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Executive summary

EXECUTIVE SUMMARY

This report describes the modelling of narrative-based scenarios for green-blue interventions,
e.g., construction of urban parks, or the planting of street trees, in HuJ/]. The modelling work is
conducted at the spatial scale of the city level. The methodology used for modelling
interventions corresponds to a multilayer GIS-based approach, that is put into operation
through a specifically developed toolbox. The devised tools form a toolchain to express the
suitability of spatial entities for given interventions, and to model the allocation of space for
implementing green-blue entities, based on a set of comparatively simple rules to reflect on
scenario-specific assumptions and (green-blue element design) parameters. The outputs
produced allow a reflection of potential pathways for a greener HuJ], including a discussion on
the feasibility of policy goals and on ways to achieve such goals. In so doing, the described
work provides means of exploring different greening strategies, e.g., in the context of policy
development and the support of planning and decision-making. It also provides the basis for
further modelling, i.e., the subsequent assessment of impacts and ecosystem services
delivered, and accordingly, the modelling of ecosystem services supply-and-demand.

KEYWORDS

narrative; scenario; greening interventions; city-scale; multilayer GIS approach; toolbox; virtual
allocation of intervention
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The work described in this deliverable elaborates the modelling of green-blue infrastructure
(GBI) interventions in HuJ] city as a form of nature-based solutions (NBS). Green-blue
interventions include, e.g., the construction of (pocket) parks or afforestation action (so-called
path-level interventions), the planting of street trees or the construction of green verges or
bioswales (so-called interventions at the street-level), or so-called selective actions such as
the greening of balconies, facades and roofs, the creation of house gardens, or the
improvement of amenities in existing green spaces, i.e., interventions that represent very local
actions, or actions that may be represented rather as an a-spatial, qualitative characteristic,
instead of a spatial outcome.

The modelling of interventions is conducted at the spatial scale of the city-level, i.e., for the
complete case study area, and is, first, intended to allow an exploration and discussion of
different pathways for a greener city of HuJ]. Second, results of the modelling process provide
the basis for an assessment of benefits provided by the proposed interventions (impact
assessment), and subsequently, an assessment of ecosystem services supply-and-demand.
Third, findings may be fed into the Green City Lab HuJ] for discussion amongst and obtaining
feedback from local stakeholders and the public and are intended to support the development
of the Green City Vision HuY.

The described work is basedonvar i ous findings from the p
the devised GBI typology, the narratives, and the tentative scenarios developed previously.
Various data used for the modelling has also been acquired and initially processed during the
definition phase (Figure 1).

The scenarios considered in this report include a business-as-usual scenario for determining
status-quo (2019) and baseline/business-as-usual conditions (scenario A); a scenario
describing comparatively small-scale improvements (scenario B); a scenario detailing more
ambitious, moderate to larger-scale improvements (scenario C); and a scenario with extensive,
large-scale interventions as a sort of utopia (scenario D). These scenarios form a gradient of
anincreasing fidegr egie., foin scenario eBr to ©n increasmgly larger
interventions that are reflective of increasingly ambitious policy goalsd e.g., regarding desired
land-use conversions/greening interventions to be achievedd are being proposed. Due to
preferences of local partners and stakeholders, the modelling of interventions is closely aligned
with Hu/J6 s  Juserpldn for 2030. Therefore, the proposed modelling process carefully
considers the changes in land-cover and/or land-use that result from foreseen urban
development, or that may result from a re-development of urban areas, as expressed in the
urban plan for 2030. In this regard, the proposed scenarios consider certain changes, such as
the development of new built-up land, as particularly providing opportunities for the
implementation of NBS. Moreover, the various GBI elements proposed in the different
scenarios consider the perceived popularity of certain green or blue spaces, as laid out by
stakeholders in the definition phase.

In the following, the methodology developed and its implementation to put the modelling of
interventions into operation is described in more detail. Subsequently, the application of this
methodology, i.e., the translation of the proposed scenarios Ai D into quantitative models is
presented, and the modelling results examined and discussed.

roject
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A 4
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initial processing pre-processing modelling
Spatialization of scenarios
Definition phase Research and development phase

Figure 1. Overview of the work conducted in WP1 during the research and development phase, and relationship to
work conducted previously in the definition phase.

There are various approaches to the modelling of land-use change, and for translating
narratives into quantitative models (Mallampalli et al., 2016). Probabilistic land-use change
models, e.g., implemented through grid-based cellular automata (Santé et al., 2010), and
employing, e.g., random forests, artificial neural networks, Markov Chains or support vector
machines, are adopted to assess and predict land-use transitions (Bielecka, 2020). Generally,
such approaches require land-use data for several time steps as training data and for
calibration and validation, and predict land-uses as a function of observed land-use changes
as part of training. Often though, trained or predicted land-use classes are comparatively
coarse both spatially and thematically, i.e., differentiating only between few types of built-up
land and (semi-)natural vegetation such as green spaces or forests. Such coarse
classifications of simple grid-based models are sufficient to analyse and predict urbanization
patterns at urban or regional scales, and may suitably represent the patch-level interventions
proposed here. However, more local interventions such as the proposed selective actions, or
street-level interventions, may not be well-represented or reproducible, particularly due to
spatial resolution and/or a mismatch of the spatial resolution of model, training/validation data,
and type of proposed intervention, or an overall scarcity of suitable data. Such data scarcity is
also prohibitive for the adoption of advanced models that determine land-use changes based
also on driving forces, e.g., SLEUTH (Liu et al., 2019).

Therefore, a modelling approach is required that allows for a more fine-grained representation
of land-uses/land-use changes across differing spatial scales also under comparatively limited
data availability. GIS-based modelling approaches allow such more-detailed assessments,
typically based on land-use change rules that translate verbal, qualitative information into (if-
then-else) instructions or rules for the actual modelling, governing land-use changes (often)
deterministically, but also probabilistically, or at random (Kain et al., 2016; Larondelle et al.,
2016). Rules may be adapted to the level of available information/data, as needed. In addition,
multilayer GIS approaches facilitate incorporating different types of ancillary data, e.g.,
planning zones, into the modelling process.

Here, such a rule-based, multilayer GIS approach is implemented (Figure 1). In so doing, a
methodology is tailored to meet the following needs: (i) align closely to the urban plan for 2030;
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(i) allow for limited availability and accuracy of data; (iii) model NBS interventions at differing
spatial scales; and, simultaneously, (iv) model NBS interventions in a quantitatively manner,
i.e., as spatial entities, or rather qualitatively, based on a set of rules. These rules reflect on
characteristics, assumptions and traits of interventions, considering: (i) attributes related to the
GBI elements proposed for implementation, i.e., related to the type of action to be taken,
including, e.g., physical properties (size/spatial footprint); (ii) spatial attributes, e.g., to define
target zones for interventions, or to rank/prioritise areas for intervention as a function of, e.g.,
local environmental or spatial conditions; and (iii) policy goals, that define, e.g., greening rates
to be achieved, and that thus indicate conditions of success, or, respectively, failure. For ease
of use, rules are provided in the form of spreadsheets.

Consequently, using such rules, the qualitative, narrative-related scenarios are translated into
instructions for the quantitative or qualitative modelling of NBS actions (Figure 2). Similar to
established approaches, the proposed methodology seeks to model the suitability of spatial
entities (features) to accommodate certain NBS interventions, and subsequently, proposes
areas for intervention as part of what is referred to as allocation modelling. Here, allocation
may refer to a land-use change of certain extent as the result of a specific intervention, e.g.,
afforestation, thus denoting a quantitative outcome (Figure 2). However, an outcome of
allocation modelling may also be to designate target zones for improvements such as the

|3

greening of balconies, andt her ef or e, spatial |l y i nnipleroeating n g

certain NBS actions to inform decision-making and planning in a more qualitative manner.
Overall, allocation modelling informs on the types of interventions considered, their quality,
number, location, and, whenever feasible, extent (size/area, length).

Rule-based scenario Suitability modelling Allocation modelling
implementation

Specification of target zones Identification of features Rule-based suggestion
for an intervention (here, that are considered suitable (proposal, allocation) of

outlined), e.g., on the basis to accommodate an areas for the

of land-uses, specification of intervention of a specific implementation of an

intervention characteristics spatial footprint (size, intervention, i.e.,

(spatial footprint/size) extent) identification and ranking of

suitable areas within
specified target zone

Figure 2. Modelling process example. Rules translate scenarios into modelling instructions, e.g., defining target
zones for interventions, and the interventions themselves (left). Based on these rules, the suitability of spatial
entities is modelled (middle), and subsequently, suitable features from the target zones are identified, ranked, and
areas for the implementation of interventions proposed, i.e., allocated (right).
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The proposed methodology to spatialize scenarios is put into operation in the form of a Python
toolbox for ArcGIS Pro version 2.8. The various methodological steps as shown in Figure 1
are described below in more detail.

2.1 Data pre-processing

As outlined previously, the proposed methodology is designed to allow for scarce data, with
potentially limited data accuracy. Therefore, the minimum data required is only two land-use
datasets (of polygon geometry type) for two individual points in time. There is no strict
requirement regarding the level of detail of the included land-use categories, or land cover,
respectively, however, the highest level of differentiation between types of built-up land,
including transportation, and (semi-)natural areas, is desirable. In addition to these datasets
required at minimum, further ancillary data may be included when available, or as deemed
necessary.

In a two-step process, the required two land-use datasets are combined into an integrated,
synoptic dataset for the further modelling as follows (Figure 3): First, through the spatial
intersection of both datasets, a matrix of observed land-use changes is compiled in the form
of an Excel spreadsheet. In the spreadsheet, land-uses, and land-use changes, respectively,
may be edited/recategorized, or grouped by the modeller as needed. In so doing, also
restrictions on land-use changes may be imposed as needed. Second, based on this land-use
change matrix, an integrated dataset, i.e., a change layer, is generated, that depicts the
observed land-use changes between the two different time steps. If ancillary data is included
by the modeller, it is intersected with the change layer to obtain the augmented change layer.

Importantly, regarding the implementation of NBS, it is precisely these changes in land-use
that are considered to provide certain opportunities for NBS action, but that may also pose
barriers. For example, the re-development of built-up land to new uses is considered to provide
ample potential for the realization of NBS. However, in contrast, the absence of change may
be a limiting factor and/or hindrance for the realization of particularly larger NBS.

Modification as
needed

CSLTEEEI::;?-}L\J;E Landuse CUWPIEQC:\E“QE ‘Eﬁg'if; 8 Augmented
Age mairi nter:
(Intersect) change matrix (intersect) (change) layer (Intersect) layer

Tool-based augmentation

Urban master
plan 2030 ,
Land-use
2019

. Functional
Ancillary z0nes
data

Figure 3. Initial pre-processing of land-use (patch-level) data to obtain an integrated patch-level dataset for
modelling and analysis. The integrated dataset holds anticipated land-uses for the second time step and designates
land-use changes likely to occur between the former and the latter time steps.

Required
data

The (augmented) change layer provides the basis for the modelling of patch-level interventions
or selective actions bound to certain land-uses, or target zones, respectively. Additionally, a

1 Most recent version at the time of writing of this report.
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road layer (of line geometry type) may be generated from the integrated change layer for the
modelling of interventions at the street level, in case no dedicated road layer is available for
the case study area. The corresponding algorithm implemented to derive such road features
from the polygon land-use data is shown in Figure 4.

Integrated
land-use
(change) layer

Extract polygons with
land-use
transportation

GCreate road
outlines
(Feature To Line)

Determine widths at
generated points
(Near analysis)

Dissolve extracted
pelygons
Create center lines
Buﬂe{;lms;:‘:ved Patygon 1o
pelygons centerling)

Add unique
identifiers

Generate points along
center ines

Average
widths over all

Assess
road widths

Suitability layer
for roads

generated points

Figure 4. Workflow for the classification of roads based on modelled road with. Polygon data comprising
transportation land (transportation infrastructure) is extracted from the integrated land-use (change) layer, and
subsequently processed so that a center line of road polygons is created, as well as their outline. Unique identifiers
are assigned to each center line. Subsequently, points are generated along each center line, and at each point
location, the half width of each road is determined as the (perpendicular) distance between the center line point and
road outline. The road width is then determined as the average of half widths for all center points of a road segment,
multiplied by two to get the full width.

2.2 Rule-based scenario implementation (rule formulation)

As described earlier, rules are used to translate narrative scenarios into modelling
parameters/instructions and input values, thereby also reflecting on intervention
characteristics, local conditions, and policy goals. In so doing, rules formulation also reflects
on certain opportunities or barriers to NBS implementation, and may consider the popularity of
GBI elements through choice and order or rule specification.

The set of rules for the proposed methodology requires the following information and/or rules
to be specified for each proposed NBS intervention: (i) designation; (ii) a so-called spatial
footprint, reflecting on the intended size or spatial constraints of the proposed NBS action; (iii)
a prioritization rule; and (iv) a stop (success) condition.

The designation is a brief label or identifier that is used to refer to the intervention in question.
It is also used to establish a link between the modelled intervention with descriptive texts that
narrate the intervention qualitatively. Spatial footprint conceptually denotes the applicable
spatial scale of a given intervention, ranging, e.g., from local interventions or selective actions
to small interventions such as pocket park, to larger actions such as creating large urban parks
or afforestation. Consequently, spatial footprint is an indication of the desired size of the
intervention, thus injecting a quantitative metric, or conversely, it is an indication of the patch
space needed for a given NBS implementation, thus injecting a means to express spatial
constraints to determine suitability. In case of patch-level interventions, spatial footprint
conceptually refers to feature area, i.e., patch size, whereas for street-level interventions, it
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conceptually refers to road width. As part of the modelling process, the conceptual notion of
spatial footprint needs to be linked to more specific patch sizes (feature area).

The spatial selection rule denotes spatially the desired target zones for a given intervention,
i.e., they result in a search space within which suitable locations for the implementation of NBS
shall be identified. This target zone, or search space, is expressed on the basis of spatial
attributes, as generated during data pre-processing. l.e., the spatial selection rule may refer to
land-uses or land-use changes, as contained in the integrated change layer, or may
additionally refer to attributes of ancillary data used to augment this change layer. Hence,
through the specification of a combination of land-uses, and/or land-use changes, and/or
ancillary attributes, the desired target zones for interventions are spatially defined. The spatial
selection rule corresponds to a SQL query string, i.e., simple value expressions in the form
variable = valu e (equality) or variable <> value (inequality). Logical operators (i.e.,
AND or OR may be used to combine several expressions.

Third, through a prioritization rule, features located within a target zone may be ranked, and
thus, priority areas for NBS action may be specified, e.g., also based on previous multi-criteria
evaluation or other methods (Meerow and Newell, 2017). Ranking may be based on a variety
of criteria, e.g., site-specific and/or patch-level metrics such as patch size, or patch shape. The
latter reflects on development potentials and opportunities for NBS development, as
particularly irregular shapes are considered more difficult for the development of built-up land
and may therefore provide better opportunities for implementing NBS (Kremer et al., 2013;
Miyawaki, 1998). In addition to development potential, the ranking of features may also be
based on ancillary attributes, e.g., distance to residential land (or other land-uses, therefore),
and/or the amount of available greenery. Supported prioritization rules are listed in Table 1.
Several rules may be combined in order as a list of rules, separated by semicolon, e.g.,
<rulel>;<rule2>;<rule3> , With rulel taking precedence over rule2, rule2 over rule3, etc.

Table 1. Overview of supported prioritization rules for the ranking of features.

Prioritization rule  Format Description

No prioritization select:none Do not prioritize features. Iterate over the complete set of patches
(features) as defined by the spatial selection rule, in the order of
digitization of features, until a stop condition (if any) is met.

Random order select:random Iterate over patches (features) as defined by the spatial selection rule
until a stop condition (if any) is met in a random order, i.e., order features
randomly.

Ascending order ascending:<variable> Order patches (features) in ascending order of the values of the

specified variable (shapefile field name), for iterating over the set until a
stop condition (if any) is met.

Descending order  descending:<variable> Order patches (features) in descending order of the values of the
specified variable (shapefile field name), for iterating over the set until a
stop condition (if any) is met.
Fourth, reflecting on policy goals and planning objectives, a stop (success) condition is
required. Stop conditions include, e.g., that a given share of land of the spatial target zone has
been fallocatedofor NBS, that a given number of NBS have been reached, or that certain area
thresholds are exceeded, e.g., a minimum area has been allocated to NBS. Supported stop
conditions are listed in Table 2. At the moment, only a single stop condition per intervention is
supported.
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Table 2. Overview of supported stop conditions.

Stop Format Description

condition

Feature feature_count:<value> Stop after a pre-defined number (total number) of patches (features) has
number been suggested for the implementation of NBS, when iterating over the
reached ranked feature subset as defined through the spatial selection rule.
Feature feature_percentage:<value> Stop after a pre-defined share (percentage) of patches (features) has
percentage been suggested for the implementation of NBS, when iterating over the
reached ranked feature subset as defined through the spatial selection rule.
Lower area area_lower_total:<value> Stop after a pre-defined area threshold has been reached. The area is
threshold computed through aggregating the areas of proposed NBS

reached implementations, when iterating over the patches (features) as defined

through the spatial selection rule. |.e., the corresponding spatial
footprints of NBS are aggregated, here, using the lower boundary of the
spatial footprint (cf.

Figure 13).
Mean area area_mean_total:<value> Similar to the lower area threshold stop condition, but using a mean
threshold value derived from the spatial footprint. This mean value is computed: (i)
reached as the mean value of both, the lower (fi,w) and the upper (f,,) boundary of

a given spatial footprint f; or (i) in the case where only a lower boundary
fiow is defined for a spatial footprint, but no upper boundary, then the
mean spatial footprint is derived from the average size of all patches with
a feature area Ofioy,.

Upper area area_upper_total:<value> Similar to the lower area threshold stop condition, but using the upper
threshold boundary of the spatial footprint.

reached

Lower area area_lower_percentage: Stop after a pre-defined area share threshold has been reached. The
share <value> threshold is computed through aggregating the areas of proposed NBS
threshold implementations, when iterating over the patches (features) as defined
reached through the spatial selection rule, relative to the total area as defined

through the spatial selection rule. The lower boundary of the spatial
footprint is used for this computation.

Mean area area_mean_percentage: Similar to the lower area share threshold stop condition, but using mean
share <value> of spatial footprints.

threshold

reached

Upper area area_upper_percentage: Similar to the lower area share threshold stop condition, but using upper
share <value> boundary of spatial footprints.

threshold

reached

Threshold threshold:<variable>=<value> Stop after a certain threshold has been reached. This threshold is

value reached computed by aggregating variable's values (shapefile field values) of

patches (features) considered for NBS implementation, when iterating
over the ranked patches (features) as defined through the spatial
selection rule. Using this rule, e.g., street segment lengths can be used
in contrast to area.
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2.3 Suitability modelling

The modelling, i.e., the determination of suitability, involves the evaluation of certain feature
properties. Suitability assessment is conducted on the basis of the integrated change layer for
patch-level interventions or for selective actions, and on the road layer for street-level
interventions.

As part of suitability modelling, the conceptual notion of spatial footprints must be linked to
more specific spatial thresholds. These thresholds may be chosen as a function of local
policies (e.g., policies stating that newly constructed urban green spaces shall have a certain
minimum size), design codes/building codes, however, thresholds may also be chosen based
on the analysis of previous land-use changes or planned land-use changes.

Patch suitability is determined by comparing specified spatial footprint thresholds (lower
threshold, and/or upper threshold, if any) with the size (feature area) of a given patch. The
suitability may be compared either close-ended (as a function of upper and lower threshold) or
open-ended (as a function of lower threshold only). An open-ended assessment is considered
most feasible, as features that meet the minimum size constraints of larger patches are
generally considered to also meet the size constraints of smaller patches (Figure 5). As
indicated in Figure 5, suitability may also be tied to land-used or land-use changes,
respectivelyd , therefore reflecting on opportunities and barriers for NBS implementation.
Consequently, certain land-uses or changes thereof may be deemed unsuitable, and thus be
excluded from further analysis by the modeller a-priori.

Feature size

Restrictions

(excluded
land-uses)
AEEEL Evaluate land-use/

land-use land-use change
(change) layer - g

Patch not excluded

<

i Minimum size Minimum size :

Assess paich Assess paich-level Suitability Iaye/ i (lowerthreshold) | (lower threshold) i :

(feature) size metrics Y for patches :  oflarge spatial | of small i

i footprint ; spatial footprint i

Spatial footprint T ' ‘
specification SO S 1| :

Figure 5. Workflow for the determination of feature (here, patch-level) suitability (left). On the right, the subsumption
of smaller footprints by larger ones is illustrated, i.e., patches meeting the suitability criteria (minimum feature size
constraints) of a large spatial footprint are considered to also meet the minimal criteria to accommodate smaller
spatial footprints.

For street-level interventions, suitability is assessed as a function of road/road segment width
(or possibly, length), as total road area is considered a less decisive factor in the evaluation of
suitability for actions such as tree planting etc.

For each assessed spatial footprint, suitability is then denoted in the shapefile attribute table
through a corresponding attribute, that is of Boolean type, indicating suitable (value=1) or not
suitable (value=0) features. Additionally, in case of patches, patch-level metrics may be
computed and stored to the output dataset, e.g., to enable prioritization rules to be based on
such metrics. The available metrics include the Perimeter-Area Ratio (PARA), the Shape Index
(SHAPE), and the Fractal Dimension Index (FRAC), and are computed as follows, where pj; is
equal to the perimeter (m) of patch ij, and where a; is equal to the area (m?) of the given patch
(MacGarigal and Marks, 1995):
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06'Yd— (Eq. 1)
Y00 0 O— (Eq. 2)
"0Yd 6 —— (Eq. 3)

PARA is a relatively simple measure of shape. SHAPE is equal to 1 for circular patches, with
SHAPE increasing for more irregular shapes, i.e., an increasing departure from the circular
form. FRAC approaches a value of 1 for comparatively regular shapes (circular, square), and
approaches a value of 2 for more irregular shapes (ibid.). Like above, for each computed
metric, an attribute is added to the shapefile attribute table.

2.4 Conflict modelling

Conflict modelling is an aspect sought to express conflicts/barriers, however, on a conceptual
level that is different from and additional to suitability as described above. Here, conflicts refer
to barriers to NBS implementation emerging from, or being imposed by the earlier
implementation of certain GBI elements at a given location. For example, proposing
afforestation action in a certain patch may result in the patch to be considered unsuitable to
accommodate subsequent types of interventions. Here, the order of modelling
implementations (in terms of earlier/former vs. later/subsequent) is a function of the order of
rules, thereby considering, e.g., feasibility or popularity of interventions. In the case that
restrictions and barriers emerging from imposing such order shall be considered, such conflicts
may be denoted in the form of a conflict matrix, as shown in Figure 6. However, conflict
modelling is entirely optional.

Intervention 1 Intervention 2 Intervention 3 Intervention ...
Intervention 1 C
Intervention 2 C

Intervention 3

Intervention ...

Figure 6. Exemplary conflict matrix. As shown, perceived conflicts between distinct interventions are denoted by
the letter "C".

2.5 Allocation modelling

Allocation modelling refers to the process of identifying suitable patches, or roads, respectively,
their ranking, and proposing NBS implementations until a stop condition, if any, is met (Figure
7). Typically, proposing, suggesting, considering or allocating? a feature for the implementation
of GBI element(s) would result in changing of land-uses or land-cover in the result dataset, or

2 These terms are used synonymously
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new geometries be constructed, and the total area of changes would quantitatively summarize
achieved conversion rates/total area of land converted to green space etc.

Here, due to the fact that interventions may be quantitative or more qualitative in nature, and
due to scale issues as described previously, a vifiual bookkeepingois implemented instead of
an actual re-classification of land-uses. In the case of patch-level interventions, this virtual
bookkeeping refers to tracking the total area of NBS fimplementedd as a function of spatial
footprint. In case of selective actions, for example the number of areas suggested for the
implementation of such actions may be tracked instead, and in case of street-level
interventions, the virtual bookkeeping may also refer to the total length of roads considered for
improvement. In so doing, the evaluation of proposed measures against policy goals, as
defined through stop conditions, is enabled.

The allocation modelling process is implemented as shown in Figure 7. As input data, the layer
created from suitability modelling must be provided. However, if needed, depending on
attributes referred to in rule formulation, ancillary data may also be included. However, in that
case, as geometries may change due to the underlying intersect operation, suitability will
automatically be re-evaluated.

Then, the formulated spatial selection and prioritization rules are translated into GIS queries
and filters/ordering instructions. Thereby, from all features of the input dataset, first, suitable
features are identified. The set of suitable features is subsequently narrowed down according
to the spatial selection rule, i.e., only features within the so-defined target zone are considered
further. The resulting feature set is subsequently re-ordered, and thus ranked, in accordance
with the stated prioritization rule (if any). In this ordered feature set, the top-most feature would
be considered the first feature suggested to accommodate a given intervention, i.e., where
action is suggested to be taken. If no prioritization rule is used, features may be processed in
arbitrary order. As shown in Figure 7, the (un-)ordered set of features is being iterated, as
follows:

(@ Evaluation of the stop condition;

(i) Evaluation of conflicts that may emerge from previously allocated interventions, if
the stop condition has not been met already;

(iii) Allocation in the absence of conflicts, i.e., virtual bookkeeping of NBS action, and
updating of the stop condition;

(iv) Feature flagging, i.e., writing the result to the shapefile attribute table.

As result of allocation modelling, for each feature, i.e., patch or road segment assessed, a flag
value is written to the shapefile attribute table that indicates the actual modelling result. As
shown in Table 3, this flag value indicates whether a feature falls under the suitability and
target zone criteria, has been prioritized, i.e., considered for NBS implementation, or whether
a conflict has been identified, etc. (Figure 8).
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Figure 7. Allocation modelling algorithm, i.e., the modelling of interventions based on a previous suitability
assessment.
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Table 3. Description of flag values indicating the result of allocation modelling at feature level.

Indication Flag value Description

Error condition -1 The allocation algorithm failed. The feature could not be processed. Some
error occurred in the script, possibly, input data was incorrect or missing.

Unsuitable entity 0 The feature has been evaluated as generally unsuitable for the given NBS
intervention.

Suitable entity 1 The feature has been evaluated as generally suitable for the proposed
intervention, e.g., as a function of spatial footprint. It is however not considered
for the given NBS intervention.

Entity in accordance 2 The feature has been evaluated to be generally suitable for the proposed

with the spatial selection intervention, and the feature is in accordance with the spatial selection rule,

rule i.e., it is part of the target zone/search space.

Conflict emerged related 30 The feature has been ranked, and was so ranked that it has generally been

to other intervention considered for NBS implementation. However, no action is proposed on the
patch as testing for conflicts resulted in a conflict with a previously suggested
intervention.

Conflict emerged related 31 The feature has been ranked, and was so ranked that it has generally been

to available space considered for NBS implementation. However, no action is proposed on the
patch as testing for conflicts resulted in a mismatch of available patch area due
to previously suggested interventions.

Prioritized entity 4 The feature has been ranked, and was so ranked that it is considered

(prioritized) for NBS intervention. In line with spatial footprint or other specified
criteria, it is counted towards the stop condition. The feature should be
inspected more closely for more-specific NBS planning.
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Unsuitable entity Entity in accordance with the
The feature has been evaluated spatial selection rule
as generally unsuitable for the The feature has been evaluated to be
given NBS intervention. ¢ N generally suitable for the proposed

» o intervention, and the feature is in
accordance with the spatial selection
rule, i.e., it is part of the target zone.

Suitable entity Prioritized entity
The feature has been evaluated The feature has been ranked, and was so
as generally suitable for the ranked that it is considered (prioritized) for

proposed intervention, e.g., as a NBS intervention. In line with spatial footprint Share of area to be converted (%) through afforestation action

function of spatial footprint. It is or other specified criteria, it is counted o

however not considered for the towards the stop condition. The feature 000 < p <025
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specific NBS planning. W 050 <p <100
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Figure 8. Visualization of exemplary outcomes of allocation modelling based on flag values. Features considered
unsuitable for the proposed intervention are shown in dark grey (unsuitable entity with flag value 0). Features
considered generally suitable, but being located outside of the target zone specified through the spatial selection
rule are shown in pale green (suitable entity with flag value 1). Features evaluated as suitable that are located
within the target zone are subsequently ranked and iterated, these are shown in either dark green or bright green
colour. The latter, bright green features are prioritized for NBS action, i.e., ranked-so that they are suggested
(proposed, allocated) for the implementation of a given intervention (prioritized entities with flag value 4). The
former, dark green features were so ranked that they were not considered for an implementation (entities in
accordance with the spatial selection rule with flag value 2), as the stop condition has already been met through
previous allocations (A). For the prioritized features considered for NBS action, the (virtual) allocation of space
results in a certain area of each feature to be considered for conversion, e.g., through afforestation action. This
area is a function of designated spatial footprints as expressed in the set of rules. For prioritized features, the
share (percentage) of feature area to be converted, i.e., used for the implementation of an intervention, can
subsequently be determined, and visualized accordingly (B).

| 13
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3.1 Data pre-processing

The integrated change layer for further analysis was derived from two land-use datasets, with
the first being effective for the year 2019, and the second outlining the urban planning for the
year 2030. Both land-use datasets were initially prepared during the definition phase and the
early research and development phase of the project.

The land-use data for 2019 was compiled from land-use data for Hu/], Huong Thuy, Huong
Tra, and Phu Vang (DONRE Thua Thien HuJ], 2019). It is used for representation of the status-
guo. The latter land-use dataset for 2030 corresponds the d.and Use Plan And Functional
Areas Plan 20300(cf. decision no. 649/QD-TTG?®), that was last updated in 2019. Therefore, it
represents intended future conditions, and is thus used to align scenario modelling to actual
urban master planning. Moreover, as this plan already foresees the implementation of various
GBI elements, it is also used to derive baseline/business-as-usual conditions (cf. scenario A).

In addition, as ancillary data, functional areas are considered. Functional areas indicate, e.g.,
the intentional preservation, renovation, or re-development of specific areas, or state areas
restricted from development (Figure 9) and are therefore considered to support the
identification of opportunities or prohibitive areas for NBS implementation (cf. decision no.
1271/QD-UBND from 13 June 20174). The land-uses contained in the integrated change layer,
augmented with ancillary data, and aligned with future planning, as well as the changes in
land-use from 2019 to 2030, were determined based on the land-use change matrix shown in
Table S 1 (cf. Figure 10).

3 Promulgated attached to the decision number: 649/QD-TTG on 5 June 2014: APPROVAL FOR
ADJUSTMENTS TO GENERAL PLANNING FOR HUE CITY TO 2030 AND A VISION TO 2050, The
Socialist Republic of Vietnam, Thua Thien Hue.

4 Decision number: 1271/QD-UBND on 13 June 2017: REGULATIONS FOR CONSTRUCTION
MANAGEMENT ACCORDING TO THE ADJUSTMENT SCHEME OF THE GENERAL PLANNING OF
HUE CITY TOWARDS 2030 AND VISION TO 2050. The Socialist Republic of Vietham, Thua Thien
Hue.

The Federal Mi nistry of Education and Research (BMBF) i s forsSosthinabifty't hi s

(FONA) www.fona.de/en i BMBF funding code: GreenCityLabHuJ] (01LE1910A1). The content of this document does not reflect the official opinion
of the Federal Ministry of Education and Research. Responsibility for the information and views expressed lies entirely with the author(s).

proje


https://www.fona.de/en

Implementation of the modelling approach for the city of HuJ] | 15

Figure 9. Functional areas ancillary data.
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