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Abstract 

The Air-temperature Response to Green/blue-infrastructure Evaluation Tool (TARGET) is a 

compact urban climate model designed to predict intra-urban temperatures and assess city 

cooling strategies. Until now, the lack of a user interface has limited its broader adoption. This 

study presents an open-source interface for TARGET, integrated within the Urban Multi-scale 

Environmental Predictor (UMEP) tool in QGIS. The interface supports a complete workflow, 

including input data preparation, simulation, and output visualisation. Its applicability is 

demonstrated through a case study in Zurich, Switzerland, where it identified thermal hotspots 

and quantified the cooling benefits of targeted interventions. By lowering technical barriers, 

UMEP-TARGET enhances the accessibility of physically based urban temperature modelling 

for both the scientific community and practitioners, supporting evidence-based planning for 

climate adaptation. 

Graphical abstract 

 

  

Jo
urn

al 
Pre-

pro
of



Highlights 

● Integration of TARGET urban climate model into the UMEP QGIS plugin 

● Developed user-friendly full workflow for data preparation, simulation, and visualisation 

● Case study in Zurich shows hotspot mapping and cooling intervention scenario analysis 

● Tool lowers technical barriers, enabling broader research and planning use 

● Open-source interface supports future extensions and community development 

 

Keywords: urban climate; urban heat; modelling; UMEP; TARGET; QGIS plugin; Python  

Jo
urn

al 
Pre-

pro
of



1. Introduction 

Cities worldwide are facing increasing challenges from extreme heat events, driven by the 

combined effects of global climate change and urbanisation (IPCC, 2023; Oke et al., 2017). 

High temperatures in densely built environments exacerbate heat stress (Kovats & Hajat, 2008), 

elevate risks to public health (Watts et al., 2018), and intensify energy demand for cooling 

(Santamouris, 2014). Urban heat is therefore not only an environmental concern but also a 

socio-economic and planning challenge (Stone, 2012). Developing effective mitigation 

strategies, such as expanding tree cover (Marando et al., 2022), irrigating green spaces (Cheung 

et al., 2022), or introducing water features (Jandaghian & Colombo, 2024), requires a 

quantitative understanding of the spatial and temporal variability of urban thermal conditions. 

Modelling tools capable of resolving intra-urban temperature patterns at fine spatial scales have 

thus become essential for evidence-based urban climate adaptation (Oke et al., 2017). 

High-resolution models, such as computational fluid dynamics (CFD)-based ENVI-met (Bruse 

& Fleer, 1998) or large-eddy-simulation frameworks like PALM-4U (Maronga et al., 2019), 

provide detailed representations of microclimate processes. However, their computational 

intensity and high expertise requirements make them less suitable for city-scale scenario testing. 

Mesoscale models such as Weather Research and Forecasting (WRF) (Skamarock et al., 2008) 

face similar challenges. Despite offering comprehensive meteorological capabilities, these 

models require substantial computational resources and specialised expertise and are often too 

coarse for intra-urban analysis. The Air-temperature Response to Green/blue-infrastructure 

Evaluation Tool (TARGET) (Broadbent et al., 2019) was designed to fill this gap by balancing 

physical realism with computational efficiency, making it accessible to practitioners who need 

timely information for planning decisions.  

TARGET simulates energy fluxes for key land cover types, including buildings, paved surfaces, 

vegetation, and water, while accounting for local canyon morphology and meteorological 
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forcing. Its computational efficiency makes it particularly suitable for scenario testing at 

neighbourhood to city scales, where users may wish to compare baseline conditions with 

alternative land cover configurations. The model has been successfully applied in both research 

and policy contexts to assess the cooling benefits of blue-green infrastructure (BGI), evaluate 

urban morphology effects, and explore adaptation strategies under heatwave conditions 

(Broadbent et al., 2019; Chen et al., 2024, 2025; Demuzere & Nice, 2025; Gupta et al., 2025; 

Nice et al. 2024; Urich & Harold, 2020). These studies have demonstrated TARGET’s ability 

to capture urban thermal contrasts and to provide robust insights into heat mitigation potential. 

Despite these strengths, the practical use of TARGET has remained limited. An early prototype 

of the model was implemented in Python, but the original release was provided as stand-alone 

Java code (Nice, 2019; Broadbent et al., 2019). Running simulations requires users to handle 

input preparation, parameter configuration, and output processing within a coding environment. 

Because the process demands substantial technical expertise to format inputs and interpret 

outputs,  the model’s accessibility has been restricted to a small group of expert users. Urban 

planners, environmental consultants, and practitioners, who could directly benefit from 

applying TARGET in real-world decision-making, often lack the technical capacity to operate 

such stand-alone models. The earlier Python version of TARGET was subsequently updated to 

include new functionalities and parameterisations from the Java implementation (Chen et al., 

2024). Despite facilitating integration with geospatial workflows, this earlier version still 

requires command-line execution and programming skills. In contrast, models such as ENVI-

met (Bruse & Fleer, 1998) have achieved widespread adoption in both research and practice, 

largely because they offer a graphical user interface that lowers the entry barrier for non-

specialists. Such discrepancies illustrate a broader challenge in environmental modelling, 

where the transition from academic models to general use is often hindered by the complexity 

of setup, execution, and analysis. A major barrier is therefore not the availability of suitable 
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models, but rather the absence of user-friendly interfaces that reduce the entry barrier for urban 

climate modelling non-specialists. 

Geographic Information Systems (GIS) (Longley et al., 2015) offer a natural solution to this 

barrier, as they provide an environment where spatial data, model workflows, and visualisation 

tools can be combined. Previous work has demonstrated that such interfaces substantially 

improve usability by simplifying data preparation for model applications (Aloui et al., 2023). 

Among the available options, QGIS (QGIS.org, 2025) has become one of the most widely used 

open-source platforms, offering cross-platform compatibility (Linux, MacOS, Windows), 

extensive community support, and flexibility through plugin development. The Urban Multi-

scale Environmental Predictor (UMEP) builds on this ecosystem, functioning as a QGIS plugin 

that integrates tools for pre-processing meteorological and surface data, running urban climate 

models, and post-processing results (Lindberg et al., 2018). By providing a modular framework 

and an accessible graphical user interface, UMEP bridges disciplinary boundaries between 

urban climatology and planning.  

Here, we introduce an open-source interface for the TARGET model within the UMEP plugin 

for QGIS. The integration is designed to support the full modelling workflow, from data 

preparation to simulation execution and visualisation of results. By leveraging existing UMEP 

modules for land cover classification, urban morphology calculation, and meteorological pre-

processing, the new interface minimises user effort and ensures compatibility with widely 

available datasets. Dedicated visualisation tools were added to facilitate hotspot identification 

and scenario comparison, enabling users to evaluate the cooling potential of targeted 

interventions. Extending this framework to include TARGET therefore represents an 

opportunity to expand the UMEP toolset and make fast intra-urban temperature modelling 

directly usable by a wider audience. 
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To demonstrate the applicability of the UMEP-TARGET interface, we apply it to a case study 

in Zurich, Switzerland. The case illustrates the end-to-end workflow, from input preparation to 

the assessment of mitigation strategies during a heatwave. We show how the tool can identify 

thermal hotspots, design interventions such as greening and irrigation, and quantify the 

resulting cooling benefits. The example highlights the value of integrating TARGET into 

UMEP for both research and practice. By improving accessibility and functionality, the UMEP-

TARGET interface has the potential to expand the use of physically-based urban climate 

modelling, supporting evidence-based planning for climate-resilient cities. 

2. Methods 

2.1. TARGET overview 

The TARGET model is a computationally efficient model designed to estimate surface and 2 m 

above-ground air temperatures in heterogeneous urban environments, with a specific focus on 

evaluating the impacts of BGI. TARGET can be implemented at individual locations or across 

a spatial grid with configurable resolution. The recommended highest resolutions are 30 m for 

surface temperature and 100 m for air temperature. It requires three main categories of input: 

(i) land cover fractions (roofs, concrete, asphalt, dry grass, irrigated grass, trees, and water), (ii) 

building geometry describing urban canyon morphology, and (iii) meteorological forcing data 

representative of local background conditions, including incoming shortwave and longwave 

(optional) radiation, air temperature, relative humidity, wind speed, and barometric pressure. 

This meteorological data can be sourced  from nearby weather stations or reanalysis products 

like ERA5 (Hersbach et al. 2020).  

TARGET operates through several interconnected sub-models that calculate radiation balance, 

energy balance, and ultimately surface temperature for each land cover type. Building forms 

and vegetation density are generalised into a sky view factor, which determines the net 
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radiation reaching urban surfaces. This net energy is partitioned into sensible heat, latent heat, 

and ground storage fluxes, with the latter estimated using an adapted version of the Objective 

Hysteresis Model (OHM) (Grimmond & Oke, 2002). For each grid cell, surface energy 

balances are aggregated by land cover composition to derive aggregated canyon-average 

surface and air temperatures, which together form spatially distributed 2D temperature maps, 

when the model is applied over a domain. 

TARGET combines this physically based energy balance framework with high computational 

efficiency, enabling rapid testing of BGI interventions at neighbourhood to city scales. 

However, processes such as horizontal advection and anthropogenic heat fluxes are not yet 

explicitly accounted for. Comprehensive details on the model equations, parameter values, and 

evaluation results are provided in Broadbent et al. (2019). 

2.2. UMEP overview 

The Urban Multi-scale Environmental Predictor (UMEP) is an open-source plugin for QGIS 

that integrates a suite of urban climate models and supporting tools (Lindberg et al., 2018). 

Structurally, UMEP relies on three core components: the pre-processor, which handles 

meteorological and surface input data; the processor, which serves as the main modelling 

system; and the post-processor, which provides analysis tools for the outputs.  

UMEP includes a number of dedicated pre-processing tools, such as land cover fraction 

calculators, morphometric and sky view factor estimators, and meteorological pre-processors, 

which can be combined into workflows suited to different modelling applications. A key 

strength of UMEP lies in its ability to connect standard geographic datasets, such as land cover 

maps, digital elevation models, and building morphology data, with urban climate models, 

facilitating both input preparation and output interpretation at spatial scales relevant for urban 

planners.  
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In its initial release, UMEP included three main models: the SOlar and LongWave 

Environmental Irradiance Geometry model (SOLWEIG) for radiation and outdoor thermal 

comfort (Lindberg et al. 2008, Lindberg & Grimmond, 2011), Surface Urban Energy and Water 

Balance Scheme (SUEWS) for coupled surface energy and water balance (Järvi et al., 2011), 

and Solar Energy on Building Envelopes (SEBE) for solar energy assessments on building 

envelopes (Lindberg et al., 2015). Since then, the platform has been gradually expanded to 

include additional capabilities, including the Urban Weather Generator (UWG) (Bueno et al., 

2013), and the URock wind model for pedestrian-level airflow simulations (Bernard et al., 

2023). 

Supported by extensive tutorials and documentation that make the tool accessible to both 

researchers and practitioners, UMEP has been widely applied in studies of radiation and energy 

exchange, outdoor thermal comfort, and scenario-based urban climate analysis (e.g., Evola et 

al., 2021; Guerri et al., 2023; Jiang & Menz, 2025; Lopez-Ordoñez et al., 2025; Zou et al., 

2024). Its combination of modularity, extensibility, and community-driven development 

provides a suitable framework for hosting additional climate models, such as TARGET, whose 

integration adds a dedicated capability to assess urban heat mitigation strategies. 

2.3. Technical implementation 

The integration of TARGET into UMEP is designed to provide an accessible interface while 

remaining consistent with the structure of the original model. Within the plugin architecture, 

TARGET is implemented as a dedicated module that follows the established pre-processor, 

processor, and post-processor framework. The model is distributed as a Python package (PyPI), 

which ensures consistency with the reference implementation and allows straightforward 

updates through dependency management. 
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Input preparation relies on UMEP’s existing pre-processing tools with targeted adaptations. 

The Land Cover Fraction (LCF) Calculator was extended to include the additional categories 

required by TARGET, which differ from the default UMEP classification. Building geometry 

is derived using the Morphometric Calculator, while meteorological forcing can be prepared 

either from local observations or retrieved directly from ERA5 via UMEP’s data access 

functions. 

Simulation outputs can be visualised in UMEP using additional tools developed specifically 

for TARGET, enabling users to generate spatial maps and time-series plots directly in the QGIS 

environment. 

2.4. Workflow 

The resulting integration enables a structured workflow from data preparation to analysis, as 

illustrated in Figure 1. Users first process the required input datasets, then run simulations using 

the integrated TARGET module, and finally visualise the results using the post-processing 

tools.  

 

Figure 1.  Workflow and data for analysing urban heat using the TARGET model in UMEP. DEM – digital elevation model, 

DSM – digital surface model.  
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In the initial phase of the workflow, users must prepare three essential input datasets: land 

cover information, building geometry, and meteorological data. All spatial inputs need to be 

provided as raster datasets. There is no strict requirement for the resolution of the input datasets, 

but to capture the relevant processes, the pixel resolution of the raster datasets should be fine 

enough to distinguish between ground (street) and objects (buildings). Accordingly, the first 

step is to generate a polygon grid at the chosen resolution, which defines the simulation domain. 

Following the recommendations of Broadbent et al. (2019), a minimum grid size of 100 m is 

advised for air temperature simulations and 30 m for surface temperature. Each grid cell 

represents a model unit where land cover fractions and building morphology are aggregated, 

providing the spatial framework for all subsequent TARGET calculations. Examples of the 

input geodata required are shown in Figure 2. 

For land cover, users can either classify their dataset directly into TARGET categories using 

the Land Cover Reclassifier tool or make necessary adjustments later within the TARGET 

Prepare tool (e.g. allocating part of paved surfaces to concrete), if only UMEP’s default classes 

are available. After reclassification, the Land Cover Fraction tool calculates the fractional 

coverage of each land cover type within each grid cell. The resulting file containing the land 

cover fractions for each grid cell is then provided to the TARGET Prepare tool later. Jo
urn
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Figure 2. Examples of input spatial data required to apply TARGET for Zurich: (a) land cover (2 m resolution) overlain with 

a polygon grid for aggregation (square grid created in QGIS, using Vector -> Research Tools -> create grid); (b) digital 

surface model (DSM, 0.5 m resolution in metres above sea level) including ground, vegetation and buildings. 

Building geometry preparation uses the Morphometric Calculator in UMEP, which requires a 

Digital Surface Model (DSM) and a Digital Elevation Model (DEM) as inputs. The resulting 

outputs are later used to calculate average building heights and canyon widths in TARGET 

Prepare.  

For meteorological data, the Metdata processor (UMEP -> Pre-Processor -> Meteorological 

Data -> Prepare Existing Data) formats standard observations and supports both common 

weather data services and CSV files. UMEP also provides a dedicated tool for downloading 

ERA5 reanalysis data, which can be used when local observations are unavailable. For 

TARGET simulations, required data includes incoming shortwave radiation [W m⁻²], wind 

speed [m s⁻¹], air temperature [°C], relative humidity [%], barometric pressure [kPa], and, if 

available, incoming longwave radiation [W m⁻²]. 
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Once all inputs are prepared, the TARGET Prepare tool generates the configuration folder 

required to run the model. During this phase, the tool organises the input datasets, creates the 

necessary configuration files, and ensures that the TARGET Processor can execute simulations 

consistently within UMEP. Figure 3 shows the TARGET Prepare interface, where users 

specify the polygon grid and ID field, link land cover and building morphology files, and define 

the output directory. Optional controls allow the splitting of irrigated grass and concrete 

fractions from the standard land cover classes. 

 

Figure 3. Graphical user interface (GUI) of TARGET Prepare. 

With inputs prepared, the TARGET Processor is used to execute the simulations. Figure 4 

shows the TARGET Processor interface. Users load the configuration folder generated in the 
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previous step, select the polygon grid, define the run name and the simulation period (including 

a user-defined spin-up period), and provide meteorological forcing. If incoming longwave 

radiation is unavailable, the interface offers an option to estimate it from air temperature and 

relative humidity, following Loridan et al. (2011). Additional checkboxes control whether 

outputs are saved as CSV tables or in the UMEP-specific format required for the TARGET 

Analyser.  

 

 

Figure 4. Graphical user interface (GUI) of TARGET Processor. 
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The TARGET Analyser provides tools for exploring and visualising model outputs (Figure 5). 

Users can generate temporal plots for individual grid cells over a selected period, displaying 

simulated time series of urban and rural conditions. They can also create aggregated spatial 

maps, such as average, maximum, or median values across daytime, nighttime, or the full 

diurnal cycle. Results can be exported as GeoTIFFs or linked to polygon attributes in QGIS. 

 

Figure 5. Graphical user interface (GUI) of TARGET Analyser. 

3. Case study: Zurich, Switzerland 

Zurich was selected as a demonstration site because it combines dense built-up areas with 

abundant green and blue spaces and offers high-quality official datasets. The study domain 

covers 28.8 km² in the city centre, encompassing a mix of residential, commercial, and 

industrial land uses, as well as a river corridor and large vegetated areas. All TARGET land 

cover classes are represented, with concrete, roof, and irrigated grass being the most prevalent. 

TARGET has previously been validated against observations in Zurich using the same input 
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sources (Chen et al., 2024), which provides confidence in the reliability of the model outputs. 

The present case study, therefore, focuses on demonstrating the new interface rather than 

further model evaluation. 

 

3.1. Input data preparation and initial setup 

The simulation was conducted on a 100 m resolution polygon grid. Land cover information 

was derived from official planning authority vector data (ARE, 2019), which were reclassified 

into the seven TARGET categories and subsequently converted to raster format (2 m resolution) 

for model input. Building geometry was obtained from swissALTI3D (swisstopo, 2020) and 

swissSURFACE3D (swisstopo, 2018) datasets, representing the national digital terrain model 

(bare-earth DEM) and DSM, respectively, both available at a spatial resolution of 0.5 m.  

To align with the intended use of TARGET for short episodes such as heatwaves, we selected 

a four-day period in July 2023 with daily maximum temperatures above 30 °C. The first day 

was used as spin-up and excluded from analysis. Meteorological forcing was provided by the 

nearby Fluntern station (556 m a.s.l.) (MeteoSwiss, 2023), including shortwave and longwave 

radiation, air temperature, relative humidity, wind speed, and pressure, recorded as 10-minute 

averages. The dataset covered four days (06/07/2023 – 09/07/2023), with the first day used as 

spin-up and excluded from the analysis. Unless otherwise noted, all results presented in the 

following sections are aggregated over the second simulation day (08/07/2023).  

All input datasets were processed directly within the UMEP plugin, which integrates data 

preparation and model setup in the same environment. This allowed the simulation to be 

configured efficiently in QGIS without switching between different software or coding steps. 
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3.2. Hotspot identification and scenario design 

As an initial analysis step, TARGET was run for the heatwave period using the baseline input 

data. Figure 6(a) shows the land cover distribution of the study domain. The Analyser was used 

to generate a spatial map of the average diurnal urban-rural temperature difference, shown in 

Figure 6(b). We selected this metric as it provides a straightforward representation of urban 

overheating patterns across the city. Positive values in the resulting map, indicating urban areas 

warmer than the rural reference, were identified as hotspots and are indicated in purple in 

Figure 6(a). The resulting pattern shows elevated air temperatures concentrated in dense built-

up areas, particularly along the urban core and major transport corridors, while vegetated and 

river-adjacent zones consistently exhibited lower temperatures. 

 

Figure 6. (a) Land cover distribution of the study domain, with hotspot grid cells (in purple) derived from UMEP-TARGET 

outputs within QGIS; and (b) corresponding mean diurnal urban-rural temperature difference during the heatwave period, 

generated directly from the UMEP-TARGET interface. Positive values in the temperature difference map (b) were classified 

as hotspots in (a). In (b), white corresponds to a value of zero. 

Three scenarios were designed to assess the comparative cooling potential of different BGI 

strategies within the identified hotspot cells. In all scenarios, pixels classified as concrete or 

dry grass within hotspot cells were replaced with the target cover type, while all other pixels 

remained unchanged. Roof fractions were not modified, as interventions on rooftops are not 
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represented in the current version of TARGET. As this case study serves as a demonstration of 

the tool's scenario-comparison capability, a full 100% replacement was applied for simplicity. 

The three scenarios were:  

i. Greening and irrigation: concrete and dry grass replaced with irrigated grass, 

representing strategies such as new parks or irrigated planting beds;  

ii. Tree cover expansion: concrete and dry grass replaced with trees, representing 

strategies such as street tree planting or urban forest expansion; 

iii. Water features: concrete and dry grass replaced with water, representing the 

introduction of water features such as ponds or fountains.  

For each scenario, the modified land cover raster was re-processed through the LCF tool to 

generate updated land cover fraction inputs, and TARGET was re-run using identical 

meteorological forcing and building geometry as the baseline. Figure 7 provides an example of 

a zoomed-in view of part of the study area, illustrating the original land cover and the modified 

configuration after intervention. As the current UMEP-TARGET interface does not support 

manual adjustment of land cover parameters, all land cover types were assigned their default 

values as defined in the TARGET model (Broadbent et al., 2019). 

 

Figure 7. Example of local-scale intervention design, created within QGIS. Original land cover for a selected neighbourhood 

(left) and modified land cover after hotspot mapping (right), where impervious and dry grass surfaces were replaced with 

irrigated grass to simulate a greening and irrigation strategy. 
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To enable quantitative comparison across scenarios, three cooling metrics were computed for 

each hotspot cell. The scenario air temperature reduction (ΔT) was defined as the difference in 

average diurnal urban-rural temperature between the baseline and intervention simulations; 

since the rural reference is identical across runs, this simplifies to the reduction in urban air 

temperature attributable to the intervention. The three metrics derived are: 

• Simple mean ΔT: the unweighted spatial average of this reduction across hotspot cells; 

• Land cover-weighted mean ΔT: a metric that scale each cell's cooling by the fraction of 

concrete and dry grass available for replacement, providing a measure of cooling efficiency 

per unit of intervention.  

• Severity-weighted mean ΔT: a calculation that weights each cell's cooling by its baseline 

urban-rural temperature difference, giving greater influence to cells where the pre-existing 

heat problem was most severe.  

 

3.3. Results 

The three intervention scenarios produce notably different cooling outcomes, as summarised 

in Table 1 and illustrated in Figure 8. Tree cover expansion is the most effective strategy, 

reducing hotspot cells by 83% (from 125 to 21) and achieving the highest cooling across all 

metrics. Interestingly, its severity-weighted mean ΔT (-0.76 °C) is higher than its simple mean 

(-0.60 °C), indicating that trees provide disproportionately greater cooling in the most severely 

overheated cells. Greening and irrigation achieves a moderate hotspot reduction of 57%, with 

a mean ΔT of -0.27 °C and a maximum reduction of 0.64 °C. Water features are the least 

effective at 46%, with a mean ΔT of -0.19 °C and a maximum reduction of 0.31 °C. These 

results are consistent with Chen et al. (2024), who found trees to be approximately twice as 

Jo
urn

al 
Pre-

pro
of



effective as irrigated grass and water in reducing peak air temperatures in Zurich, based on a 

multiple linear regression of land cover fractions against modelled temperatures.  

The absolute cooling magnitudes across all scenarios reflect the limited fraction of replaceable 

surface available within hotspot cells. Although a full 100% replacement of concrete and dry 

grass was applied, these surface types represent only a portion of the total cell area, with roofs, 

roads, existing vegetation and water remaining unchanged. The effective land cover change 

per cell is therefore constrained by the baseline composition, which limits the achievable 

cooling even under idealised intervention conditions. This constraint is particularly pronounced 

in the densest urban districts. Across all three scenarios, the remaining hotspots are almost 

exclusively located in such areas where large-scale land cover modification is difficult to 

implement. In such settings, more active cooling strategies such as pavement watering (Chen 

et al., 2025; Hendel et al., 2016), misting systems (Huang et al., 2025), or the provision of 

artificial shading (Middel et al., 2021; Ouyang et al., 2024) may be required to achieve 

substantial cooling effects. Of these, only pavement watering can currently be modelled with 

an extended version of TARGET (Chen et al., 2025), though this capability is not yet integrated 

into the UMEP-TARGET interface. 

Table 1 Comparative cooling performance of the three intervention scenarios across the 125 baseline hotspot cells. ΔT is 

defined as the reduction in average diurnal air temperature relative to the baseline. LC-weighted mean ΔT is weighted by the 

fraction of concrete and dry grass available for replacement in each cell; severity-weighted mean ΔT is weighted by the 

baseline urban-rural temperature difference of each cell. 

Scenario Baseline Greening and 

irrigation 

Tree cover 

expansion 

Water features 

Hotspots remaining [-] 125 54 21 67 

Reduction [%] - 57 83 46 

Range ΔT [°C] - -0.03 ~ -0.64 -0.06 ~ -1.60 -0.02 ~ -0.31 
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Mean ΔT [°C] - -0.27 -0.6 -0.19 

LC-weighted mean ΔT [°C] - -0.3 -0.66 -0.22 

Severity-weighted mean ΔT [°C] - -0.28 -0.76 -0.19 

 

 

Figure 8. Cooling benefits of the three intervention scenarios applied within the identified hotspot cells. Top row: spatial 

distribution of hotspot grid cells before intervention (baseline scenario, in purple) and those remaining after (in orange) for 

(a) greening and irrigation, (b) tree cover expansion, and (c) water features. Bottom row: corresponding spatial distribution 

of average diurnal air temperature reduction (ΔT) relative to the baseline for (d) greening and irrigation, (e) tree cover 

expansion, and (f) water features. All outputs were derived from UMEP-TARGET simulations and visualised within QGIS. 

Overall, the case study demonstrates that the entire workflow, from input preparation and 

model execution to hotspot mapping, intervention design, and scenario comparison, can be 

completed within the QGIS environment. This integrated process highlights the usability of the 

UMEP-TARGET interface and its potential to make TARGET accessible for both research and 

planning applications. 
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4. Discussion 

4.1. Integration into UMEP and positioning among planning support tools 

The integration of TARGET into UMEP improves the accessibility of lightweight urban 

climate models for a broader user community. TARGET has previously been demonstrated as 

a computationally efficient tool for estimating intra-urban air temperatures, but its use has 

largely been confined to technical experts. Embedding the model within the QGIS environment 

via UMEP makes the modelling process more approachable: users can prepare input data, 

configure simulations, and visualise outputs within a single interface, removing the need for 

extensive data pre-processing and input format verification. This lowers the barrier to entry for 

practitioners such as urban planners, consultants, and local authorities who may not have 

advanced programming skills but could benefit from applying these models in practice. 

A key advantage of the UMEP-TARGET interface is its integration with existing UMEP and 

QGIS components. Pre-processing modules for land cover fraction and urban morphology help 

align input requirements with commonly available spatial datasets. The meteorological pre-

processor enables the use of standard weather station or reanalysis data, allowing model runs 

even where extensive observational networks are unavailable. The post-processing functions 

provide outputs that can be readily interpreted in a planning context. Taken together, these 

features make UMEP-TARGET function as a coherent workflow within QGIS rather than as a 

stand-alone model, improving usability and practical relevance.  

Compared to other GUI-based urban climate modelling tools, UMEP-TARGET occupies a 

distinct niche. ENVI-met is a notable example of how a graphical interface can drive broad 

adoption, though its microscale CFD-based approach makes city-scale BGI scenario testing 

impractical. Within UMEP itself, SOLWEIG supports radiation and outdoor thermal comfort 

assessment, SUEWS addresses surface energy and water balance modelling, and UWG focuses 
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on urban heat island estimation and building energy interactions. None of these tools is 

designed for rapid, city-scale comparative evaluation of BGI interventions with respect to intra-

urban air temperature, which is the primary purpose of TARGET. More broadly, GUI-based 

planning-support tools with city-scale, fast scenario-testing capabilities have emerged in 

adjacent fields. UrbanBEATS (Bach et al., 2020), for example, provides a comparable 

workflow for water-sensitive urban design and stormwater management (Coutts et al., 2013), 

but an equivalent tool specifically oriented towards assessing the air temperature benefits of 

heat mitigation measures has been lacking. UMEP-TARGET addresses this gap by combining 

the accessibility of a GIS-integrated interface with the computational efficiency required for 

systematic, city-scale evaluation of BGI strategies. 

4.2. Scenario analysis and case study insights 

The Zurich case study illustrates the tool’s potential in practice. By combining baseline 

simulations with targeted land cover modifications, the interface enabled the identification of 

thermal hotspots and the evaluation of mitigation benefits. For example, a simulated greening 

and irrigation intervention reduced the hotspot extent by approximately two-thirds. Such results 

demonstrate the capacity of UMEP-TARGET to quantify the impacts of blue-green 

infrastructure strategies in a manner directly relevant to planning. The workflow moves beyond 

scientific analysis to support scenario-based decision making, illustrating how climate models 

can be embedded in urban design processes. Ultimately, embedding these models into daily 

workflows fulfills TARGET’s original intent: to enable practical application by planners and 

practitioners. 

However, several limitations of the current scenario analysis must be acknowledged. The 

interventions tested represent idealised land cover modifications, applying full replacement of 

concrete and dry grass within identified hotspot cells. Consequently, the resulting cooling 

estimates represent upper bounds on what could realistically be achieved. In reality, physical, 
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financial, and institutional constraints will inevitably limit the extent of actual land cover 

change (O’Donnell et al., 2017). The quantitative outcomes are also specific to the Zurich 

context, reflecting local urban morphology, land cover composition, and the meteorological 

conditions during the selected heatwave period. Cooling magnitudes in other cities will vary 

accordingly, and results should not be directly transferred without recalibration to local 

conditions. 

4.3. Appropriate use of UMEP-TARGET 

The appropriate use of UMEP-TARGET is best understood in relation to its design envelope. 

For comparative scenario testing of BGI interventions at neighbourhood to city scales, where 

the goal is to identify thermal hotspots, rank intervention strategies, or provide rapid planning-

support evidence during early-stage decision making, UMEP-TARGET serves as an ideal 

framework. Its computational efficiency makes it particularly valuable when multiple scenarios 

must be evaluated iteratively, or when modelling capacity is limited. The tool is most reliable 

for short-term analyses such as heatwave episodes of days to weeks under clear-sky conditions, 

consistent with the intended application of the underlying TARGET model (Broadbent et al., 

2019). However, the tool is less appropriate when precise absolute temperature predictions are 

required or where building-resolving microscale processes are of primary interest. It also 

struggles in environments where anthropogenic heat fluxes or horizontal advection play a 

dominant role, such as in highly heterogeneous dense urban cores or coastal settings with strong 

sea breezes. In such cases, more detailed energy balance models such as SUEWS (Järvi et al., 

2011) or the Town Energy Balance model (TEB; Masson, 2000), or high-resolution CFD 

frameworks such as ENVI-met (Bruse & Fleer, 1998) or PALM-4U (Maronga et al., 2019), 

remain more suitable depending on the application. 

Rather than competing with these tools, UMEP-TARGET is best seen as a complementary 

first-order screening tool: its outputs can guide where more detailed and computationally 
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intensive modelling efforts should subsequently be focused. In the Zurich case study, a 

complete four-day simulation could be completed in less than an hour on a standard desktop 

computer. This simulation included both data pre-processing using input rasters at up to 0.5 m 

resolution and model execution at 100 m grid spacing. These rapid processing times highlight 

the workflow’s computational efficiency compared to conventional microscale or mesoscale 

urban climate models. The UMEP-TARGET interface is therefore most useful for municipal 

planning departments, environmental consultancies, and researchers who require rapid 

scenario evaluation, with more detailed microscale models subsequently applied at critical 

locations identified by TARGET. 

4.4. Limitations of UMEP-TARGET 

The accuracy of TARGET simulations remains dependent on the quality of input datasets. In 

Zurich, high-resolution digital surface models, building footprints, and official land cover maps 

were available. In many cities, such detailed data may be lacking or inconsistent, which could 

constrain model performance. This challenge is not unique to TARGET but reflects a broader 

issue in urban climate research (Hamdi et al., 2020).  

To maintain computational efficiency, the model incorporates several physical simplifications 

that users should be aware of. For instance, urban morphology is represented using simplified 

canyon geometry, and vegetation is treated without explicit vertical structure. Horizontal 

advection and anthropogenic heat fluxes are not modelled, and the water sub-model does not 

fully represent evaporative dynamics over natural water surfaces. While these simplifications 

are consistent with TARGET's design philosophy, they impose clear bounds on the physical 

processes the model can represent (Broadbent et al., 2019). At present, UMEP-TARGET lacks 

a dedicated point-and-click tool for scenario design. Consequently, users must rely on the QGIS 

Raster Calculator for manual raster editing. Although straightforward to execute within QGIS, 
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such an extra step may be unfamiliar to non-technical users. To overcome this hurdle, future 

development could integrate automated scenario generation directly into the interface. 

5. Conclusions and outlook 

To address the technical barriers of urban climate modelling, we developed an open-source 

QGIS interface that integrates the TARGET model into the UMEP framework. By combining 

data preparation, model execution, and result visualisation into a single workflow, the interface 

substantially streamlines the modelling process. Consequently, physically based urban 

temperature modelling is now more accessible to practitioners beyond the research community, 

including planners, consultants, and municipal agencies. 

Through the Zurich case study, the interface demonstrated a clear capacity to identify thermal 

hotspots and evaluate the cooling benefits of targeted blue-green infrastructure interventions. 

Tree cover expansion proved to be the most effective strategy, reducing hotspot extent by 83% 

and achieving air temperature reductions of up to 1.6 °C. Other interventions also yielded 

significant benefits, with greening and irrigation reducing hotspots by 57% and water features 

at 46%. By embedding scientifically robust modelling capabilities within an accessible 

platform, the tool bridges the gap between climate research and decision-making. 

Several limitations should be acknowledged, such as the model’s dependence on high-quality 

input datasets, its simplified representation of urban morphology and vegetation, and its 

intended scale of application. Nevertheless, these constraints are consistent with the design 

philosophy of TARGET, which prioritises computational efficiency and comparative scenario 

analysis over microscale detail. 

Looking forward, the open-source nature of UMEP-TARGET provides opportunities for 

community-driven development. Future enhancements to the interface may include automated 

scenario generation, expanded visualisation options, and coupling with models for energy use 
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or human thermal comfort. Further development of the TARGET model itself, such as 

integration with URock to include advection processes, additional surface types, and extended 

outputs such as mean radiant temperature (Tmrt) and the universal thermal climate index (UTCI), 

is also envisaged. Users are encouraged to report bugs or request new features through the 

UMEP GitHub repository, which provides an open channel for community feedback and 

support. As urban areas worldwide face increasing challenges from heat stress, UMEP-

TARGET offers a timely and valuable contribution to the growing field of city-based climate 

services, supporting more climate-responsive planning and design.  
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Software availability 

Name of software: TARGET in UMEP  

Developers:  Fredrik Lindberg, Nils Wallenberg, Jixuan Chen, Kerry A. Nice, Matthias 

Demuzere, João P. Leitão, Peter M. Bach 

Contact:  Fredrik Lindberg: fredrikl@gvc.gu.se, +46 31 786 2606  

Jixuan Chen: jixuan.chen@eawag.ch, +41 58 765 5637 

Year first available: 2025  

Hardware required: NA  

Software required: QGIS 3.40 or higher 

Operation system required: OS independent  

Program language: Python  

Program size (full UMEP plugin): ~3.3 Mb (compressed), ~17.7 Mb (uncompressed)  

Availability and cost: Open source (no cost)  

License: GNU General Public Licence v3 

Repository: https://github.com/UMEP-dev/UMEP/  

Manual: https://umep-docs.readthedocs.io/  

Tutorials: https://umep-docs.readthedocs.io/projects/tutorial/  
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Highlights 

● Integration of TARGET urban climate model into the UMEP QGIS plugin 

● Developed user-friendly full workflow for data preparation, simulation, and visualisation 

● Case study in Zurich shows hotspot mapping and cooling intervention scenario analysis 

● Tool lowers technical barriers, enabling broader research and planning use 

● Open-source interface supports future extensions and community development 
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