential weighting scheme. The GWR intatebe expressed s

k
Yi=pBo,,v,)+ Zﬁ/ (”ivvi)xlj +¢&;
J=1

where y is the value of the outcome variable at the coai location i wherév;, u; )
denotes the coordinates o, andpj represents the local estimated intercept andteffec
of variable j for location i, respectively“. Thelgen reformulate the “Tobler’-statemeht
(Tobler Waldo R., 1970, page 136) regarding GWRhé&Tocations near to i have a
stronger influence in the estimation of; (u, V) then locations farther from i.*
(Matthews and Yang p. 153, 2012).

The formula given here reflects the ESRI-ARC-GI®dI$SWR model, used for the
present analysis. GWR brought satisfying improvetsi¢m detect the relations between
temperatures, green-volume and soil-sealing (sapteh4).

97 or in other words data with higher or lower d&md-deviation (StdDev)
98 Adaptive with Akaike Information Criterion (AIC)
99 “everything is related to everything else, hedr things are more related then distant thirf@sbler 1970).
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During GWR-processing first StdDev of residuals drey -1.5 and 1.5 were, similar to
OLR-processing, excluded and then second StdDeesiduals beyond -1.0 and 1.0
excluded and further interpreted (same as with @kdtessing).

Summaries of processing-outcomes and comparison wibther studies

In general and first results were summarized raggrthnd-use structures (biotopes).
This was made possible by re-joining the regresssults with the processed data-sets
so that the regression-results (OLR and GWR) cbetter be compared with the input-
data in regard of the indicators or factors likeagr-volume and soil-sealing as well as
with the biotope-structures and certain coding. désgly regarding the OLR-
processing this lead to above explained outlieect&n which was transparent in the
way that possible explanations through certain-ase patterns were possible, too.

As such it was tried joining statistical methodshwossible reasons of ecosystem and
land-use influences. Reasons were not present twithimpacts of the independent
variables (green-volume and soil-sealing) on theeddent variable (temperature).

To allow statistical comparison especially in rebaf other studies (Manchester:
ASCCUE 2007,Gill 2007; Dresden: Meinel 2006, 20dl@éw York: Rosenzweig et al.,
2009) the data-sets were summarized alongsideidbeple-code (only OLR):

» reduction of the biotope-code block to 4 digits{ead of 8-11 — depending on
the Biotope-class) including mean of green-volumsil-sealing and
temperatures.

» reduction of the code block to 2 digits (the Biateglass) including mean of
green-volume, soil-sealing and temperatures.

The first reduction of the biotope-code was donadapt the in other studies used land-
use-classes with estimated and defined green-voandesoil-sealing.

This meant a reduction to a"™0f the cases from about 1500 cases of the oridiial
code to about 150 and then 12 cases (Biotope-sladeghe same moment this meant a
homogenization of independent and dependent vasatflthe statistical analysis being

summarized (mean).
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4. Findings and results

This chapter is giving an data-overview presentriegults and first findings. It's
chronologically presented following the processstgps (compare chapter 3).

Temperature-control

The transformation of radiance-values of the Latids#a to surface-temperatures was
cross-checked with the available German Meteorodd@ervice (DWE)-information
(here for the 8 July 2010). The station in Potsdam offered tentpezadata (air and air
directly at the soil-surface):

9" July 2010:
DWD%112:00 h Polygort®?11:55 h Landsat® 11:55 h (single mosaic 30x301)
DWD air-  |D WD AIl- {\rllean North®|  North { South®- South
temperature g X .
temperature | . emperature low high low high
soil-surface
37.3 319 29.0357 29.664 29.703  30.146 29.954

Table 5: comparision of temperature-informations; air above surface and surface

The calculated Landsat-temperatures seeming tocberate and close to the real
situation, measured from DWD. Keeping in mind, tBpéecifically the measured air-
temperature of the DWD above surface (a measuree Yar the full hour 12:08" is
very close to the calculated temperature via rasianf the landsat-scene (pass 11:55 h).
The air-temperature at soil-surface is somehow atiadi between air-temperature and
surface-temperature. The mean-temperature was utieef used temperature. The
landsat-values are grid-values of 30X30 m -resofutiThe mean-value is showing
some influence of cooler neighbor-structures.

The measure-ground is a lawn-structure with no stsdrounded by forest-areas (see
following picture 2% Nov. 2013, 12:28pm). There is a little north-fapislope
bordering the measuring field, which can be id@diflooking at the rime (or tiny
snow-spots) in the front of the picture (lookingrfr the South to the North). The
bordering bush-structures may be able to reducpeemtures of the environment a little
bit.

100DWD - GermarDeutschéNetteDienst 2013

101delivered data of DWD: 11:00 “Wintertime” — CEJentral European Time = GMT+ 1h

102 Of biotope-/ land-use-unit meaning the averdggid-values (30X30m) Landsat-scene

1032004 and 2010-data with two values: 1. B6_VQID= band 6L (low gain) (ETM+); 2. B6_VCID_2 =rzh6H
(high gain) (ETM+) as standard for Landsat-prodéictm 2000

104 Two Landsat-scenes: a northern and a soutbenesboth covering Potsdam and being calculated

105See 5

106See 5

107 See 2
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Picture 10: measure ground and station-equipmernsdm — Telegrafenberg 2Nov. 2013

The table beyond is giving an impression abouttdmperature-development of the
respective day (DWD). It's showing the gradienttednperatures of an typical hot
summer-day where the adaption of environments &p kar-temperatures low would
benefit a lot to support well-being of inhabitants.

DWD 9" July 2010:

OMTS2 oAl outace . OMTR2 AT Surtace
00:00:00 18.9 20 13:00:00 37.1 32.74
01:00:00 18.1 19 14:00:00 372 33.1
02:00:00 176 19 15:00:0( 38.¢ 329
03:00:00 171 18 16:00:00 36.¢ 33.3
04:00:00 159 18 17:00:00 36.3 33.4
05:00:0( 15.¢ 18.2 18:00:00 34.1 32.§
06:00:00 17.2 19 19:00:00 30.1 31.7
07:00:00 229 22 20:00:00 26.1 28.6
08:00:00 29.7 2 21:00:00 23.¢ 271
09:00:00 33.1 28 22:00:00 23.¢ 26
10:00:00 365 29 23:00:00 22.¢ 24 9
11:00:00 373 30 00:00:00 222 24 9
12:00:00 3 31.¢€ 01:00:00 2C 21.]

Table 6: temperature-development secular-statiotsdm
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4.1 Introduction - Visual overlay and discovery

To get a better understanding of the data-contamdsexpected relations (see chapter 1)
some simple overlays of the data-sets were done.nfain target was to observe if
temperature-information and green-volume, soilisgand landuse (grouped biotopes:
main 12 land-use clas$89 had an obvious relation or spatial pattern.

The following pictures are only meant to give apn@ssion of results

Findings 1.: temperature-information and landuse (gouped biotopes)
The temperature-information is shown in color, ldred-use-information in symbols.
The surface-temperature - land-use overlay is art$howing the following:

1. water is the most cooling factor — most-preventorgbuffering in regard of
reaction-time heating of surfaces (dark-blue colarpicture) => starting with
15°C leading to about 22°C

2. second are trees / forests (light-blue / turquase) marshes => abo22-24°C

3. followed third by grass- and shrub-vegetation I($ight-blue / turquoise) =>
about22-25°C

4. Then there are gardens and parks or mixed strisctuhéch form the switch
from blue to yellow-orange colors of Temperature23>28°C

5. and then are coming settlement araad agriculture (acres) with orange to red
colors =>27-36°C

So there can be observed differences even betweelarid-eco-systems of more than
14°C, the types less heated characterized by higggmtation-shares. Including water-
bodies, the span is covering more than 20°C (2332-26.2) for the same moment in

time.

Compared to the in regard of land-use-units furgwenmarized temperature-data, the
very low values of water-bodies (°C as pixel-valoai't be detected any more. The rest
of the temperature-spectrum is still visible, ewdter summarizing the pixel-values of
temperature to averages regarding land-use-unitstoffles as polygons). Main
explanation is the area-size of the water-bodigs tu 2 km? for the biggest lake-
polygon) resulting in a leveling of single valudselwith the about 14°C-lowest pixel-
value (=> compare annex — chapter 4: Data-specBintope-classes and regression-
processing with added values of biotope-class-s¢pdOLR and GWR-processing).

108 Class/Group 1:Flowing water-bodies; Class/@ra&tanding water-bodies; Class/Group 3:bare/ odwn
fields; Class/Group 4:marshland swamp; Class/GEgrassland and meadows (incl. Argiculture); Classip
6:Hay + shrubs; Class/Group 7:bushes and woodss@zoup 8:Forests; Class/Group 9:Acres — agri@jltu
Class/Group 10:parks and open spaces; Class/Glapetial biotopes; Class/Group 12:settlements
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o Surface-Temperature

Value "C
o Hizn 362451

L SESSERTET)

Picture 11: overlay of temperature-data with landug biotopeclasses (Potsdam Cenlerth,
with visible white stripes for “no data” areas: gf

Findings 2.: temperature-information and green-volune
The temperature-green-volume sample is showingefgwlume in the map-picture
beyond in green-stripes):

» the more green-volume the more cooling-effect

» true even in combination with soil-sealing
It seems green-volume makes a difference in regatdmperature of minimum about

12°C.

Findings 3.: temperature-information and soil-sealng
The temperature-soil-sealing case (soil-sealirthenmap-picture beyond in black-grey-
stripes):

* the more soil-sealing the more heating-effect

* but notnecessarily: not in combination with agrarian lamadrth on the
map-sample)
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Legend

Legend

- green-volume m*m*
B
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' z L . &g
temperature-data with gresiume and soil-sealinglasses (Potsda
Center-North, with visible white stripes for “notdd areas). The denser the stripes the highet
values (green for GVZ and black for VG)

To get a better picture detailed statistic is aelvis

Before doing this, Potsdams spatial distributiontted key indicators shall be shown
using in this case a sample of 2004-data, greeanws|(GVZ04) and soil sealing
(VGO04): The shape of Potsdam-territory is showrttenground (brown) and the West-

Picture 13: green-volume (GVZ) and ssdaling (VG) pattern fc
2004 (04)- ARCGIS-graphic-




East spreading on top in green. The North-Soutbagiimg in blue can be seen on the
right. Green-volume is almost equally distributeani North to South and rising from
West almost to the East, when soil sealing is shgwn increase from the West to the
East and from the North to the South. The tiny lowiehe GVZ04-graph in the middle
from the North to the South can be explained whih ¢ity-center of Potsdam. Looking
at the point-density of the GVZ-picture, divergiagrsus the graph, there is a variety,
but with tinier pattern. Main settlement-areas placed from the middle towards the
South-East.

4.2 Statistics

After step 4 of the preprocessifiythere is an average-temperature information (mean)
available for every single polygon with an own Hzluding green-volume, soil-sealing
values and biotope-codes. This is the key pointatalyze the data in regard of
dependencies between green-volume, soil-sealingaarpdanned at this stage regarding
biotope-types (land-use-patterns). They were asgisib detected and understand

unexpected temperatures.

As the aim of the work was to show the positive@f of green (green-volume: GVZ
or GV) to buffer temperature or the negative effewtsoil sealing (VG), water will be

often excluded (biotope-type-groups of water: Otl &2). Still the effect of water to

buffer temperatures is undisputed. As water bodiesnot showing relevant vegetation
or constructions (soil sealing), the detection ehperature-influencing patterns and
degrees of the effect of those could be spoilednwheluding the water-bodies in the
statistics. Free water disturbs the visibility dfieets of green-volume and soil-sealing

on temperatures.

The next question to observe was about spatidioaiof the processed data and data-

background, regarding landuse / biotopes, greennveland soil-sealing.

109 (see chapter 3 pages 21-22)
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Cluster-patterns

Legend

I ot significant
. -+

HL

LH
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Picture 14: Clustering of data (bordering communities: PM: Ri#m Mittelmark, HVL
Havelland)

The picture is showing different cluster-groups:

1. HH: High values clustered,
2. HL High values surrounded by Low values clustetkdn
3. LH: Low values surrounded by High values clusteaad
4. LL: Low values clustered
As long as they're significant: statistically sigrant (0.05 level). The local values of

polygons are detected “clustered” with “Local Mdgali (Getis 1992'9. The “Local
Moran's I"-tool was indicating for most of the datah more than 95% confidence:

» significance, z-score <-2, > 2 of Local Moran'sitlaas such clustering of values
* only 15918 data of 67756 are between -1 and 1 ambssignificantly clustered
* The model is not random (compare annex for mapoZese StdDev-values).

Many water-bodies and wet areas were indicatingatieg values. Surroundings of
bigger streets were often indicating little coefide (meaning they were detected with
no clustering). The land-use-patterns of Potsdanchustered (keeping the resolution
and test-area of Potsdam in mind). So the attacladdes of temperatures, green
volume-values and soil-sealing are influenced dodtered as well. The large forest-
plots (most LL), lakes and settlement-centers (Hii¢ each provoking specific

110corner-points compatetp://help.arcgis.com/de/arcgisdesktop/10.0/help




conditions depending on e.g. soil sealing, gredome and other factors, typical for
the land-use-types and classes.

In regard of further steps the “LL"-situation ofllai and family-home-settlements
(middle-East) at the southern border to Berlin éaltern parts) — possibly indicating
more green and bordering water, needs to be remechbidot to forget are the “LL"-
areas in regard of always included bigger watendsdlmost in their centre. This may
be indicating relief-influences as well (Northweshere addressing low-land
(depression). Spatial correlations were given — m@ason not to only work with OLR
but as well with GWR-models. The clustering is simgipatterns, that suggest effects if
a certain space is covered with similar structieen a more global influence in the
respective direction can be expected (HH and LlLmfr@akmz2-1.5km2 and bigger
onwards).

To finalize orientation on over-all-spatial diswibn the standard-deviation-values
(standard deviation: StdD&Y) of the residuals were grouped and regressioresalR?
for R2-adjusted) detected:

» allvalues (black) R2=0.42 (incl. other colsur
 StdDev-1.5-1.5 (grey) R2=0.58 (incl. lighahpw)
 StdDev-1.0-1.0 (light-yellow) R2=0.69

StdDev after first OLR - processing

Legend

smaller 1 bigger -1

smaller 1.5 bigger -1.5

- beyond +/- 1.5

Picture 15: standard-deviation — of the residualsategorised in 3 groups: 1. “little” (-1 4),
“medium” (-1.5 — 1.5) and bigger (smaller -1.5 ahijger 1.5)

111 StdDevsStandard Dewation and as such usually used in context of RedsdStdDev if not otherwise indicated!
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It can bee seen that:

» The higher deviation-values (larger patterns) amecentrated in the North-
West and an other smaller spot in the South-Easichware often green-
land and agriculture-areas — the very southerrsspdustry as well.

* Then there are smaller patterns in the centre waiehsettlement areas —
typically more diversified. It seems that the wdiedies are not disturbing
the picture.

* Then there can be indicated a lot of linear stmestuwvith higher StdDev
(including water-bodies like the smaller river “Met a side branch of the
Havel-catchment from the South-East towards théreer-orest-areas like
in the South-West and North-East are seeming nxplaratory, disturbed
only by some linear structures (here tracks).

The following explanations are possible, even whae to the lack of materidd an
uncertainty remains using green-volume data fdratsnoment of time (especially'1
point):

* In regard of agrarian land and the data-backgraundn be estimated that
green-volume-data are not as reliable as in otte&rsa due to e.g. harvest-
influences

* In settlement-areas a lot of artificial influenczan disturb the used green-
volume-estimates, e.g. watering, excessive cuitimat

* Linear structures (10-15m) are often influenced rimighbor-structures,
especially looking at the land-sat-data-resolutidrabout 30m/30m at its
best. This counts for smaller structures in gen@naly an little influence —
filtering out polygons eithex 30, 45 and 60 m? was detected and no
significant change of regression-results achieved).

» The forest-green-volume-data should reach bettarltss due to that they
are less estimated (as e.g. green-land). They assumed as outcome of
DEM/DSM*!2 - subtraction and less vulnerable about variatiohshort-
time artificial influences (e.g. harvest).

During the following statistical analysis, usindfeling ways to indicate phenomena,
those points need to be remembered and verified.

4.2 Key-points of the processing

To help to oversee the forthcoming results, keywalare shown to introduce the range
of processed data. The results looking on staistignificance of the processed data
(R2 — water-bodies excluded if not indicated otlvays):

112 e.g. high resolution -pictures of the very saime as the used Land-Sat-data of July 2010tertle.g. cutting
of grass or other harvest leading to the lossedrgvolume. The green-volume-indication was basedata of
the end of May 2010 — Landsat-temperature from df0July 2010 — see decision to use Landsat rétiesr
MODIS chapter 2.

113 digital elevation model DEM, digital surfacedel: DSM
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OLR-analysis |R? agjusted

15t 0.39-0.51 (results of all processed data from 199910)

2nd 0.075-0.756 (regarding separated processing tdfsclasses)

After including other possible valid indicators

3d 0.526: including moor

4 0.579: including moor, wetness of biotopes ancewgériphery (indicators 3, 5, 6)
After excluding linear biotopesignificant heights regarding outliers)

5 0.596

After further outlier-detectiom 3 steps

e 0.606 (water-bodies included)

ek 0.613 (water-bodies included)

gn 0.655 (water-bodies included)

gh 0.626 (water bodies excluded)

GWR-analysis (based only on green-volume and soil-sealing)

10" 0.71- 0.78 (total — full data-sets / 0.664 only GVZ)

11 0.78 — 0.79water excluded / 0.858 only GVZ)

12h 0.914(StdDev residuals beyond -1.5 and 1.5 excluded)

Then in regard of summarized data-sBistope-code and only variables G¥#Zand VG*®
13th 0.774 Biotope-Code (weights based on freqyency

14th 0.841 Biotope-Code reduced to 4 dii}:;iltg(weights based on frequency)
15th 0.886 Biotope-Code reduced to 2 dii}:;iltg(weights based on frequency)
16th Summaries regarding green-volume and sdliirgea

Table 7: overview of processing steps and results

In general the data were significaAdl P-values were smaller 0.00@if not mentioned

otherwise). Green-volume is negative correlatetmaoperatures, soil-sealing positive.

4.3 Detailed analysis and results

4.3.1 ORL-processing and spatial data-structure

To remind on the selection of the data-sets (ch&)té's important to recognize, that
the 1992-datasets are not covering the whole of mbsearch area (Potsdam-
administration). All data-sets in statistical redgrare significant. Processing the
datasets with IBM-SPSS the scatter-plot of the 20#8a in regard of different
regression-models didn't show highly significarftedences regarding linear, quadratic
or exponential models. When e.g. the quadratic tiancis addressing low green-

114 See annex chapter 4

115 Green-volume-number an equivalent for greaasnin m¥/m? - GVZ for German Grin Volumen Zahin#im?

116 and soil-sealing VG for German Versiegelungpoin

117 instead of 8-11 — depending on the Biotopgsclihis meant a reduction to a™1ff the cases from around 1500
cases of the original-full code to about 150 =>ehecluding mean of green-volume, soil-sealing and
temperatures

118 the Biotope-class: 12 cases => here includhegn of green-volume, soil-sealing and temperatures
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volume numbers (gvz10) slightly better than thedin the difference is not as obvious
in the high-volume-scale — especially taking owgdkers in mind®>. The data-sets
evaluated and presented at this stage are noleatexl of outbreakers! The details of
processing-steps are presented using the key-pgoiesented above (chap. 4.2).

1% 0.39-0.51 (results of all processed data from 19922010):
The table next page is showing the results in betaie table is summarizing first
regression-results before further detection of ienstland before concentrating the
regression-analysis on one representative dataidebest pre-processing results (July
2010).
It can be seen that there is a high correlatiowéen the core-indicators of the theses
(green volume (here as “GV”) and soil sealing (hese “VG”) and a significant
dependency of GV and VG explaining temperatures.
It's higher in the 2010 and 2004-datasets themén1992-datasets. A reason could be
the more trustful data-background of these indisttbAn additional explanation could
be the risen soil-sealing of Potsdam from 19920@42and 2010 in totat:

e 1.1992:9.2%, 2.2004:10.6%, 3.2010: 11.3%
... together with a change in land-use-patterns. Ft882 towards 2004 a lot of new
settlement-areas were built (“on green fields”) nreluding tree-plantings, which
spatially seen bringing the indicators (green vaurand soil sealing) together,
influencing each another immediate and explainamgeratures.
The April 2010-dataset indicates an expected rebdt as soon as a widespread cloud-
cover (44% and estimated 5-10% regarding Potsdaitotg) is disturbing the quality
of input-data (calculated temperature-values),rdseilts are unreliable, even when the

cloud-covered datasets are tried to be sortedefotdregression-processing.

Even when the July 1992-dataset was producing gesdlts, the dataset couldn't be
used further, because, as mentioned already, nttdidver the whole research-area. On
the other hand it made a spatial pattern visibkreband. It gave a first sign, that
regression-results in the city-center-area wergeb¢han in the remote parts of the
North of Potsdam.

119 this counted for later checks after the oatkee-elimination as well

120 Unpublished report for Potsdam city-admingiratfurther informationhttp ://www. lup-umwelt.de/en/kontakt/

121 Keeping in mind that about 10% are water-sedagithout any soil-sealing or green-volume: Resut fully
officially published study for Potsdam: Environmaininonitoring Potsdam, Dec. 2010 :semuw.lup-umwelt.de
/ some results (Germarijttp //vv.potsdam.de/vw/Umweltmonitoring_-_Flyern2814.pdf+ http//www. ioer-
monitor.de/fileadmin/Dokumente/Symposium_2010/TERREN-FRICK Umweltmonitoring-Potsdam.p#f
http://www. ioer.de/fileadmin/internet/IOER_ schrifiBuch_IOER_Schriften Band_52_Meinel.pdf
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|BgL/RSlF2)288 Correlations — regression
Landsat Unstandardised CoefficiéRts
Dataset total R2-adjusted Mean °C g\r/een-volume)
5™ June 1992 Constant** 0.387 1
vgt?® 0.471 -0.397
Qv -0.561 1
23" July 1992 Constant 0.507 1
vg 0.59¢ -0.394
Qv -0.59 1
9" August 2004  |Constant 0.465 1
vg 0.48¢ -0.429
Qv -0.64 1
20™ April 2010 Constant 0.114 1
vg 0.33] -0.469
Qv -0.203 1
o July 2016®®  |Constant 0.49 1
vg 0.50] -0.467
Qv -0.663 1

Table 8: Regression-results of processed data-getsdsat-image-scenes) => constant for -
surface-temperatures, vg for soil-sealing and gvgieen-volume - Significance of the checked
variables and correlation was always given: P<0.0@tvalue / Sig. 1-tailed / Sig. F-change all

calculated (IBM-SPSS / ARC_GIS ESRI): 0.000.

Here again: when green volume is showing a negateerelation towards
Temperatures, soil sealing is showing a positivee.onBoth effects are partly
compensating each another (=> further interpretatize 3 and 4" beyond)).
Regarding the OLR-models it was preliminary furtiverked with a linear model.

2" 0.075-0.756 (regarding separated processing of ipe-classe¥’)

The separate processing of biotope-classes waslhinimeant to detect land-use-
correlations (in a simple way) and to get a deepelerstanding of the data. Regarding
GWR-processing a detailed discussion will followeta(16" step ff — presented results).
Still the numbers for single GWR-processing arespnéed here, to see the different
influences in respect of spatial values and cdrogla recognized or let out of the

analytic:

122
OLR OrdinaryL east squarBegression / OLS ordinary least square

123 Pearson correlation

124Gy : green-volume and vg: soil sealing towamgsn-surface-temperature

125 VG/vg: soil sealing %, GV/gv: green-volume m#/

126is a processed data-set representing the nfilae BT M-data-bands: 2004 and 2010-data with teloes: 1.
B6_VCID_1 = band 6L (low gain) (ETM+); 2. B6_VCIR = band 6H (high gain) (ETM+) as standard for
Landsat-products from 2000

127 See annex chapter 4
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Kg’é?é?seﬂz"s"ﬁh Biotope-class OLR'* GWR'9
R2-adjuste( rank | R2-adjuste( rank
“All” % Jand total  0.49 0.779
bare soil / brown fields Group 3 0.215 5 0.403 4
marshland swamp Group 4 0{23 4 0.365 8
grassland and meadow®  |(Group 5 0.149 8 0.397 5,6
Hay + shrubs Group 6 0.355 2 0.355 9
bushes and woods Group 7 0.756 1 0.396 7
Forests Group 8 0.194 6 0.44(Q 3
Acres — agriculture Group 9 0.075 9 0.235 10
parks and open spaces Group 10 0.1927 0.471 2
special biotopes Group 11 0.038 10 0.397 5,6
settlements Group 12 0.3593 3 0.537 1
Group 12 — without traff 0.347 0.477
“All"-land Without 11 0.491 0.761
“All"-land Without 9, 11 0.49§ 0.765
“All"-land Without 5, 9, 11 0.554 0.764

Table 9: data-spectrum of separated processingsgpective biotope-classes

Loosing band-width of the processed data whenteplin sub-groups weakens the
over-all result of the regression — visible depemies between green volume, soll
sealing and surface-temperatures. The influencesthiérs are rising.

It's difficult to explain the high correlation Résult for group 7 compared to the other
results — e.g. of group 8. But during further pssseg regarding the group-8 results a
lot of outliers were detected and are disturbing ¢itherwise strong correlation here
(specifically tracks within the forests). The muniore significant GWR-values of
group 8 are indicating more explaining data. Theupr12 is generally indicating its
relevance (OLR rank 3, GWR rank 1) which is in melgaf possible measurements

based on the study results (heat-adaptation weargrof high interest.

A summary of the StdDev-values of residuals in régd biotope-classes is given in the
annex. As additional information originating fronfudl dataset processed which can be
compared with the OLR-results of the separate msing here.

OLR results could be positively influenced excluydihe groups with poorest relations
(5, 9, 11). The information was used to search iBgalty here for outliers and
explanations of them not fitting with the estimates

All groups with more spread structures and / dielifrequency (fewer samples)
provoking already as such less significant GWR{tesmost likely influenced by

128 OLROrdinaryL east squarRegression

129 GWR geographically weighted regeression
1300nly water-bodies excluded

131(incl. Argiculture)
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missing correlation to neighbor-units (group 4,®G)oup 12 is suggesting the opposite
effect, almost everywhere a lot of neighbors to pare with availabfé® The less

explaining results of GWR and OLR regarding acrg®p nine) seems to be an
indicator for the difficult interpretation of thiand-use type. A reason again could be

the already mentioned harvest-influence.

3 0.526: including moor (indicators 4) and

4th 0.579: incl. moor, wetness of biotopes water-petiery (indicators 3, 5, 6)

As the indicators (3-6) were defined in an estidatay (see chapter 3) to represent the
influence of the presence or absence of water, as va good sign that the
implementation showed improvement of the regressiodel. The § and 4" step of
the processing are basically showing the influenfcether factors (other independent
variables) on the temperature (dependent). Thet8p (introduction of one additional
variable / indicator) only being a preparation $o6ep 4. The check of results of single
indicator 4 [moor] processing compared with indicat3 and 5-processing indicated
that indicator 4 (moor) was sufficiently coverediwthose.

The performance is shown in detail in the followtagle (IBM-SPSS-output) forRz2:
0.526:

gé);/rlelsegggs) 'Ir;]eemaﬁ. C moor gvz10 vgl0
Temp. °C 1.000 .339 -.679 480
_|moor 339 1.000 -.182 314
Pearson Correlation
gvz10 -.679 -.182 1.000 -471
vgl0 .480 314 -471 1.000
Sig. (1-tailed) / 0.000 always
Sig.F-change 0.000 always for whole model
N 66260 ‘ Std. Error of the Estimate ‘ 1.75

Table 10: Correlations between each of the indepehdariables (vg10: soil sealing 2010and gvz
2010 for green volume 2010), moor: for indicatidmetness of organic soils and othdfs

Adding another variable as mddt adds positive to the overall modelfit. The
correlations between the variables is indicatingheocross-correlations which was
accepted due to that the aim was indicating vadidables (indicators) contributing to
the explanation of surface-temperatures and indgantfluences rather then gaining for
a specifically statistically optimized model. Stiie cross-correlations were not that
strong. As shown later, the influence of green-wmduon temperatures is relevantly

higher than of soil sealing and moor.

132 for the effect see e.g. pp 10f, Gang Chend 201
133 See chapter 3 on indicator 4 — later transfeéendicator 3 and 5
134 moor: processed only at this stage — latesfeared to indicator 3 and 5 - see chapter 3
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Result OLR (ESRI-ARCGIS) for'4 R2: 0.579:

When adding other variables the explanatory pautdcbe risen — but nah a way to
improve the over all model-fitting to focus on tkosn general Results and
dependencies between the main variables (deperdenindependent: indicators 1-2)
and between other variables (indicators 3-6) weél fwresented with the following

processing steps, representing the influencessarftly.

51 - g outlier-detection

The next steps, from™s- 9" are concentrating on outlier-detection via bietampdes.
The aim was to find reasons (e.g. through land-mament-specifics, sizes, ...) to
exclude certain polygons and regression-results wihigher standard-deviation of the
residuals (StdDev). It was tried tletectthemvia the biotope-codesdue to that it was
expected that certain land-use-specifics are itidggossible influences for a miss-fit
beside the statistical indication. Those could hdenstood then in an eco-systematic

context.

Before the outlier-detection a short reminder cgspnted numbers regarding StdDev:

* negative Valuesare indicating amverestimation of values (measured values /
temperatures are lower than the estimated oncediagahe use of independent
variables)

» positive valuesare indicating amnderestimation of values (measured values /
temperatures are higher than the estimated oncardiag the use of
independent variables)

* beyond +/- 1.5 StdDe\respective +/- 1 the StdDev) of the residualeytivere
seen as significant in regardmdssible model-miss-fs and outliers.

5t 0.596 After excluding linear biotopes (significanheight regarding outliers)

The exclusion brought a small Regression-strengtigefR?-adjusted) result of almost
0.02. Detecting specific outliers it was obviousttlinear biotopes caused a weakening
of the explaining part (see picture on standardadiewn-categories — above and beyond
after the & processing-step). As written above linear striestuiof 10-15m width or
less) are often influenced by neighbor-structusgeeially looking at the land-sat-data-
resolution of about 30m/30m at its best. So thecggeed temperatures (mean per
polygon) are of higher risk to be miss-calculatdtew not including full landsat-pixels
and / or small fractions of pixels dominated frothey land-use-influences rather then
the linear biotope. Many of the linear structuresrevshowing significant higher
standard-deviation (positive or negative) and atsxcluded as outliers (for biotopes

see: table annex chapter 4 together witp@cessing step beyond).




In the same moment explaining variables: greenmeland soil-sealing data, tend to
be miss-interpreted, looking e.g. at trees coveaistreet where soil sealing-information
could be easy underestimated, resulting in a kasgfmodel. Or in cases where the
green-volume is covering high soil-sealing, it wor€cessarily be reflected with higher
temperature data as the soil sealing sugt@st¥he landsat-data-input is as such
delivering inaccurate temperature-information fany linear biotopes. A more specific
example about dependence of neighbor-biotopesilleay ia influencing e.g. a street
(with almost 100% soil -sealing) and neighboringtbpes (e.g. forests), leaving the
street unexpectedly cool. The other way around:ndstreet is covered with green but
alongside hot — sealed settlement-structures (mdustry), it will be detected
unexpectedly hot.

After outlier-detection in 3 further steps

6" 0.606 (water-bodies included)
7" 0.613 (water-bodies included)
8" 0.655 (water-bodies included)

6"  0.606 (water-bodies included)

Exclusion of homogeneous biotope-code with all sasfethe codex standard deviation
(StdDev®) of the residuals beyond +/- 1.5: The followingimstructures and biotopes
were sorted out — 130 codes all-together with thprécessing-step:

. 5" linear biotopes like streets, tracks ...
. other: small water-bodies
. bare soils or grass-land with initial growth of ewaching woods which could

have cooled down the environment already but hanimigdetected as expected
green-volume for such cooling.

. fallen idle grass-land under ruderal vegetatioml@othen expected).

. intensive grassland incl. new planted grasslantt€hthen expected)

. grassland with cultivation influences through éarvesting?

. artificial influences like in parks and under naily use, where temporary

influences of e.g. cuttings, watering could hav@ignced the results — leaving a
guestion-mark still.
. new plantings.

7" 0.613 (water-bodies included)
Exclusion of homogeneous biotope-codes with moses&tdDev beyond +/- 1.5 and

mean beyond +/- 1.5: The main following structuaesl biotopes were sorted out (31
codes all-together):

135This counts even more, due to that the solirgpealues for linear structures like streets wera high degree
calculated based on topographic-cadaster dataaritirough the usual indication via-Sat-images tduat
those were limited in the same way as the landsagiés to produce the soil-sealing information is tase, e.g.
streets covered with green.

136 StdDevsStandard Dewation and as such usually used in context of RedsdStdDev if not otherwise indicated!
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. Pounds,(positive StdDev) due to may be heating:tsffef the environment.

. again encroaching wood / vegetation on bare salrassland (negative StdDev
— cooler then expected)

. again grassland and intensive acres — arable Faotte( then model-expected)

. a- / reforestation (cooler then expected) may l@etdwalready effective green

. sport-grounds and distance-green space (hotteretkgected) — most likely due
to intensive green-care and for the last influeotcaeighbor biotopes (e.g. hot
streets)

. (Dense) settlements may be due to effects of etiposind resulting cooling or
heating of buildings and environment (both diracsip

. Modern city-centre (hotter then expected)

. castles (cooler then expected) may be due to gobededing with vegetation or

watering or an other aspects like exposition arsigte
It's important to highlight the conditions of ingwe agriculture (arable land, acres,
grassland) which leads to an exclusion of thosasds. The hotness of the structures is
a most-likely sign for unsustainable conditionss@ice of bound water).
The indication of homogeneous biotope-codes withanméeyond +/- 1 standard
deviation (StdDe¥?") of the residuals andange > 4, originally planned as next
processing stepdidn't lead no significant improvements of the model and wasn't

used!®

After 8™ 0.655 (water-bodies included) /80.626 (water bodies excluded)

g"  0.655 (water-bodies included):

Exclusion of Biotope-group code “05” (grass-landdameadows) and “09” (acres /
farm-land / arable landAll single casegpolygons) StdDev beyond +/- 1.5.

Since grass-land and acres were still causing masgs with outliers most likely due to
cultivation and other artificial influences, diffit to detect, the step of excluding
affected data-sets was gone to optimize regressisuits. The rise from"7 0.613 to
8" 0.655 was showing most effective results of aigessing-steps. It can be, to some
extend, “justified” with ecosystem-related argunserthen only with statistical

processes.

137 See 137

138 The big range of residuals within one biotopdecseemed not to be an indication as such. Grdame and
soil-sealing seeming to be a stronger influencescanild, doing further research, deliver an andarepoor
improvement of the model in detail, which wasnttdsed any more.
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9" 0.626 (water bodies excluded):

The less good OLR-results (0.626 compared to 0.¢g8bressing excluding water

bodies contrary to results, achieved before oudleection and introduction of further

variables, showed the effect of the newly impleradntariables (3-6). Water-bodies are
as good addressed and explained with the indicdtuas the regression is more
optimized then water-bodies would be still weakgrilme regression-results.

Regarding OLR-processing this is the final poibtvasn't worked further with the data
to optimize the model-fit. Further processing witfe whole set was done with GWR
(see 18f), to care about the spatial dimension. Otherwds¢éa were summarized
(beyond: GWR 1%). Key-points being observed till this stage hesray

. artificial or cultivation-influences are disturbirrggression-results in regard of
the used and available data.
. Water including water-bodies can be addressed thighnewly implemented -

“estimated” variables, what leaves space for furtstudies and possible
optimization defining variables

. initial vegetation can be an explanation for unetge cooler temperatures then
estimated - mainly on bare soil and grass-lands \amh space for further
studies

. There are some unexplained phenomena producinigrsuti regard of the used

model. This counts specifically for settlement-bmes (class 12 - 11) which on
the other side are showing significant better mditelthen other biotope-
classes like grasslands.

StdDev:

. Temperatures in forests and woods tend to be Bligftt.5-1.5 StdDev)
underestimated (see 1st pic following side)

. Temperatures in settlement-areas tend to be glighvtrestimated (see 1st pic

following side: “settlement 1”) and in other pav&h tendency to more green
underestimated (see 1st pic following side: “setdat 2”)

. areas under cultivation with little relevant greealume / soil-sealing are
heterogeneous (see brown stripes 2nd pic followsidg: 0°: arable land, 45°:
greenland)

It seems that bigger settlement-areas are inflagnemaller water bodies to be hotter
then expected and bigger water bodies effectinglesmsettlement-areas to be cooler
then expected. The cluster-analysis of data wawisigosame patterns. The clustering
was showing patterns, which suggested effects vehegrtain space was covered with
similar structures. Then a more global influencethe respective direction can be
expected (settlements provoking hotness and lakeéd$oasest provoking cooling from 2

minimum edges 1km-1.5km [1km?] and bigger onwarltslpoks like, that from a

certain space covered with similar structures aengtobal influence in the respective

direction can be expected.
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Spatial pattern of local StdDev
(final OLR-processing)

Legend

StdDev of Residuals

R < 2.5 S0, Do,

B 25 --1.5 50 Dew
-1.5 - 0.5 5w Dew
05- 055 Dev
0.5 - 1.5 510, Dav

B 1525 Sid. Dev.
Il - 2550 Dev

T
- “no data® sreas atter cutler axclision

Legend

StdDev of Residuals
I - 2550 Do
B 25155 Dev

1.5 - 0.5 5. Dew

0.5-0.5 510 Dev

i 05-1.5 51 Dev.

|| B 1s-25 S0 Dey.
I - 2550 Dev

Wl

- “ro dala” amas after ouller exclusion
prassland | mesddws
arabie land | acres

Picture 16: StdDev after OLR-processing (here idiig water-bodies)
Brown stripes 0°: arable land, 45°: greenland

After OLR-processing some few, single areas witthbr StdDev (+/- 1.5 and even 2.5

and beyond) were remaining in the dataset andemabved, especially.

4. woods
5. special biotopes — sewage farm
6. settlement-areas — industry and trade

1. bare soils
2. moor / swamps

3. hay
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They are all indicating specific land-use-influesdartificial influences) looking at the

biotope-code already, which could be addressed fuitiher research. Special interest
could be given to moors and swamps due to that ity of special interest in regard
of climate-change beside adaptation-influence, wimgact (having enough water /
wetnes§?). These 6 land-use-patterns were not further addoehere — only indicated

as outliers, due to the interest of the work lesptimizing the OLR-model as such.
Focus was on the variables and postulated inde@i@en-volume and soil-sealing and
to describe them and their influences and on aerteew” for the local level (midscale

—1:10,000).

The explaining part of the single independent Vdeis after processing looked as
follows (IBM-SPSS-resultsFor R?-adjusted (8") 0.655

Correlations o
(IBM-SPSS) Temp °C |11 12 13 15 16
mean gvz10 | vgl0 | soil Bio.wet| waterpery
mean °C 1.000 -.610 |.537 | .388 | .536 373
I1_gvz10 -.610 1.000 | -.475 | -.153|-.146 -.012
. 12_vgl0 537 -475 |1.000 | .329 | .354 114

Pearson Correlation
I3_saoil .388 -153 | .329 |1.000 | .298 226
I5_Bio.wet .536 -.146 | .354 | .298 |1.000 374
I6_waterpery |.373 -.012 | .114 | 226 | .374 |1.000

Sig. (1-tailed) / 0.000 always

Sig.F-change 0.000 always for whole model

N 50307 always

Table 11: Correlations for Rz-adjusted for)8.655. The correlation of wetness of biotope} (15
and gvz for 2010 (11) is highlighted — here weaknpared to the 9th processing step (water
excluded)

When the overall-dataset is delivering a betteraggjon-result then the dataset with
water-bodies excluded, explaining surface-tempegatugreen volume is loosing
influence (0.708-0610). The expected influence aftarbodies (with little green-
volume / soil-sealing) is becoming visible with tm@relation-values.

In the same moment 15 and 16 are winning value ndigg the dependent variable
(mean °C) and showing the strength of the explgimpart of the biotope-component
(15). The correlation between I1 and I5 looses @dtgs value (highlighted blue), which
counts, but not so obvious for 12 and I5 as welleveas the relation between 15 and 16

IS getting stronger.

139 Compare recent studies wichtmann joosten 20%22014 using the sample of Potsdam “Koordiniesatedle
Klimaschutz” (Arge, 2010)
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For Rz-adjusted (9") 0.626(green volume alone here 0.501) => no water-bodies

Between the used variables there was always amwdworrelation detected (this
sample presented as an equivalent for all othecgssing steps). Green-volume (11,
gvz10) always being calculated as negative fatt@an be seen that it is the strongest
explaining variable (-0.708) followed of soil seaji(12, vg10¥*. Their relation (-0.500)

is almost as strong as the one of vg and tempesat(@.533). The influence of the
variables 13, 15, 16 is obvious and with some sgtbnof especially 15 (Bio.wét) in
relation to temperatures. During all processingsté& was of relevant benefit, to

process at least |1 and |12 together, rather thénamre variable / indicator.

Correlations
Temp °C |I1 12 13 15 16
(IBM-SPSS) P
mean gvz10 | vgl0 | soil Bio.wet| waterpery|
mean °C 1.000 -708 | .533 | .364 | .481 .292
I1_gvz10 -.708 1.000 | -.500 | -.196 |-.453 -.065
12_vg10 .533 -500 |1.000 | .329 | .457 .074
Pearson Correlation
I3_soil .364 -196 | .329 |1.000 | .289 184
I5_Bio.wet 481 -453 | .457 | .289 |1.000 159
I6_waterpery |.292 -065 | .074 | .184 | .159 |1.000
Sig. (1-tailed) / 0.000 always
Sig.F-change 0.000 always for whole model
N 49009 always

Table 12: Correlations for R2-adjusted90.626: The correlation of wetness of biotope} @hd
gvz for 2010 (I1) is highlighted — here strong pamed to the 8th processing step (water
included)

But still the cutting out of water-bodies is shoginfluence. The left graph (beyond) is
loosing some values on the left side, of coolerperatures (cooling effects of water-
bodies leading to lower Values then the averageluats and lower StdDev-values:
“negative” once).

If the set is processed only with variables greelmwe 11 and soil-sealing 12 R? is
remaining at 0.451 including water and 0.544 exiclgdvater-bodies. The result is
again showing the weakness of the model addressatgr-bodies (without 13-15).

Compared to 0.49 before outlier-detection (watecleded) the improvement is little
more than 5%. This suggests using the additionahbies 13-16 specifically when

addressing the whole data-set and when not coratmgtrspecifically on the value of

green-volume and may be soil-sealing as it is ta@raim of this work.

140The housing and other construction relatedtegizalue of soil sealing didn't bring relevanttberesults and
isn't presented here. If there is an interest @dyréo send further information => see contactildeta
141 Compare chapter 3 regaring the variable /catdr and it's shape => values indicating roonfdther research
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Temperature-variations after outlier-detection atdl almost normally distributed
(GauBian).

Histogram Histogram
Dependent Variable: mean61_621 Dependent Variable: mean61_621

Mean= 1 15643 Mean= .719E-14
2,500 S, Dev, =1.000 3,000 S, Cev, =1.000
M= 43,009 W= 50,907

{ 2000

Frequency
Frequency

-4 -2 o H il B -4 -2 a 2 4 &

Regression Standardized Residual Regression Standardized Residual

Picture 17: data-variation mean61_62_=> surface-feratures °C (IBM-SPSS- Ggraph)
left: for R2-adjusted (8) 0.626 / water excluded
right; for R2-adjusted (8) 0.655 / water includetf?

4.3.2 GWR-processing

GWR-analysis (based only green-volume and soil-s@a)

10" 0.71—0.78 (total — full data-sets) (0.664 only GVZ)

11" 0.78 — 0.79water excluded) (0.858 only GVZ)

12" 0.914(StdDev residuals beyond -1.5 and 1.5 excluded)

The adaptive Kernel typ& and AIC¢* reached best results of the ESRI-ARC-GIS
available GWR-spectrum (shown above). The adapype is better taking care of the

geographic patterns of e.g. smaller polygons inleseent areas and in the same
moment bigger once in forest- ore agricultural srethe following results are not

presented in detail regarding different GWR-teche®} due to that it's of no benefit to
understand the general data-situation and valués/afand VG.

Based on the “First Law of Geography”: everythingelated with everything else, but
closer things are more related GWR employs a dpagéghting function with the
assumption that near places are more similar thetard ones (geography matters)
(Tobler 1970, Matthews and Yang 2642 As such the results show, that

* GWR is improving the results of Potsdam-data inardgof detecting
dependencies between green-volume / soil-sealidgarface-temperatures.

142 See annex for data- variations in regard dabpie-groups and gvz, vg, temperatures

143 Adaptive: Spatial context (Gaussian kernélnation of a specified number of neighbours reacthat: 1.
where feature distribution is dense, the spatiatexd is smaller; 2. where feature distributiosparse, the
spatial context is larger. — Instead of fixed atigd context with defined fix distance (ESRI: AR&S10 help,
Matthews and Yang 2012)

144 the Akaike Information Criterion, mostly us@datthews and Yang 2012)

145 References as well in ESRI-ARC-GIS-10 help
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* GWR is confirming OLR-results looking at land-udasses and geographic
position, making them visible.

10"  0.71-0.78 (total — full data-set§).664 only GVZ2):

For this group only the last dataéewill be discussed. 0.7748 R¥ was reached, as
output of GWR-processing of the outlier-cleaned GirBcessing. Using only green-
volume for the model the R? is 0.664, indicatinguiagthe weakness of the green-
volume-variable when free water is influencing temgtures (see™-9" processing-
step above). Summarizing the values. The meanwgtesented in the following table
could be possibly miss-leading, but they fit to tleographical image (=> see picture
next page). It seems acceptable presenting themmgtdight tendencies within the
dataset related to land-use-classes (biotope-slasse

MEAN °C | MEAN °C MEAN
Bio-Class ZLrJee-ncy E/IOECQ:\IRZ ergedicted ilrggercept MEAN °C \'\;IGEAN E;A\E/QN gteds-idual

01 |flowng 704 029 27.82  27.98 2461 0.00 128 225
02 | Jandng 792 028 2824 2861  24.96 0.01 223 231
03 |Daresoll 2186 038 3061 3133 3097 9.42 3.18 0.26
04  |qarsand 540 028 2812 2881  26.02 0.13 3.93  -147
05 |gassang 7278 029 2994 3056  30.12 2.34 2.97 0.12
06 |Hay+ shrubs 53 013 2730  27.61  29.27 0.07 2.89 1.39
07 | Dushes 5213 032 2879 3061  29.28 4.38 9.24 0.35
08 |Forests 10272 041  27.07 2941  27.01 093 1316  -0.04
09 ;\;;,gfm—we 1981 0.31 30.66 30.87, 30.52 2.05 0.88 -0.10
10 gg;';;gpe“ 6229 0.35 30.70 31.35 30.93 18.65 3.59 0.16
11| hecEl 9% 0.36)  30.94 3167 317§ 2.25 3.25 0.59
12 | settlements 32412 0.36 31.19 31.36 31.12 47.73 3.1 -0.05

Table 13: GWR-results Local R? summarized alongbitd¢ope-classes incl. frequency of all
biotpes (GVZ: green volume, VG: soil sealing)

Compared with the overall GWR-result the mean c&ldrR? seems to be weak but those
mean-values are assisting to understand differefibey are not any more representing
local cross-reliance as the GWR does. The meantcfEsror is 1.43. The negative
Std.-Residuals of water-bodies (Biotope-class 1 is2hdicating absence of VG and

146 furthest OLR-processed dataset and polygbn-se

147 Reminder — it's always meant the R2-adjustédceyapeaking of R2

148 Predicted for values (°C) calculated on based#pendent variables

149Intercept for values (°C) calculated regardiedspendent variables: the expected value fodémendent
variable if all the independent (explanatory) vialéa are zero...

150 incl. argicultural grass-land
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GVZ of an cool environment. Moors (04) indicatingoting-effects of water as well,
here not adjusted using indicators 3-6 (see abou®-@ocessing). The higher
difference between predicted (mean!) and intergajutes (mean!) of forests and woods
is even in regard of mean-values reflecting thd higluence of detected GV to buffer
heat-influences. The effect isn't prominent lookimigthe other Biotope-classes. It's
indicating the influence of other variables anaet$ (presence of soil-sealing, absence

of green).

Some of the GWR-results contradict OLR-results amusing on larger areas, giving
space for further research (see picture next side):

. large forest in the East (middle) and some parthéenWest are showing weak
results in regard of local R2. This counts if be#riables are used or if they are
used independently

. many settlement-areas are showing weak resultsofmadus with mean of local

R2 — above in the table) but to some extent a fgrmother influences like the

water-bodies

North: agricultural and forest-mix-areas with weakults compared to

. strong results in NW (N of Wublitz-Area) agricukkuand greenland and

. center West: mix of settlement, forest and agngel(W of park Sanssouci)

Some of the GWR-results confirm OLR-results

. Water bodies are showing weak results (brown colayrbvious with mean of
local R2 — above in the table)

In regard of OLR-processing the influence of otliactors on the model were
mentioned. Looking at the GWR-outcomes and samgibes/e as geographic pattern

this is becoming more obvious.
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Spatial pattern of local R?
(GWR remaining data after OLR-processing)

Legend
GWR
Local R2
I 0.000616 - 0.100000
I 0.100001 - 0.200000
0.200001 - 0.300000
0.300001 - 0.400000
0.400001 - 0.500000
0.500001 - 0.600000
0.600001 - 0.700000
I 0.700001 - 0.800000
I 0.800001 - 0.900000
LocalR2 - water
I 0.000616 - 0.100000
I 0.100001 - 0.200000
I 0200001 - 0.300000
I 0.300001 - 0.400000
I 0.400001 - 0.500000
I 0.500001 - 0.600000
I 0500001 - 0.700000
I 0.700001 - 0.800000
I 0800001 - 0.900000

- "no data" areas after outlier exclusion

‘ water

Picture 18: GWR-results with fulll data-backgroufmownish colours) and without wateprdie:
(bright colours)

11" 0.78 -0.79water excluded) (0.858 only GVZ):
When the water-bodies were excluded the same eéiscwith the initial OLR-
processing (without further indicators 13-16) apraeh The model-fit was rising. The

explanatory value of GVZ for surface-temperatuceser

Interesting was, that the single use of GVZ leavang VG accounted for even better
results then the use of both variables (Aic-adapternel: 0.850 GVZ, 0.707 VG; Aic-
fixed cernel: 0.798 only GVZ, 0.757 VG included)}s Auch VG is a contributing and
influencing factor on temperatures, but it seemasad f'to focus on GVZ to achieve
a fitting over-all picture as long as water-bodae left out, but the results could be
miss-leading as well.

Looking at the map, the areas with high local regimn-results are concentrated on
unsealed areas and land-use-types. So the figtvw@ds, as long as unsealed areas are
addressed, calculating only with GVZ would be sugit. When on the other hand —
and for biotopes of most interest in regard of alimmadaptation: “settlement-biotopes”,
it's advised not to let VS out of processing.

Following this point the settlement-biotopes wexdracted showing R2: 0.858 only
GVZ and 0.799 for VG-only compared to R% 0.784 both variables (GVZ and VG).
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So the results of soil-sealing were strengthenedtnlikely due to a denser data
background of soil sealing data. But the tenderfcseparate processed data in relation
to together processed (GVZ and VG) is not linearsbme cases they are showing
almost same results when in other cases, they.di#fecessing with spatial reduction
(e.g. on settlement-biotopes: biotope class 12ptbieire gets even more complex and
diversified. In some cases the result of 2 vargloclen be seen as average of the single
variables, in others there can't be seen an obvelason.

The GWR-results of different variables are leadmgifferent local Regression strength
and weaknesses, different patterns, even betwesialyp full and part-data processing
(12 here for biotope-class of settlement-biotopesed pictures next paget + zoom
city-center, & Potsdam-East, Legend: GVZ (90° stripes): greemel VS (0°
stripes): soil-sealing, GVZ12 (70° stripes) / VSE®° stripes): values for settlement
biotopes. The big red spot"{dicture beyond - overview) indicating e.g. weak BW
regression results for a forest-dominated aremastibwing a similar tendency of single-
variable-processing compared to the two-variabde@ssing.

Observing the first picture beyond (zoom), theetéhce between spatially limited and
almost full covering data is obvious (0° compareth\®20° VG and 90 with 70° GVZ).

» Checking the green areas on the left side it sebatsGVZ is the dominating
factor driving the 2 variable-result in the directi of the single-GVZ-result
(grey 90° - GVZ on blue 0° - VG in front of greewerall result).

» Small areas whith blue stripes (weak) of both singbcessed variables in front

of yellow-overall (medium) were not first-hand expel.
But looking at the model behind GWR (see chapteh8)phenomena was expectable,
even when not compelling. The variety and sum oflsi results is not linear-related

connecting either variables or spaces.

Cross-correlation between GVZ and VG could be sdethe time processing the data,
but it never resulted in a weakening of the modsl{R?-adjusted) in the way that a
single-variable regression result was weaker theriwo- ore more variable processing.
As said in the introduction the two variables neeady be, to be seen additional rather
then combined.
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Spatial pattern of local R?
(GWR remaining data after OLR-processing LocalR2

P S Eip's S i LR owrewz Gvz 12

i, . ] 0,000616 - 0100000
"’ ‘ “. ’ [ ™ 0,100001 - 0.200000
II. |a‘lﬂ. ] 0,200001 - 0,300000

v, . 0.300001 - 0.400000
!ﬂ“ ‘/\- ‘ ) 0400001 - 0.500000
\ v -y 0,500001 - 0600000

‘ & ; - 0,600001 - 0.700000
y = 0,700001 - 0.800000
Il 0.800001 - 0.500000 [N

GWR VS Vs 12
0.000616 - 0.100000
0100001 - 0.200000
0.200001 - 0.200000
0.300001 - 0.400000
0.400001 - 0.500000
0.500001 - 0.600000
0.600001 - 0.700000
0.700001 - 0.800000

S 0.800001 - 0.500000 [N

GWR GVZ and VG
I 0.000616 - 0100000
I ©.100001 - 0.200000
| 0.200001 - 0.300000
0300001 - 0400000
0.400001 - 0.500000
0.500001 - 0.600000
I ©.500001 - 0.700000
I 0700001 - 0800000
I 0500001 - 0.800000

water

Spatial pattern of local R?
~ (GWR remaining data after OLR-processing) LocalR2
GWR GVZ GVZ 12

0.000616 - 0.100000
0100001 - 0.200000
™ 0.200001 - 0.200000
0,300001 - 0.400000
0,400001 = 0.300000
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0.700001 - 0500000
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- - 0.400001 - 0.500000
0.500001 - 0600000
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GWR GVZ and VG
I 0000616 - ©.100000
I ©.100001 - 0.200000
| 0,200001 - 0.200000
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Picture 19: The GWR-results of different variabke® leading to different local Regression
strength and weaknesses, different patterns evewebe spatially full and part-data processing
(“12” here for biotope-class of settlement-biotojpe$™ — zoom city-center,"2 Potsdam-East,
Legend of stripesGVZ (90°): green-volume, VS (0°): soil-sealingyZ32 (70°) / VS12 (20°):
values for settlement biotopes. Blue stripes ttlelvalues, than from white stripes to black stgp
for high values.

Regarding the single variables influence the resmére difficult to identify.

The picture beyond was produced to give a furthet bhefore GWR-processing —
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presentation is finished, to understand and sessawere either green-volume or soil-
sealing is showing no relevant amount to influetnemperatures (GVZ less than
1m3/m?, Soil-sealing less than 1%). Still the “Afarmation of missing influence of

variables was influencing the R2-result.

Spatial pattern of green volume and soil sealing in combination
(remaining data after OLR-processing)

Legend
no relevant green volume / soilsealing

- no relevant green volume
ﬁ no soilsealing / relevant green volume

green volume / soil sealing relevant amount|

- "no data" areas after outlier exclusion

water

Picture 20: Spatial pattern of variables (water kxded) wth indication of datasets regardi
presence of relevant numbers of indicators to pe@imperatures.

The spatial pattern is showing:

* brown (neither relevant green volume nor soil-sgglimostly agricultural areas
— acres — agrarian land (including sandpit in thetls, .
e orange (no relevant green-volume): dense settlermedtspecifically industry-

areas
» green (no relevant soil-sealing): mostly forestd Ewlands along waterbodies,

most of the parks
* light-blue (both relevant): settlement-areas (in@llotments/garden-plots,
graveyards, brown fields) — very prominent.

12th  0.914 (StdDev residuals beyond -1.5 and Ichuded)

The next result is more an evident and expectedAssoon as outliers are excluded in
general via StdDev of residuals, the results impdovihe picture beyhond was using
the before introduced pattern pifesence of relevant values of green-volume or soil
sealingto see different strength of local R2. The add#ibinformation reflects the local

GWR-R? results. The darker the stripes the higherdcal R? (black low / white: high).
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The pattern is not indicating explicitly a stromwklregarding local R? and the variables

value or combination.

Spatial pattern of local R? - GWR
with
combination presence soil-sealing / green volume

Legend

]\7 N no relevant green volume / soilsealing

- no relevant green volume
]‘ W no soilsealing / relevant green volume

green volume / soil sealing relevant amount]

GWR Local R2

Y, 0.000616 - 0.100000
YY), 0.100001 - 0.200000
YWY, 0.200001 - 0300000
YY) 0300001 - 0.400000
77, 0.400001 - 0.500000

| 0.500001 - 0.600000
7 0.600001 - 0.700000
| 0.700001 - 0.800000
0.800001 - 0.900000

‘:] water

- "no data" areas after outlier exclusion

Picture 21: GWR-results local Rz combined with prez and absence of green-volume or soil-sealing

At this point GWR analysis was stopped, a diffederainch of research needed to find
mechanisms between land-use-influences and basempters GV and VG on
temperatures.. Basically the explaining value @egrvolume and surface-sealing was
shown (with complex and diversified relations)s I¢till advised to get the indicators
green-volume and soil-sealing accepted as standdichtor to adapt to climate-
change. To further justify this, it was tried tofide some core-points to be able to use

the indicators.

The relation of findings in comparison with othéudies will follow, too (for more see

as well chapter 5).

4.3.3 Summarizing ORL-processing-results through lmtope-code-
reduction

The settlement biotopes are the biotope-groupaiope-class (GR12) which provoke a
special interest in regard of climate-adaptatiord anore specific healthy living-

conditions.

67




Other biotope-classes could be addressed, likewdynal biotopes, but the focus in
regard of possible climate adaptation would madtyi then first address cultures and

their management and less permanent green-volume.

The effects of green-volume and soil-sealing wengially planned to be observed
looking at climate-adaptation potentials regardesgtlement-biotopes. The following
3D-scatter plot is giving an additional impressadrihe relation between the factors and
surface-temperatures after outlier-detection ftitesaent-biotopes (GR12).

Temperature | Green Violume [ Soil Sealing (GR12)

mean61_621

Picture 22: Relation between surface temperaturesafi61_621), greevelume (gvzL(
and soil sealing (vg10) for settlement-Areas (GRiZettlement-biotope-class)

It's possible to see temperature-rising influenoéssoil sealing and temperature-
reducing effects of green-volume, when still shayile variety of single datasets
(points). Summarizing data assists to get a bpttdure and will be presented beyond

(13" processing step beyond).
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aruppe10: 12

gvz10 vgl0
Picture 23: data-variation (left low values rght higlt
values) of settlement-biotopes (“‘gruppel?2” lightegn-
transparent) compared to the mean of all data (dalte
graph): gvz10=> greenwolume, vgl0=> soil sealin
mean6l 62 => surface-temperatures °C (IBM-SPSS-
GGraph)

meanB1_G21

The data-variation (light-green-transparent graptynpared to the mean of all data
variations (dark-blue graph) is showing the typjaidtern for settlement-areas with less
green, high soil-sealing and higher temperaturese ltcompared to the average of
Potsdam. It helps to understand the relation bstweurface temperatures
(mean6l_621), green-volume (gvz10) and soil seqigd0) for settlement-areas in a
way, that to buffer temperatures and compensateehigoil-sealing-shares, relatively
little space for green is available (for more anel dther biotope-groups: see annex!).

It's postulated: If there is more green-volumeuitférs temperatures even, when there is
relevant soil-sealing. The graph following shalb&den the view from settlement-
biotopes to all biotopes. The numbers on the base(X) are indicating the biotope-
groups following from left to the right from 01* tt?* as follows:

1 Flowing water-bodies 7 bushes and woods

2 Standing water-bodies 8 Forests

3 bare soil / brown fields 9 Acres — agriculture

4 marshland swamp 10 parks and open spaces
5 grassland and meadows 11 special biotopes

6 Hay + shrubs 12 settlements

Between right hand on the graph Forests (8.NL.8pHsfl Parks and graveyards
(10.10) green-volume is significantly low (greermagin). Behind is the agricultural

biotope-class (09) — agrarian land. It's showimmi$icant height of temperatures (red
graph) and low of soil-sealing (black). So withaatevant soil-sealing influences the
temperatures are high when there is little grednrae. Tendencies lowering

temperatures when there is green and soil-seaéingbe seen on the right part of the
graph from 10-12, where a little + of green is r@dg temperatures even when soil-
sealing (black) is higher — assuming that greeniv@ is the temperature-buffering
factor behind.

151 incl. argicultural grass-land
152N (Nadel) for conifer-trees —, L for leaf-tre8shere pine 9 for different other trees
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Picture 24: Relation between: surface temperatieaxis) “red” graph (Vertical line 1), greemrelume
(gvz10) “green” graph (Vertical line 2) and soilaeng (vg10) “black” graph (Vertical line 3) followg
biotopes (X-axis

Biotope-code (variables only GVZ°* and VG in regard of summarized data-sets
addressing:

13" 0.774 Biotope-Code (weights based on frequency)

14"  0.841 Biotope-Code reduced to 4 dijitéweights based on frequency)

15"  0.886 Biotope-Code reduction of the code blogk2tdigits™ (weights based on
frequency)

The first step to summarize data started joininglaia with the same code, doing the
regression still taking the frequency in accourtie 29 step, I reduction of the
biotope-code was done then with a reduction to "dfthe cases of the original-full
code to 150 and then with th¥ 8tep, as"® reduction to 12 cases (Biotope-classes).

This meant a homogenization of independent andrikgme variables of the statistical
analysis being summarized (mean) (see chapter 8)ngDthis, the outliers are
equalized. The expected relation crystallized.ha $ame moment the biotope-related
indicators became more obvious and didn't get lesledbwing the strong correlation

153 Green-volume-number GVZ for German Grin Volardahl in m3/m?

154 and soil-sealing VG for German VersieGelungpin

155 instead of 8-11 — depending on the Biotopgsclihis meant a reduction to a™1ff the cases from around 1500
cases of the original-full code to about 150 =>ehecluding mean of green-volume, soil-sealing and
temperatures

156 the Biotope-class: 12 cases => here includhegn of green-volume, soil-sealing and temperatures
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between biotopes and the variables (here greermmmland soil-sealing remainitig.
The focus in other studies on land-use-classestitegenfluences of green-volume and
soil-sealing was, as indicated in the introducti@ason to go this processing-step.

13th. R2: 0.774 Biotope-Code (weights based oruieegy)
Correlations Temp. °C 11 12
(IBM SPSS) mean gvz10 vgl0
Mean °C 1.000 -.840 .700
Pearson Correlationgyz10 -.840 1.000 -.578
vglo0 .700 -.578 1.000
Sig. (1-tailed) / 0.000 always
Sig.F-change 0.000 always for whole model
N 1314 always (based on 49009 frequency)
Table 14: Correlations for R2-adjusted {101.) 0.744and weights based on frequency of all
biotpes

The weight of each independent variable is rismg,well as the cross-correlations,
compared to the processing-steps before. Stillntgative cross-correlations between
the two independent variables were weakening treadlvresult. If frequency is not

taken into account the R? goes down to 0.710 amdgsecorrelation is weakened,
indicating that the numbers of more the model erjplg cases (e.g. settlement-

biotopes) are present to a higher degree in thee dat

The result is showing as well, that as soon asngveé&ime is estimated for certain
land-use-types or more specifically, as an avefageertain-land-use-units, as e.g.
done in Manchester - studies (ASCCUE, 2013() ASCQudEal Advisory Group,
2004() Gill Susannah Elizabeth, 2006() Gill et 2007) and New York (Rosenzweig et
al., 2009), the over all-model-fit tends to improVais picture is crystallizing when the
Potsdam-landuse units are more summarized, as @oridanchestéf® too. The
estimation of about 150 biotopes in regard of aiced biotope-code and 12 Biotope
classes is highlighting this (almost similar to hR8CCUE-Manchester-studies => see
chapter 5 — discussion).

157 The others (13-16 =>see chapter 3) couldnpioeessed, due to that they were not in a stdie summarized.
158 => urban morphology types (UMTSs): primary 12l aetailed 29 resulting in 9 surface-cover-typeggard of
estimated green volume / in other words land-uses-(&ill 2006)
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14th. R?: 0.841

Alpha-Code reduced to 4 digiteveights based on frequency)

gé);/rlelsegcs)gs) ;eemaﬁitzgure 11 mean_gvz10 | 12 mean_vgl(Q
mean_°C 1.000 -.879 743

Pearson Correlation mean_gvz10 -.879 1.000 -.605
mean_vgl0 .743 -.605 1.000

Sig. (1-tailed) / Sig.F- 0.000/

change 0.000

N 135(based on 49009 frequency)

Table 15: Correlation for R2: 0.841 with Alpha-Codeduction of the code block to 4 digits and
weights based on frequency of all biotpes

Following the approach with an estimated green+waithe reduction of the code to 4
digits is a first step approaching comparable dms as in the ASCCUE-set-up.
Coming from R2 0.544 excluding water-bodfsthis is a huge step to reach R2? 0.841
(from about 54% to 84% - fit). The dependenciesvken the variables here again
increasing.
15th. R2: 0.886 Alpha-Code reduction of the codeclbto 2 digitd®! (weights

based on frequency)

gé);/rlelsegcs)gs) ;eemaﬁitzgure I1 mean_gvz10 | [2 mean_vgl(Q
mean_°C 1.000 -.924 .788

Pearson Correlation mean_gvz10 -.924 1.000 -.656
mean_vgl0 .788 -.656 1.000
mean_°C 0.000 0.003

Sig. (1-tailed) mean_gvz10 0.000 0.020
mean_vgl0 0.003 0.020

Sig.F-change 0.000

N 10 (based on 49009 frequency)

Table 16: Correlation for R2: 0.886 with Alpha-Codeduction of the code block to 2 digits and
weights based on frequency of all biotpes.

Still the 0-hypotheses can be rejected (up to 0108) the 0.020 significance between
green-volume (gvz) and soil sealing (vg) is indiogta beginning weakening of the
model, probably due to summarizing-effects. Sinagewbodies were excluded the
biotope-classes reduced from 12 to 10.

159 instead of 8-11 — depending on the Biotopgsclihis meant a reduction to a"1ff the cases from around 1500
cases of the original-full code to about 150 =>ehecluding mean of green-volume, soil-sealing and
temperatures

160 From 0.451 including water and 0.656 (N 146)@ the reduced code. The result is again shothimgveakness
of the model addressing water-bodies (without [3HSee above.

161 the Biotope-class: 12 cases => here includhegn of green-volume, soil-sealing and temperatures
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If water-bodies are included, R? is reduced to D.64Ad cross-correlation is reduced
from 0.020 to 0.016. Very strong is the loss in thedel-fit taking in water-bodies, due
to that — as said already — and especially in cegérsummarized data, no relevant
variables are available (only*“I1” green-volume di@f soil-sealing) to address water-
bodies. All “water’-cases then are weakening thelaxation of surface temperatures

via “I1" and “I2".

4.3.4 More summarized data (GVZ/ VG)

Green-volume summarized to 1 digit R? 0.952 if frequency is recognized (IBM-
SPSS-OUTPUT)

If the green-volume data are summarized limiting ttases to one decimal-digit

(independent) and the mean of temperatures (depgnde to be explained, the
Regression result is very strong (IBM linear RB2 theluding frequencies, showing
the effect of generalization on a different scéleneant a reduction from 49,009 cases

to 211 cases .

TempoTtiu - grocn-vol e cor-Zlation

36.00

y=-"275Tx T1aNT
R’ - 0.£053

" y = 0012 - [ 8553x + 32 442
F®=09i73

D 28.00

26.00

24.00

22.00

AN T T T
0.0 c.o0 10.20 ‘500 2002 25.00
GYIm'me

Picture 25: graph of green-volume and temperatugeatation - here without recognizing frequenc
linear R? 0,905, quadratic R2 0.957 (Microsoft-Exglaph)

The mean of correlated soil seafifigs reaching an explaining value of R20.906 and
using both variables (GV / VG) in the given setOR74 (IBM-SPSS). The cross-

162 with the same data-background and summaregatding the 211 cases GV




correlation, if both indicators are processed, V&laning GV is then -0.913
(equivalent to R? 0.833 if set in relation GVZ exiping VG). All those data only
presented to show the strength of the relationr afienmarizing. The only accountable
and usable result to assist defining a simplifiehsure as an indicator is the change of

temperatures in addition to a certain GV.

Following the formula in the picture above (and HBW®WSS-results — including
frequency of the over-all dataset), addimg3/m?2 green-volumeleads to aeduction of
about 0.3°C surface temperature(linear regression) - 1°C to buffer need¥;3
m3m2GV. This count in fact only for conditions thie 18" July 2010 with for this case
resulting meantemperatures 25-33°C (about the bandwidth of allygon-related
mean-temperatures seé® dicture beyond). If to the green-volume — tempeest
correlation (see graph above) is added the meawibsealing the picture seems still
more or less obvious. There are only a few outdmea Since the pure scatter-plot is
difficult to read (see annex), the variables weress-checked, to find a more

cumulative graphical image:
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Picture 26: graph of GVZ and temperature-correlatigreen) with added meanluas of addicte
soil sealing-values (red). R?-values included asfion (frequency unrecognised). GVZ-indbese
line multiplied X10 (1 is equivalent 0.1 in realit$61 = 26.1). Regression-functionréspectiv
graph (green for GV and black and red for VG)

The tendency of both indicators summarized in mkgaf green-volume seems

obviously influencing temperatures. The soil-segMalues related to green-volume

then very much better to explain with an exponéfdiaction.
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Looking at specific (geographical) places condgiahe relation could easy mislead
interpreting local circumstances. The variety ofadaf each variable behind is too
heterogeneous, to be used without further resesrokher influencing factors. Still — if
planned to be used as an estimate for orientation:

* it could be recommended to be used relative tebetsults
» specifically in Potsdam and similar climate-regions

To see the range of temperatures related to eacha&¥/they were summarized in a
graph. The following picture is showing the infleenof green-volume on temperatures,
now based on the summarized green-volume to one(d®009 cases summarized to
211 cases with frequency-information / number aadge of all cases — the mean
temperature of each polygon still available).

The 3 lines are indicating the spectrum of data:

e red for maximum values,
» green for mean of values and
¢ Dblue for minimum of values.

The lines meet more the higher the green-volun{&asn left to right). This indicates
that with rising green-volume the influence on temgbures is increasing as well. At
least the correlation of green-volume and tempesatis strengthened. Important is,
that on the very end on the right side green-vohvalaes are as well less in number,
beginning with about 15m3/m? (bandwidth: from 16n#/less than 100 cases to
19.2m3/m2 with less than 10 cases: see green-vefiraph annex 4). The data-range of
related temperaturesngan-valueg covers abouB3-26°C maximum from about39-
27°C — more or less following the steepness of the nvadues-graph. Theninimum
varies aroun@5-23°Cindicating other influences (cooling environments)
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Picture 28: GVZ — temperaturecerrelation with mean values °C: maximum (red@am (green
minimum (blue)

The influence of reducing data-sets summarizinglmseen comparing the case on the
left, summarized green-volume-values to one dijitl(cases) with the summary on the
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Picture 27: GVZ — temperature — correlation dataesfpum summarized to 211 (one digise
(left) and 1843 (two digit) cases (right)

right, summarized to 2 digits (1843 cases). Gre®lnrae-values are on the base-line
(X) and temperatures on (Y). Even on the right gd#phic - the tendency of green-

volume, influencing temperatures stays obvious.

Soil-sealing (1 decimal-digit reduction to about 100 cases): R? 0.753 if frequency is
recognized (IBM-SPSS)

The pure regression between mean of soil-sealiagei on a 1 decimal-digit-reduction
to about 1000 cases from 49009) produces a R27#{30(0.389 without frequency
recognized! - as in the graph beyond) and Rz 0i@tRiding the addicted GV (R2
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0.808 only GV, 0.519 processed without frequen@uadratic or other functions, like
exponential functions, are not improving the adambaof the relation, as it was the
case with VG related to GV-classes (see aboveludimg frequency in the function is
the main strengthening factor. This recognizes nliksly the many settlement-areas
(high frequency) and cases summarized with valiflueamces of soil sealing on

temperatures (scatter-plot with frequencies in adphe
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Picture 29: graph of VG and temperature-correlatifsad) with added mean values of correlated GV-
temperature-correlation (green). R2-values inclu@dedfunction (frequency unrecognised). Tingex o
soil sealing (%)base line is multiplied X10 (1.00 is equivalerit th reality, 967.00 = 96.7%). Tl
regression-functions / graphs (green for GV andfred/G)

Both indicators summarized in regard of soil-sea(ih decimal-digit reduction to about
1000 cases) still indicating influence on tempeaegueven when weaker then with the
GV-based graphs before. The GV in this case saffiy explained with a linear
regression-function. An increase of 10% soil seplmading to a temperature-rise of
0.3°C. Again the results are based on conditionthefld July 2010 with and related
mean-temperatures 27-39°C (bandwidth of polygoatedl mean-temperatures sé@ 2
picture beyond). The relation of green-volume amdicdo soil-sealing-categories with
temperatures is weakened about 15% then compatbe telation of GV directly with

temperatures (see above).

Regarding soil-sealing the effects summarizing data, mean, max =>see beyond)

are similar as with green-volume, even, when ther-all picture is standing for a less

strong influence of soil-sealing on temperatureswNhe maximum-values (related to

36-37°C) are indicating other heating-influencesaM (30-34°C) and minimum (23-
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30°C) are indicating stronger influences of soddsry (%-scale) on temperatures.
Mean and minimum values are unlike GV with mean arakimum -graph following a
similar steepness.

soil sealing - temperature correlation
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Picture 30: VG — temperature — correlation wimean values °C: maximum (red), mean (gr
minimum (blue)
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Results — summary

After processing

using different methods ¢

regression-analysis

* OLR/

 GWR

detected with

» checking spatial-patterr
by view

* summarizing statistics

and datasets of different sha

in regard of

* land-use-units,

» StdDev

and variables (11-16) i

different combinations

e I1 -green-volume &
introduced

* 12 surface-sealing a8
introduced

e I3 sall

* 14 organic soil [moor]

* |5wetness or dryness
biotopes

* 16 water-periphery

Key results are
(addressing 30m resolution-units of landsat-data)

Relevant explanation of surface temperature
given via:
o GVZ “I1”
o VS:“2"
o Land-use as “complex criterion”
High negative correlation between variab
green-volume and soil sealing
Possible other influences on surface-temperat
are:
o Artificial — short-time influences of lang
use are disturbing regression-correlation
o Processed: “I13"-"16” (free and bound wat
- water-content and wetness) and fo
relevant
o Unprocessed, e.g.:
effects between
summarizing effects
On a range of mean-temperatures 25-35°C
every m3/mz2 is reducing temperatures for about
(0.3-0.4)°C. As such it's a good contribution
climate-adaptation.
1% (1m?100m?) of soil-sealing is thenl
provoking a rise of temperatures for about 0.03
Summarizing data leads to improvement
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exposition,
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1/3
to
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regression and predictiott

163 Single cases 22-40°C resulting in a meanmdsil 25-35°C (water-bodies excluded)
164 Single cases 22-40°C resulting in a mean (3BT (water-bodies excluded)
165More a general then a specific phenomena eduld have weakened results as well




5. Findings and discussion

After Potsdam-dataand regression-analysis it can be confirmed théata@d VG are
influencing temperatures and relevant as indicat@ddressing temperature-
development — specifically adaptation to rising pematures. Defining differences
focusing on climate-adaptation-potentials, addrngsgsemperature-stress or sensitive
(reactive) and temperature-constant, less readsg, vulnerable environments, it can
be said that:

1. Green-volume is a reactive factor buffering tempees

2. Surface sealing is a reactive factor contributmteimperature rise

3. Biotope- and land-use-information is an assistiagtdr to understand and
address local specifics, including water as coghagameter

4. The different parameters are influencing the effecf each another on
temperatures ...

But it needs to be said, that:

» It's difficult to indicate an specific amount ofegin volume and possibly other
conditions of the researched parameters, to gusramtaximum adaptation-
potential to rising temperatures

» Sitill - if a defined temperature change shall Hepded, required dimensions of
e.g. green can be estimated (see beyond)

Basically the explaining value of green-volume audface-sealing was shown - with
complex and diversified relations (R? fits of 0.685). It's reasonable, reflecting the
findings of the analyzedPotsdam-datato get the indicators green-volume and soil-
sealing accepted as standard-indicator to prekaptian to climate-change. To do this,
some core-points before defining the indicatorslidte mentioned and recent study-

results addressing GV and VG shall be reflectednaga

5.1 First reflecting of other study results regardng
Potsdam
In other studies and research (as presented.a@.gddnchester: Gill 2006, ASCCUE
2007, Dresden: Meinel 2006; Meinel, Hecht 2008, Nferk: Rosenzweig et al., 2009)
data were often summarized in regard of land-usestsires. For Manchester e.g. into
the urban morphology types (UMTS): primary 12 arthded 29 resulting in 9 surface-
cover-types in regard of estimated green volunte ether words land-use-units (Gill
2006, 2007). So to process the GV and VG-paramétey were summarized into a
very few categories.
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The visual estimation in regard of green-volume aod-sealing is as Frick (2008)
could show analyzing data for Potsdam in many casss-leading to achieve accurate
results. Extreme values are preferred and medidnevare less present (Frick, Annett,
2006(), Luftbild Umwelt Planung GmbH and Frick, Aet) 2008). For Potsdam very
accurate data are available and used (many prat@sgematically — see chapter 2),
which is outstanding. The data are fulfilling derdam high quality for the local level.
The issue is pointed out here to mention needddeoesas local specifics and demand of
processing-requirements and standards, Thus theygtealways achievable if local
conditions shall be addressed and sometimes ew&ntézhnical proceedings are not
sufficient to understand all local interactions asalyzed here regarding land use-
influences. If the aim is to define measuremenss laccurate data can still achieve
success to promote a certain development e.ggardeof climate-adaptation via GV.
Adding to this issue, it's difficult to compare dabf different localizations (e.g.
Potsdam, Manchester, New York, Dresden) since tfies @are usually measured and
defined in very specific ways and towards complaisu Even when it is possible to
adapt those, they're not easy to be used when sthetdards are common. Looking at
Germany where even the standards for cadastresdfuse are limited to be compared
(e.g. in Germany the standard for ATKIS: Krtiger7p-93 and Walz, Schuhmacher p.
201-217; 2010).

Thus summarized data are helping to highlight agral/trend. The smoothing of data-
varieties, which was done with the Potsdam-data, isoleading then possible to a
definition of a simple indicator. As presented: deging on the way of the processing,
green-volume can reach an explaining value for tmatpres of up to 0.9R?, when as
done with the sample-data of Potsdam is summatizdalocks of values with one

decimal-digit and the related mean-temperaturdbsrégiresenting 211 cases). In regard
of other factor-influences this image is miss-legdand provoking overestimation of
green-volume-influences. Out-breakers are already wisible any more, with a

summary to a number worth 0.02% of the originahdat

Findings based on estimated green-volume and ealirgj-data are as such helping to
reflect the overall-situation and defining demand €.g. masses of health-supporting
green-volume to adapt to climate change and exgeiste of temperatures. So it's very
helpful to develop a reliable sizing of indicatoiie GWR results, based on spatial
relations, with up to 85% model-fit justify usiniget indicator, regardless estimated for
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certain landuse-patterns or more specific locatitams.

A calculation based on estimated green-volume amilssaling-data as done for
Manchester (ASCCUE, Gill 2006, 2007) and at leastCdresden (Meinel, Hecht 2006,
2008), too is benefiting to adapt to climate chazge expected rise of temperatures.
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Picture 31 - repeating Picture: graph of GV temgara-correlation -here without recognizir
frequencies linear R2 0,905, quadratic R? 0.957c(esoft-EXEL-graph)

5.2 GVZ/VG- formula for Potsdam

Following the formula in the picture above (y =2@67x + 31.507 for R? = 0.9052 -
IBM linear R2 0.952including frequencieg — shown already, adding 1m3/m2 green-

volume leads to a reduction of about 0,3°C surfaggeraturg®,

As theaverage green-volume of settlement-biotopeis little more than 3m3/m?2 (in
average on a space almost 50% soil sealed) someould need to little more than
double the green-volume to reduce temperaturesalbmut 1°C. This is equivalent
adding at least (goodd m3/m?2 on the remaining free-spacewhat is already the
volume of a little tree (5-6m height and about 2mdth) or bigger bush (Grol3mann
Max, 1984(), GroBmann Max and Schulze, 1987). Fooden vegetation it can be
expected that it's possible to implement such velu@ther vegetation would be viewed
as additional support, but not leading to a sigaift change and adaptation-possibility
to higher temperatures, as long as using the G\¥@meter. Still other vegetation is of

166 - based on a temperature range from abou8@5:3neasured conditions of thé".uly 2010
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even high benefit to reduce heat-influences (Rpsenzweig et al., 2009(), Meier,
Fred, 2011).

Based on the Potsdam 2010-data, locations e.g. &¥ed are showing a Green-
volume from 0.14-8.13 m3m?2 and temperatures € linore than 27°C to 37°C. The
trend between more green and less heat is vistigraling the data, even when not
only indicating green-volume-influences to reduce temperature. The GV-values are
showing, that there is quite a span on many logatio implement more green (0.14-
8.13 m3m?2).To add a small tree, soon reaching 6m3/m?2 to redudemperature for
about 1°C, seems realistic at many locations.

Looking at specific (geographical) localities caihs, the picture could easy mislead
interpreting circumstances. The variety of datenahy factors influencing temperatures
and the variables behind is to some extend toadggaeous, to be used without further

research of other influencing factors.

On the other hand if planers are cross-checking ieital specifics and influences, the
findings of effects of GV could be used as an estinfor orientation to implement an
effective amount of green:

* it can be recommended to be used relative to bretseits

» specifically in Potsdam and similar climate-regions

Since the PIK” was expecting a rise in average Temperatur@@8D for about 2.5°C
and specifically a health-challenging rise of degth extensive heat and tropical nights
(Ludeke and Walther, 2014), it would be of benteficut the heat-peaks, too.

To define a first starting-point to address climatkaptation-measures via green-volume
(for Potsdam) and to be used as indicator relativebetter results, the following

estimation-formula could be used:

(1) GVeq= 33 m3m2 2 AV=1m3

* “GVeq“ being the GV-equivalent to adapt to 1 unit tengpare-rise (1°C) and
V for volume m3

* “GVad would be the needed GV to reduce a postulatedpéeature-rise
[A°Temp] meaning the “GV-adaptation-mass” in m3

« The GV to adapt to a certain heating effect foedain space could be defined

167 Potsdam Institute for Climate Impact Research ,




then as follows:

(2) GVag=ATemp * GVeq* 100/VG

* VG being the % of soil-sealing of the addressed are

Calculating G\4 it's possible to see if GYas postulated GV is realistic to be
implemented on a certain area. If it's not feastble adaptation and production of
healthier living-environments via GV is not possildnd the environment is in that
regard unsustainable, if not other measuremerdselilg. implementing cooling water
can be considered. The formula (2) could be uséd megative values for decreasing

temperatures as well.

The formula needs verification especially in regafdsoil-sealing. The processing of
VG related with temperatures produced a linearedation and a possible formula to
calculate it. A rise of soil-sealing is provoking cartain rise of temperatures. If
ATempsc is defined as the VG-related temperature-changesads to be added to the

calculation of G\ :
(3) GVag=ATempc+tATemp * GVeq* 100/VG

* WhenAVG [%] is defined as the change of soil-sealing peit (equivalent to
the total max. 100%: total sealing of a given spaaad min. 0%: no soil
sealing), the formula for the soil-sealing-changlated temperature would be:

(4) ATemp,c = 0.03*AVG

* ... as long as model-results detected so far are, weleeke 1% soil sealing is
leading to a temperature-rise of 0.03%¢

For the formula which is based on a 75%-model fithe summarized data or up to
80% fit of GWR-outcome counts even more than fer@V formula:

e it can be recommended to be used relative to beteits
» specifically in Potsdam and similar climate-regions

It's strongly recommended to verify the results tmddjust the formulas. As mentioned
at the beginning of chapter 4, presenting the DWé&asured temperatures for the given

day (9" July 2010), the day was representing a hot suntragmith air-temperatures of

168 Temp. = 0.03x : e.g. 10% soil sealing leadling temperature-rise of 1°C
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up to almost 39°C. Given the temperatures of tHeutded model-results they are
based on a day which is suitable to address high health- challenging summer-
temperatures. As such the adaption-degrees of GVriak-degrees of VG presented
here are accounting for to be used as a valid measwaddress climate change-related

effects on living-environments.

Cross-correlation between GV and VG could be s#iéheatime processing the data. It
even resulted in a weakening of the model-fits d&sted) in the way that a single-
variable regression result was stronger then the twre more variable processing
(GWR). When calculating influences, as said in ieoduction and still after the
presented analysis, the two variables currentlydrieebe seen additional rather then
combined. The presented formula follows this figdi®n the other hand it will be of
interest, if to address local conditions and idiow an accountable monitoring, that the
relation between the two indicators is further ifiled. To produce a simple indicator-
formula would be of high benefit for spatial anshdause-planning. Some first tests
during the presented research, to bring the inalisagreen-volume and soil sealing
together in one formula, couldn't achieve the tss@model-fit) processing them
independent. Best results were reached multiplgireen volume by 2, subtracting it
from soil-sealing values. For thigrther research could be interesting to define a “full
covering” or complex (combined VG and GV) indicatbelping to find the balance
between construction (VG) and additional structdies green (GV) and if possible

water in one step.

5.3 Further reflecting of other study results

Gill (2006, p 122) postulated a temperature redactor Manchester of up to 2.2-2.5°C
if 10% GV is added to a high-density environménthigh-density residential areas, for
example, maximum surface temperatures in 1961-¥®30current form are 27.9°C.
Adding 10 per cent green cover decreases maximufacsutemperatures by 2.2°C in
1961-1990, and 2.4°C to 2.5°C by the 2080s Low High emissions scenarios,
respectively ... if no change was made to surtacer.

10% rise of GV as indicated for Manchester (GillOgD wouldn't be enough to
compensate the e.g. PIK-defined temperature-ris€.6fC for Potsdam for 2050
(Ludeke, Walther 2014). In the case of averagdeseéint-areas for Potsdam: 50%
sealed environments with an average green of 3npfagent one would need/fms3
which is a much higher percentage GV-rise. If ooeuges more sealed environments
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with less GV the effect calculating in added GV%eigen worse. The only sign of
Potsdam-data fitting with the Manchester-data camlbserved looking at scatter-plots
of the whole Potsdam-data-set, where quite soma g@aints suggest a stronger
influence of initial — first green on temperatutken compared to cases where some
green is already present (see graph beyond andralage of little gvz compared to
temperatures — left scale). Regarding the Potsdatanttie uncertainty of the amount of
how much already little GV is influencing temperats higher than the definition of
influence of higher GV (compare chapter 4 graphsange of temperatures correlated
to GV).
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Picture 32: bandwidth of data addressing GV (gvz10: bott
and temperature (left) -correlation incl. different regressi
graphs (linear, exponential ...)

Findings of many studies like for New York (Roseemyet al., 2009), Berlin ( e.qg.
Meier, Fred, 2011) and Stuttgart (Reuter, Ulrich12) and others (Smith and Lindley,
2008(), Stocker, 2014(), Snover, A.K., L. WhitelnBer, J. Lopez, E. Willmott, J. Kay,
D. Howell, and J. Simmonds., 2007.) suggest a mfjhence of green-cover like roof-
greening or vertical greening. The given parametasldn’t be covered with the
Potsdam data-background.

Calculating with a %-background like for Manchestermaking it complicate to
compare results, when on the other hand it cortegthe implementation of measures.
The GV needed for a 10%-rise would be easy to lpdeimented in many environments
— and still benefit living-conditions.

If heterogeneous structures shall be addressedfimedneasurements on local ground
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there is a difference compared to measurementsegponal level. The same counts
comparing a total-community with a specific settgrrarea or “living-block”.
Measures defined in Manchester (Handley and C&2@06), Dresden (REGKLAM-
Partner, Dresden, 2013) and possible for Potsdamldwaising the current data-
background, address the regional to community-lemel would need adjustments on
local level (support with further expertise to talege about specifics “on the ground”).

The present research was addressing land-useispébibtopes) in relation to GV and
VG as well. When the land-use units are more surzediras done in Manchestér
effects are similar as presented above. When pregesaummarized dependencies
between soil-sealing, green-volume and surface-¢eatpres (with an estimated GV,
VG) which was done with the reduction of the Bictegnde to 4 digits, it lead from
about 55% for all data (OLR) to a 84% - modelifferent Influences for this effect
were mentioned in chapter 4 already, like densitycanstruction resulting either in
heating or cooling. First now before coming backother influences on temperatures
not covered in detail with the research, the specibund out and related to land-use

shall be shown again and discussed.

5.3 Specific land-use-patterns and influences on
regression-results:

Smaller and tinier structures

Linear biotopes like streets, tracks, streams amallgivers as well as smaller structures
as such, like pounds are often influenced by neghitructures and biotopes.
Structures of about only 10-15m width or less dfeceed. The calculated and expected
temperature-effects of indicators are often néihftwith measured values. Looking at
the land-sat-data-resolution of about 30m/30m satbiést 1 the mean-temperature-
calculation is likely to be wrong, covering the ide@nvironment around including the
small structure with in many cases different GV, @6d other parameters then the
surrounding dominating the Landsat image-valué$ifZalculations on a spot are all
right, linear structures are likely summarizinglugihces of many neighbours, so that
the results are accidentally fitting rather there do real coherence. Both effects count
for smaller structures in general. Filtering outlygons either< 30, 45 and 60 m?2
detected no significant change of regression-resiilhey need to be addressed with

different methods.

169 See above => urban morphology types (UMTénary 12 and detailed 29 resulting in 9 surfaceecdypes in
regard of estimated green volume / in other woadd-use-units (Gill 2006)
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Undetected green

Bare soils or grass-land with initial growth of ema&ching woods, fallen idle grass-land
under ruderal vegetation and reforestations or plewtings - all cooler then expected:
Upcoming vegetation could have cooled down therenment already but having not

detected as expected green-volume for such cooling.

Atrtificial influences

Agriculture: It's important to highlight the conditions of intave and other agriculture
(arable land, acres, grassland) which lead to alus®n of those datasets: Hotter then
expected, green-volume-data are not as reliablim agher areas. The rise fron"7
0.613 to 8- 0.655 OLR-step and outlier-exclusion were showimgst effective results
of all OLR-processing-steps. The land-use-strustiaee suggesting land-use-related
influences: Due to cultivation influences through. dnarvesting (where detected green
IS not present any more biotopes and calculateehgrelume based on end of may data
— temperatures mid of July — data) and possiblenith@ (dryer then biotopes and soil
are suggesting). It can be a sign for unsustairabiditions (absence of bound water).
Other artificial influences: Parks and structures under military use, where ¢eanp
influences of e.g. cuttings and watering could hawleenced the results were detected
with high StdDev of residuals. Such artificial idihces could have lead to detect full
biotope-code-groups (biotopes of same coding). Heuartresearch could produce

explanations leaving a question mark now.

Almost stable estimates (Forests and wooden vegedtat):

The forest-green-volume-data are more accuratdatieat they are less estimated (as
e.g. green-land). They are measured as outcom&BFDSM' - subtraction and less
vulnerable about variations of short time artificiafluences (e.g. harvest). The
relatively weak local regression-results of someedtareas need further research
(specifically GWR). There was no satisfying expliora found so far. The wood-
dominated biotopes are often showing no soil sgal$o the Regression-analysis is
limited to one factor, thus allows to set the foausthe GV-temperature-correlation.
The average of local R?2 of GWR-processing is betit@n of other biotope-classes
(compare chapter 4.3.2 on GWR and Table 17). Thesfqgroup-8) GWR-values are
indicating well explaining data.

170 digital elevation model DEM, digital surfaceadel: DSM
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Settlements and other artificial special structures

Separated processing for the group 12-biotopeslefsents) is generally indicating
their relevance (OLR rank 3, GWR rank 1) whichnigegard of possible measurements
based on the study results (heat-adaptation wabrgrof high interest. A lot of artificial
influences can disturb the used green-volume-estgnae.g. watering, excessive
cultivation (see above). There are prominent sasnpfeunder- and overestimating the
temperature-influencing factors (GV, VG...).

Hotter then expected are:sport-grounds and distance-green space — mobt tikes to
intensive green-care and for hotter situationsitifleence of neighbour biotopes (e.g.
hot streets). Modern city-centres are hotter thgeeted, may be because of building
and construction- influences, primarily provokeccambination with high soil sealing.
Dense settlement and specifically industry-areasb&aindicated as well. They shall be
addressed, today showing very little green and b@hsealing (compare Picture 33 f —
orange areas and see about the “general phenomeBentlen, Jan and Riegel,
Christoph, 2012 () and Greiving Stefan et al., 2691 They can be defined as risk areas
to adapt to hotter living conditions, many peopdénly active there during daytime.

Both directions: Dense settlements occur because of effects ofs@iqoand resulting
cooling or heating of buildings and environmenteTimfluences behind were not
detected as part of the present study and neearcbséor other influences (some
explanations, se e.g.: Greiving Stefan et al., 0Baumdtiller, Nicole, 2012).

Cooler then expectedare Castles may be due to good embedding withtatge or
watering or another aspects like exposition andigdeg construction (copying
Mediterranean design).

Bound and free water:

Above is mentioned that for intensive agricultuaeaple land, acres, grassland) the day-
time-hotness of the structures is a most-likelynsfigr unsustainable conditions and
absence of bound water (Pokorny, Jan, 2010 (), Kwé Milena, 2011). GV and VG
as indicators were not covering those influences.

The less good OLR-results (0.626 compared to 0.68%®n excluding water bodies
contrary to results, achieved before outlier-déd@ctand introduction of further
variables, showed the effect of alternative implatad variables (13-16: see chapter 4
and 3). Water-bodies are addressed and explaindd thve indicators 3-6 that the

regression is more optimized, then that water-mdawuld be still weakening the

1 with English summary!




regression-results. Wooden vegetation then tendslkd water within the vegetation
more than the shrub- and grass-vegetation or ciidpslast tend to loose bound water
when hotter temperatures and harvest-time comee.cldise same counts for lawns
(more beyond). The water is assisting cooling tin@renment (Kragik Michal et al.,
2007).

Other effects (and more on water):

After OLR-processing some few areas with higher Stdev were remaining in the
dataset which are all indicating specific land-udlrences (artificial influences)
looking at the biotope-code already. They couldabldressed with further research.
Special interest could be given to moors and swaduesto that they may of special
interest in regard of climate-change beside adaptatifluence, when intact (having
enough water / wetnes$ :(Wichtmann, Wendelin and Haberl, Andreas, 201&fye
Integriertes Klimaschutzkonzept fur die Landeshsigolt Potsdam, 2010).

This is a statement to use the additional varialdidé specifically when addressing the
whole data-set and when not concentrating spetifican the value of green-volume
and may be soil-sealing as it is the main aim «f Work. Some of the GWR-results
contradicted OLR-results or focusing on larger syegving space for further research
(see chapter 4), where a further research regadatgr-influences in the direction of
indicators 3-6 could help.

The Clustering was suggesting bordering water-amftes. Not to forget the cooler
areas in regard of always included bigger watendsdalmost in their centre.
Additional this may be indicating relief-influencas well (Northwest), addressing low-
land (depression).

* Global influence leading to patterns where
» around water conditions are cooler then the aveegaggéonment
* in settlement-areas where with increasing densiyl @apace covered
conditions tend to be even hotter- then model-ebguedigger settlement-
areas are even influencing smaller water bodieéethotter then expected
The effect is known from bigger agglomerations wehgpatial planning is addressing

the effects (e.g. Berlin STEP-Klima 2012, pages:1&EO-NET Umweltconsulting

GmbH, 2011() and (Brandl et al., 2010). Then a ngtwbal influence in the respective
direction can be expected (settlements provokingndss and lakes and forest
provoking cooling from width of 1km-1.5km and biggenwards). It seems that bigger

172 Compare recent study wichtmann joosten 20itp://www.potsdam.de/sites/default/files/documérgisfaden-
Paludikultur 2012.12 21%5B1%5D.palfid unpublished 2014 using the sample of Potsdam
“Koordinierungsstelle KlimaschutzKoordinierungsstelle-Klimaschutz@rathaus.potsdam.de
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homogeneous areas are influencing smaller onceedRas from which space onwards
covered with similar structures a more global iaflae in the respective direction can

be expected or not would be of interest.

5.4 General patterns — independent variables —
indicators towards further steps

Biotope-information assists to identify local spiesi. Water and other land-use specific
influences can assist green-volume-effects redueingperatures. When combined as in
the Arabic and Mediterranean gardens, where wataften part of the gardens, it's
cooling the local environment (Baumdiller, Nicole)12). For spatial planning, this
leads to the question or even concept of avaitgbdf water as cooling effect in

combination with green.

The in the introduction postulated limitation ofpesially trees on public and open
spaces, to allow faster cooling at night isn’'t getlg advised, reflecting the results of
the analyses and shall be limited to cold-air-ixd&reas, which have a special role to
guarantee a change of air in settlement-areasgs)dpllsides, lakes, riverbeds...). If
those steps are to be gone, focus could be onvaigecooler environments (e.g. lake,
meadow- and forest-surroundings). The guide linald/de to address local specifics to
produce locally to climate-change adopted enviromsiee.g. local wind-exchange-
systems ... (Baumduller, Nicole and Baumdller, JUrg€1,0).

From which point onwards one could speak of relegaf green influencing

temperatures was described above. Many factors cardributing to influence

temperatures. Reflecting the study-results, eslheciaoden vegetation is effective,
even when other vegetation is contributing as walboden vegetation is as well
holding the water most likely for longer periodsnhother vegetation (“is sustainable”).
An estimate to define a potential to adapt to gslemperatures with vegetation (GV)
and to calculate rising risk (VG) was given, butede further reflexion. VG is a risk
factor, reflecting the present research, which seedther attention addressing local

specifics.

The summarizing of data like in Manchester helps diefine corner-points for
development addressing effects for climate adagtioh-risk.

Local patterns can vary a lot but still the direntito understand and address
circumstances counts (GV hindering warming, VG @asing heat). Possible indicators
to identify general or better regional potentiadssé been presented here with VG and
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GV. The biotope-structures can assist to specisiidte local demands and potentials —
including water. Potsdam spatial planning couldadtot of benefit, proceeding with
systematic steps to address climate adaption as slastessfully at other places as well
(e.g. Lenk, Thomas et al., 2008(), (Frommer, Batel Schlipf, Sonja, 2008 (), Lang
Markus, 2012)(Baumdller, Nicole, 2012). In someaar®f spatial planning Potsdam
was pushing hard to implement more green into wgrkand industrial environments.
This track needs to be followed when those strestshall be sustainable for the future
— ready for climate change — in the coming yearg bwbenefiting on top as well of
experiences of other communities like Aachen as giathe ExWoSt-project (Benden,
Jan and Riegel, Christoph, 2012). Aspects addmgsgiter management and keeping it
save within the settlement areas shall not beokeftthan (Fink, Johanna, etal., 2012).

This will benefit and stabilize green (temperathrgfering) structures as well.
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Annex

Annex chapter 1:

Biotope-Class (Béll?ass COUNT |MEAN_Area|MIN_Area [MAX_Area |RANGE_Area|SUM_Area
No.

Eg’o‘l’;ing open water- |, 27500 3213000  31.11] 1894990.9% 1894959.83 8835752.45
S;":‘j%/”a”t open water- | g, 342.00 2839372  12.45 2124433.45 212442100 9710652.98
Bare-soil (Veg.-free) | 03 771.00  4288.15 3.3 25256348 252560.16 3306164.7p
Moor and Swamp 04 290.00  9503.48 350 139762.15  139758.65 2756008.3D
Grassland and pasture| 05 2511.00 12114.238 6.03 295968.21  295962.18 30418829.7P
Heather 06 19.0 4150171 2961.44 225708.08 22274659 788532.49
Woods ("bushes”) 07 178000 4193.67  14.79 323991.68  323976.86 7464732.3D
Wood and Forest 08 3627/00 13743.1%  1.84 315786.94 315785.1p 49846366.94
Fields and farmland | 09 45300 60510.88  28.00 835681.18  835653.18 27411426.67
Green space and parkg 10 1549.00 4721.14 5.66 48219.35 48213.69 7313043.51
Special landuse 1 3500 8047.32 6234 7077441  70712.07 281656.08
Settlement 12 6623.00  6049.68 0.00 755664.4]1  755664.4] 40067053.25
SUM 18275.0(

me 18766.4 2124433.4 188200219.57
ha 1.8¢ 212.47 18820.02
km? 0.0 2.12 188.24

Table 18: Biotope-classes of Potsdam — core-values

104




B & ME. Signifikanz: =99.9% MK Signifikanz: =95% Mittel 1961-1990: 173 °C
Iip lin.Regr. m: 0.01 °C lin.Regr. m:0.02 °C Mittel 1984-2013: 18.3°C
@
=
£ &
1]
52
E L ° a® a °
E®- ey
[=] oy O a o = A -
Bt T s
E(ﬂ'_ . ﬂn a a o °
= a @ ot a
=, ° g
T TTT T T T T TT TOTTT T TTI T T T T T OO T T T TR IR T T T TRITT T T TOAOT T T I TR T TOIOT T IOTOTOTOT
1893 1901 1908 1917 1925 1933 1941 1949 1957 1965 1973 1981 1989 1997 2005 2013
Jahr
— WK Signifikanz: >80% hittel 1961-1980: 441 mm
& inRegr. m:-0.33 mm Mittel 1954-2013: 308 mm
<
o 5
E
E
3
b 2
= ‘
o '\t
: i ¥R S SN SN I
=N f
=]
=
\H I
z | \ | il | |
o _ T | 1
TTT T T T T T T T T T T T T T T T T T T I T T T T I T T T I T T T T T T T T T T T T T I T I T T T T T T T T ITTT]
1893 1801 1908 1917 1935 1933 1841 1949 1957 1985 1873 1881 1880 1997 2005 2013
Jahr
P i< Sianifikarz: >39 5% MK Signifikanz: >85% Mittel 1961-1940° & 4 dia
%"‘" lin.Regr. m: 0.05 d/a lin.Regr. m:0.1 dfa Mittel 1994-2013: 12.4 dfa
S g
CN_
-
i) ‘ L
g, | ‘ I | ‘ ' || """""
N FeE=A TR TR T T
“-HHHH H\H \\ \
o I, \H ||\||\ |
I A I R TTTT r1|||r|||||r||1|||L|||r||1|||r|1|
1893 1901 1909 1917 1925 1933 194 1949 1957 1965 1973 1981 1989 1997 2005 2013
Jahr

Picture 34: first results of research regarding noéite-developmentfor Potsdam (Lideke and
Walther, 2014)
1. Median (Mittel) summer-temperatures for a spegiéar (Jahr) with rising tendency
2. rainfall sums (Niederschlagssumme) April for a $fpegear (Jahr) with declining
tendency
3. number of hot days (Anzahl der heil3en Tage) par(ahr) with increasing tendency

Annex chapter 2:

Data files and names as described in “README.GTE added to every scene-
download of NASA (GEOTIF-levell -product). Furthiefo: NASA 2013: Landsat 7
Science Data Users Handbook (USGS U.S. Geologicale$, NASA, 2013a)
Additional in the USGS - documentations and speatiibns regarding the provision of
Landsat-images.(USGS U.S. Geological Survey, NABA,3b)
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Picture 35: missions on surface-temperature CEOS

173 CEOS the Committee on Earth Observation Satellites:28:13/14: Missions on surface temperatures —agda
CEQS, 2013)
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Annex chapter 3:

Indicator 6 (16) — Biotopes: Biotope-codes usedpsging influences regarding temperature-

data after detecting OLR-deviation (processingestaased only on 11 and 12)

Biotope-code Biotopes (groupes) Factor — Value
01 Flowing open water-body -100
Q1 *** *tr* Fallen dry 50
02 Stagnant open water-body -100
Q2 *** * tr * Fallen dry 50
0310*** Vegetation-free / bare-soil 50
03 ** 1 ** dry habitat 75
03 **3 ** wet habitat -25
04 Moor and Swamp -50
Q5 ** 1 **** Grass and shrubs-dry 25
Q5 ** 3 ** ** Grass and shrubs-wet -25
0515 Intensive grass 25
05151 ***x* Intensive Grass dry 30
05152 ** ** Intensive Grass moistures 20
05153 **** Intensive Grass wet 10
0516 pasture 25
05161 ***x* pasture dry 30
05162 ***x* pasture moistures 20
05163 **** pasture wet 10
06101 *** heather-adry* 25
07103 * Wet woods (willows¥® -25
08 Wood and Forest

0810**** Car / fen-wood -25
0811** alder / ash - meadow -25
0812** poplar / willow - softwood-meadow -25
0813 ** Oak / elm - hardwood-meadow -25
08261~ Cleared woodland / reforestation - dry 50
08263 * Cleared woodland / reforestation - wet -25
08281~ Pioneer-forest - dry 25
08283 * Pioneer-forest - wet -25
I*_{%ULN/NL kG Forest wet chracteristic -25
L7* Black alder -25
Checked but left out:

0810*e** drained 25
0913 *** field 25
09.13.1 Intensive used field 25
1123 **** sewage-farm -25
*ri Idle - left open sewage-farm -25
12 Settlement / Industry 25
1226 Harbour / port -25

Table 19:Indicator 6 (16) — Biotopes

174 Others e.g. wet (**3* *) not mapped in Potsddersitory
1750thers e.g. dry (**1* *) not part of coding

176'L": leaf-tree, 'N': conifer




Annex chapter 4.

Local Moran's | (LMi) values

Legend
LMi ZScore

Bl -0
2.0t0-1.0
-1.0t0 1.0
1.0t0 2.0

20

Picture 36:Local Moran | — Z-score map Potsdam (Border-aredh Vittle score)
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First OLR-results before and after outlier-detecton

Biotope-Class Green-volume m¥m? GVZ10 |Soi-sealing % VG10 surface Temperature °C StdDeV OLRY"| GWR'8
GROUPE | FREQUENCY|Mean | Min | MAx | Range [Mean | Min | MAx |Range |Mean | Min | MAXx | Range [Mean | Min | MAx | Range | R?-adjuste R?-adjuste
01 704 1.28| 0.00 6.86 6.86 0.00( 0.00 0.00 0.00| 2461 2220 3463 1243 -051| -3.40| 4.67 8.07

02 792 2.23] 0.01] 14.00 13.99 0.01| 0.00 3.60 3.60| 2496| 2191] 3329 11.38) -0.40| -294| 5.22 8.16)

03 2186 3.18 0.00, 17.400 17.40f 9.42| 0.00, 97.400 97.40 30.97 24.97 36.66f 11.69 -0.33 -3.47| 3.11 6.58 0.215 0.403
04 540 3.93] 0.05 14.26 14.21] 0.13| 0.00 12.60 12.60, 26.02 23.45 33.33 9.88 -0.79| -2.83 3.73 6.56 0.23 0.365
05 7279 2.97| 0.00 14.94  14.94 2.34| 0.00, 74.800 74.80 30.12 23.59 38.25 14.66 0.05 -3.57| 4.23 7.81 0.149 0.397
06 53 2.89 0.30 7.53 7.23 0.07| 0.00, 0.30 0.30] 29.27] 26.95 34.01 7.07, -0.53| -2.07| 1.93 4.00 0.355 0.355
07 5213 9.24{ 0.14| 19.73 19.59] 4.38| 0.00, 65.400 65.40 29.28 22.52 3592 1340 0.62] -2.92| 4.12 7.04 0.756 0.396
08 10272 13.16) 0.49] 23.34 22.85 0.93| 0.00] 48.30 48.30| 27.01 21.84| 34.14 12.30 -0.06| -3.32| 3.46 6.78 0.194 0.44
09 1981 0.88 0.00] 5.47 547 2.05 0.00 88.700 88.70 30.52 25.02 35.69 10.67] -0.09| -2.75 2.92 5.67 0.075 0.235
10 6229 3.59 0.09] 17.67/ 17.58 18.65 0.00, 100.00 100.00 30.93 23.59 38.83 15.24 0.38 -2.98/ 4.05 7.03 0.192 0.477
11 96| 3.25 0.80| 6.48 5.68| 2.25| 0.00] 19.40 19.40 31.78 27.41 34.25 6.84 0.83| -2.07| 2.05 4.11 0.038 0.397
12 32412 3.11| 0.00[ 17.19  17.19 47.73| 0.00] 100.0 100.00 31.12) 24.25 39.12 14.87 -0.10| -3.90, 4.60 8.51] 0.353 0.537

Table 20: Data-spectrum Biotope-Classes and Regnegsocessing with added values of biotope-clagmeated OLR and GWR-processtvgore outlier-detection

1 Flowing water-bodies

7 bushes and woods

2 Standing water-bodies

3 bare soil / brown fields

4 marshland swamp

5 grassland and meado¥$

6 Hay + shrubs

8 Forests

9 Acres — agriculture

10 parks and open spaces
11 special biotopes

12 settlements

177 OLRQOrdinaryL east squarRegression
178 GWRGeographicalywVeightedRegression
179 incl. argicultural grass-land




Biotope VG Surface-Temperature °C

Class FREQ. MEAN MIN MAX RANGE MEAN MIN MAX RANGE MEAN MIN MAX RANGE

03 2105 3.14 0.00 17.40 17.40 9.57 0.00 97.40 97.40 31.08 24.97 36.66 11.68
04 538 3.94 0.05 14.26 14.21 0.13 0.00 12.60 12.60 26.020 23.45 33.33 9.88
05 5601 3.16 0.00 14.94 14.94 2.30 0.00 71.40 71.40 30.03 24.26 34.01 9.75
06 53 2.89 0.30 7.53 7.23 0.07 0.00 0.30 0.30 29.27 26.95 34.01 7.07
07 5196 9.24 0.14 19.73 19.59 4.37 0.00 65.40 65.40 29.27| 22.52 35.92 13.40
08 10178 13.22 0.65 23.34 22.69 0.94 0.00 48.30 48.30 27.00] 21.84 34.14 12.30
09 1438 0.97 0.00 5.47 5.47 2.02 0.00 88.70 88.70 30.59 26.57 33.81 7.24
10 5960 3.62 0.11 17.67 17.56 18.19 0.00 100.0Q 100.09 30.84 23.59 37.46 13.87
11 96 3.25 0.80 6.48 5.68 2.25 0.00 19.40 19.40 31.78 27.41 34.25 6.84
12 17844 2.35 0.00 14.07 14.07 42.80 0.00 100.0d 100.0d 31.60] 24.29 39.12 14.87

Table 21; Biotope-Classeafter OLR-processing and outlier-detection™(§tep) regarding key-variables:

Biotope-classes:
1 Flowing water-bodies

2 Standing water-bodies

3 bare soil / brown fields

4 marshland swamp

5 grassland and meadow8
6 Hay + shrubs

7 bushes and woods

8 Forests

9 Acres — agriculture

10 parks and open spaces

11 special biotopes

12 settlements

180 incl. argicultural grass-land
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Results after OLR-processing and outlier-detection:
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Picture 37: Data-spectrum Biotope-Classes lookihgaaiables gvz (green-volume), vg (soil-sealimy@an6l 62 (temperature °C)
(graphs produced after8processing-step) highlighting the conditions oVigdark-blue) compared to group-specific condiofransparent-green).
For group-numbers/ biotope-classes (gruppe 10:1sE2 one page above 1-12!
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Picture 39: graph of green-volume (green dots) émchperaturecorrelation with added mei

values of soil sealing (red triangle-dots) - ESR@GIS10-graph
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Picture 38; graph of green-volume (gvz10) and tenamppee(mean) °C correlation with adde
sample number (frequency) as dot-sizes. - IBM-SP&§3r
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Picture 40: graph of soil-sealing (green dots) aethperature-correlation with added regression-
function soil sealing-temperature-correlation (dres standing for frequencies) - IBM-SPSS-
graph
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