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Highlights  
• A systematic review of the Urban Heat Island Effect (UHIE) assessment literature and practices.   
• Derivations and defining the Level of Detail (LoD) classification.  
• Identifying the purposes of the UHIE study and categorizing the LoD for a ‘Fit for Purpose’.  
• Developing a commonly agreed methodology for Indian Cities.   

Abstract  

The paper recognizes that the Urban Heat Island Effect (UHIE) occurs primarily due to urbanization impacting land 

surface characteristics, where the blue-green cover is replaced with complex-built fabric and increased anthropogenic 

heat emissions within urban areas. Without a common agreed-upon methodology with specific objectives that cities wish 

to accomplish, Indian cities are adopting varied methods to assess UHIE that do not help them attain the predefined 

objectives and are often found to be less scientific. This paper proposes a standardized methodology and underpins its 

argument on two frameworks, ‘Fit for the Purpose’ and ‘Level of Details,’ making it easier to adopt. Such efforts are 

expected to help cities account for the UHIE assessment with specific objectives that cities can optimize with available 

data and human and economic resources. The paper relies on a systematic literature review and considers the ground 

realities to develop the methodology. The proposed framework could be one of a kind to be adopted in India, helping 

cities evaluate their context and navigate them to solutions. It also aims to balance the suitable trade-off between data 

fidelity and decision-making efficiency, tailored to specific needs and constraints.  

Keywords: urban heat island effect, level of details, fit for purpose, heat action plan, outdoor thermal comfort.  

Introduction  

The paper is structured into four sections: Introduction, Methodology, Discussions, and Recommendation. The 

introduction provides an overview of UHIE, its consequences, and the existing research gaps. It also introduces two 

terminologies: ‘Fit for the Purpose’ (FFP) and ‘Level of Detail’ (LoD). The methodology section relies on the systematic 

literature review to develop a scientific rationale by identifying the critical objectives, methods for mapping and assessing 

UHI variability, critical study parameters, and their datasets. The methodology also highlights the critical reasoning for 

how this standardized methodology is expected to aid the gaps before illustrating the proposed FFP framework for UHIE 

assessment with its LoD characterization. The discussion section elaborates on the methodology for one sample purpose, 

with key datasets and their associated LoDs required to meet the objectives and to conclude the proposed framework. It 
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also summarizes the methodology for mapping and assessment for each purpose and their best possible LoDs against 

their objectives. The recommendation section highlights the level of resources necessary for each purpose and their LoDs.   

With emerging urbanization, UHIE became one of the most frequently examined themes by urban experts since it 

accelerates environmental hazards and human mortality. The ongoing research on the UHIE has integrated urban planning, 

sprawl, and climate change phenomena, three of the most significant environmental concerns of the 20th century. UHIE 

is also crucial in energy consumption as it is associated with the urban microclimate, neighbourhood morphology, etc. 

Between 1990 and 2012, greenhouse gas emissions in India and Pakistan nearly doubled, and the urban areas accounted 

for more than 60% of that [1]. The countries with lower-middle and lower-income groups will be most adversely affected 

and reportedly lose 4% and 1.5% of their GDP by 2030, which is also projected to increase by up to 9% by the end of 

2100 [2]. Therefore, state governments, municipalities, and urban planning authorities must develop the appropriate 

policies, pilot programs, necessary toolkits, and capacity-building to reduce heat stress, greenhouse gas emissions, energy 

conservation, and to improve thermal comfort conditions [3].  

A recently published study from the Indian Meteorological Department (IMD) mentioned that heatwaves have 

significantly increased by about 24% during 2010-19 compared to 2000-2009, while they also highlighted a spike in 

mortality rates of 27 % during that period [4]. A recent study mapped the UHI intensity across the major Indian cities, 

and the results ranged between 1.76 to 4.6 °C [5]. Authorities in India are stepping up their efforts, drawing inspiration 

from Ahmedabad's landmark Heat Action Plan (HAP) [6]. Indian Meteorological Department (IMD) and National 

Disaster Management Authority (NDMA) have already designated 23 states (such as Delhi, Rajasthan, Maharashtra, etc.) 

to implement the HAP as a comprehensive extreme heat alert system and preparedness strategy [7]. In 2019, NDMA laid 

the guidelines [8] as a roadmap for the Indian states and cities to develop the context-specific HAP integrating urban 

planning, meteorology, and public health infrastructure. Besides heat hazard analysis, IMD also works on three-tier 

impact-based forecasts and risk-based warning systems [9]. As per the recent publication [10], they are planning to roll 

out a heat index by mapping the critical meteorological parameters (relative humidity, max., and min. air temperature, 

duration of heat spell, wind) to provide a real feel of temperature along with a color-based warning system [11]. With the 

recent urbanization trend, mapping of UHI hotspots by focusing on hyperspectral aerial imagery from remote sensing 

[12], increasing networks of metadata collection stations with low-cost sensors, and assessing the dual threats (considering 

heat waves) on microclimate and thermal discomfort is imperative for effective policy making and preparation of climate 

resilient action plan [3]. The National Institute of Urban Affairs (NIUA) is working on an assessment framework focusing 

on UHIE, urban planning, energy use, and blue-green networks for climate-smart cities and holistic revision in the existing 

planning guidelines [13].   

From the existing UHI studies, critical issues such as (i) inconsistent data mapping due to the unavailability of datasets, 

(ii) absence of ground truthing to validate the satellite imageries, (iii) optimum spatio-temporal resolution, and (iv) 

determining the spatial grid for station point distribution, identified during the data collection and mapping [14]. Moreover, 

the concurrent gaps with numerical modelling and canopy level simulation studies can be concluded as (i) idealized 

parameter settings used for the model-boundary conditions; (ii) the actual context and target parameters do not get 

reflected due to the simplification of 3D land use land cover modelling techniques; (iii) the unsatisfactory accuracy of the 

numerical simulations [15].  Determining and assessing the urban energy budget and its effects on UHI intensity is crucial 

in the UHIE study. A recent study [16] has also indicated the need for standardized metrics to determine a city's energy 

budget model. Presently, to manage the heat waves, UHI, and developing an integrated policy to mitigate the UHIE and 

thermal discomfort, (i) cities cannot evaluate the required datasets, appropriate boundary conditions, and optimized 

assessment metrics, (ii) multiple approaches without scientific evidence lead to an outcome that may not be appropriate 

to the context, (iii) the absence of a commonly agreed methodology does not help in coordination at the national level to 

access the risk and mitigation measures on the similar platform eliminating the possibility of cross-learning at the same 

time. The proposed LoD-based FFP framework will allow decision-makers to develop common strategies and help share 

their success and failure stories.   

Level of details (LoDs)  

The Level of Detail (LoD) refers to a technique that involves representing objects or data at different levels of complexity 

or detail, depending on the specific requirements or constraints of the application.  

Such concepts are used in several fields, including computer graphics, data visualization, and medical sciences. The LoD 

concept allows for the efficient representation of larger datasets. Considering every available single data point can be 

overwhelming to process. Therefore, lower levels of detail can be used to present an overview of the data. The higher 

LoD can be progressively revealed as decision-makers zoom in or interact with the dataset, providing more specific 

information or granular views.  

https://link.springer.com/chapter/10.1007/978-981-33-4050-3_9
https://link.springer.com/chapter/10.1007/978-981-33-4050-3_9
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Figure 1: An example of LoD characterization adopted for Urban Building Energy Modelling (UBEM) [17] 

As illustrated in Figure 1, suitable LoD characterization has been developed for an FFP framework for urban building 

energy modelling (UBEM) to aid in the persistent gaps (e.g., accuracy, classification, and complexity of modelling inputs, 

standardized metrics, reliability of calibration methods) in modelling, simulation and enable highly targeted data 

collection approach. In the context of the UHIE mapping and assessment, if the objective is to determine the hotspots 

across the city, one needs only a snapshot or single point in time data at peak hours with values of only four or five data 

points. But suppose the objective is to assess urban microclimate and to determine the outdoor thermal comfort by 

integrating the universal thermal climate index (UTCI). One will need consistent data over a few days at an hourly interval 

and for about 15 to 16 data sets across multiple stations. The LoD approach aims to strike a suitable trade-off between 

data fidelity and decision-making efficiency tailored to the specific needs and constraints of the system or application.   

Fit for purpose  

The underlying principle of developing the standardized UHIE methodology is to recognize the objective of the exercise 

at the very first instance. Any activity that needs to be carried out to understand the impact of UHIE needs to identify the 

target on which UHIE may have an effect. This paper has adopted 'Fit-For-Purpose' (FFP) as a terminology based on 

earlier work by the same authors to identify the objective of the exercise. The methodology to understand the impact of 

the UHIE will depend upon FFP.   

The FFP refers to a framework that helps define the suitable or appropriate aim that needs to be achieved. It also helps 

customize the methodology to attain the specific solution. The FFP often involves accessing and ensuring that the 

methodology's qualities, features, functionality, performance, and reliability lead the process to the expected outcomes. 

The LoD characterization for the required datasets is evaluated in this paper against four critical purposes for 

comprehensive UHIE mapping and assessment to develop the FFP framework. The purposes are primarily concluded as 

an integrated measure for multiple interlinked objectives from the key findings of the literature.  

Aims and objectives of the study  

The study aimed to develop a LoD-based FFP framework for Indian cities as a standardized method for mapping and 

assessment of UHIE without compromising the accuracy of the results. This proposed framework will aim to address all 

the critical objectives regarding UHIE assessment and the required data sets with their suitable LoDs, which will be 

context-specific and adaptable based on the complexity of the study objective (e.g., spatio-temporal resolution, accuracy), 

projected outcome and available resources (e.g., manpower/expertise, cost, instrumentation, and time).   

Methodology  

Literature review  

The paper adopted a systematic review of the extensive work carried out internationally and nationally for a 

comprehensive literature review. The existing studies regarding urban climate, built morphology, and their impact on 

UHIE were reviewed to comprehend the dynamics and mechanism of an urban environment with the changing urban 

characteristics before mapping the spatio-temporal variability of UHI. At the same time, the urban spatial scales and 

datasets have been evaluated for mapping and assessment of canopy layer urban heat island (CLUHI) and surface layer 

urban heat island (SUHI), with their critical technical parameters. Studies adopted rigorous measurement protocols and 

field surveys to validate the empirical/numerical models developed for a specific urban region. Ground truthing was also 

integrated into the studies to enhance the accuracy of the hyperspectral satellite data boundary conditions of simulation 

models and improve the overall reliability of the study outcome. The existing research gap and limitations were also 

reviewed to strengthen the evidence-based rationale for the study. The overall structure adopted for the literature review 

is illustrated in Figure 2.  
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Figure 2: Structure of literature review adopted for the study  

The outcome of the literature review   

It is crucial to determine the key purposes/objectives adopted in the empirical studies for developing an appropriate 

rationale before concluding them in the proposed standardized framework. The key findings are summarized in Table 1. 

The studies mostly adhered to determine the hotspots and assess the projected impact of LULC/urban sprawl, surface 

characteristics, urban geometry on land surface temperature (LST), and urban microclimate.  

Surface layer UHI (SUHI) studies mostly concentrated on investigating the spatiotemporal variability of LST and 

assessing their co-relationship with the changing LULC pattern. They have been associated with the land surface layer 

and conducted mostly at the meso scale. However, The Canopy layer UHI (CLUHI) studies are mostly conducted at the 

local or micro-scale and conclude the urban canopy layer (UCL) or building canopy layer (BCL), as illustrated in Table 

2.   

Table 1: Major study purposes/objectives concluded from the literature  

Study objective/purposes References 

Mapping and assessment of hotspots, UHI intensity [18], [19], [20-27], [28-30]   

Assessing the impact of land use land cover (LULC) changes/ urban sprawl/ urbanization [20], [23], [31-36]  

Determining the impact of surface characteristics on UHI intensity [37-40]  

Assessing the built environment on microclimate/ improving the outdoor thermal comfort [41-50]  

Reducing building energy consumption/ cooling load/ GHG emission [51-54]  

Table 2: The scale of UHI assessments concluded from the literature  

UHI Type Horizontal scale Vertical scale References 

SUHI  Meso scale (city/regional level) ~ upto10’s km  Land surface layer  [20-23], [55]  

CLUHI 

Local-scale 

(neighbourhood level) 

~ 1 to <10 km 

Micro-scale 

(street/block level) 

~ 1 to 100's m 

Urban canopy 

layer (UCL) 

Building canopy 

layer (BCL) 
[18], [37], [56-59] 

Studies on UHI variations have concentrated on either temporal [21], [23], [60], [61] or spatial anomalies [62], [63] and, 

in some studies, both [60], [64], [65]. The ratio between the SUHI-based studies considering land surface temperature 

(LST) acquired by remote sensing technique [22], [23], [26-29] with Landsat, MODIS, etc., and others that examined the 

intensity of CLUHI using meteorological data (air temperature, relative humidity, and solar radiation) acquired from either 

fixed weather stations [66], [67] or mobile traverse [18], [68], [69] was high among those that were reviewed. Moreover, 

some of the CLUHI-based studies integrated automatic weather stations [32], [70], WRF modelling [71-72], artificial 

neural network-based algorithms, and field campaigns for a comprehensive study outcome.   

For the CLUHI-based assessment, the Weather Research and Forecasting (WRF) model coupled with Urban/Regional 

Climate Model (UCM/RCM) as meso-scale [16], [73] and experimental CFD simulation using the appropriate turbulent 

model [18], [74] [75] as microscale modelling was identified as the commonly adopted tools to assess the UHIE 

magnitude and critical hotspots. Urban microclimate simulation with ENVI Met and ANSYS Fluent aided with various 

turbulence models have been conducted at the block level [76-78], focusing on the HVAC field and indoor thermal 

comfort and at the neighbourhood level [79-83] investigating the influence of vegetation, water bodies, building 

morphology, ventilation corridors, and anthropogenic heat on the urban thermal environment considering the thermal 

comfort indices, e.g., Universal Thermal Climate Index (UTCI), Physiological Equivalent Temperature (PET), Predicted 

Mean Vote (PMV), etc.  
Moreover, multivariate statistical models were applied to determine the impact of urban sprawl, urban morphology, and 

meteorological indices on UHI intensity with their spatiotemporal variation. They also validated the simulation results 

and hypothetical assumptions with the real-time scenario. For CLUHI assessment, Multiple linear regression (MLR)-

based models were extensively used. They frequently obtained high degrees of accuracy, as evidenced by the previous 
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studies [84-86], and sometimes coupled with random forest (RF) models [87]. However, in SUHI-based studies, limited 

research has been performed to establish simplified numerical tools to investigate the spatiotemporal changes of LST 

from satellite imagery datasets for a more extended period [31], [88], [89]. Multiple studies that acquired the primary data 

from Remote Sensing, GIS or LiDAR, have adopted statistical analysis such as- canonical correlation analysis (a 

multivariate analysis) [23], spatial autocorrelation, lag model (SLM) and the spatial error model (SEM) [90], Fractal 

analysis [91], Spearman correlation analysis, Automatic linear modelling algorithm [21], Ordinary least squares (OLS), 

Support vector machine (SVM), Random forest [92], Ordinary least squares (OLS) regressions [26], Spearman correlation 

analysis [93] to validate, error fix and assess the acquired thermal image by further processing to investigate the SUHI.  

Table 3: Study parameters and required datasets for UHIE study- as concluded from the literature study  

Parameter  Data sets  Reference  

Meteorology  
Air temperature, Relative humidity, wind dynamics- speed and 

direction, solar radiation, cloud cover, Surface  
temperature   

[36], [39], [55], [94-97]  

Urban Infrastructure  

Land use land cover classification.  [20], [23], [31], [32]   
Neighbourhood configuration (layout, setbacks, street geometry)  [46-50]   

Building geometry (form and height/no of floors)  [21], [23], [90], [92], [93], [98]   
Tree vegetation properties  [33-35]   

Semantic data  
Surface characteristics (albedo, emissivity, etc.)  [37-40]   
Building information (age, class of the property)  [45], [50]  

Energy consumption  Cooling energy load  [51-54]   
Thermal comfort   MRT, PET, UTCI, PMV, PPD  [41-45]  

Benefits of determining LoDs and FFPs  

The critical evaluation of the literature was carried out to overcome the gaps with probable integrated measures such as 

(i) developing a standardized research framework/methodology for UHIE, (ii) focusing on accurate boundary conditions 

for numerical modelling and specific metrics that allow the urban morphology and meteorological datasets to reflect their 

respective characteristics in the UHI assessment, and (iii) establish a composite scale based on the first two 

recommendation that can effectively quantify the degree of the UHI variability.   

The LoD-based FFP framework will help to standardize the UHI assessment studies, enabling the city planners and 

managers to employ appropriate assessment techniques and metrics for data collection and analysis and to forecast future 

scenarios specific to the context. The method will also help to investigate the critical hotspots and other contributing 

factors to UHIE. The outcome will also aid decision-makers in developing coordinated strategies for comprehensive 

master planning and the policy-level guidelines in the public-private domain substantiated by setting future goals.  

Development of a fit-for-purpose methodology with LoD characterization  

This document has concluded four purposes from the literature review (refer to Table 1). These four purposes can be 

further synthesized with their usefulness, probable outcome or targets (as illustrated in Table 4), methodology to conduct 

the assessment (e.g., data collection, mapping, analysis, and validation), required data sets with their LoD characterization, 

and a plan of action for a successful implementation, as a way forward from this proposed methodology.  

Table 4: Key purposes of the FFP framework of the UHIE study and their projected outcomes  

Purposes Probable outcomes/targets  

P1  
Development of a Heat 

Action Plan (HAP)  

Mapping the present and future hotspots  

Development of a composite heat vulnerability index  
Developing a UHI mitigation performance index with a real-time monitoring system  

  

P2  

Assessing the 

spatiotemporal 

dynamics of  
urban planning on UHI  

intensity  

Reduction in anthropogenic heat from the building and transportation sector  

Revision of policies (spatial planning, transportation, energy), building By-laws, energy codes  

Integrated measures for local area plan / Transit orient development to limit urban sprawl and 

emphasize the nature-based solution (NBS)  

P3  
Improving outdoor 

thermal comfort  

Improving present and future microclimate scenarios and enhancing indoor thermal comfort at 

the building or unit level  
Minimizing the cooling energy demand  

Developing a support-based decision-making tool for low-carbon and climate adaptation  

P4  
Reduction in the GHG 

emission  

Developing and testing Urban energy modelling tools and alternate methodologies  

Developing energy-space syntax and identifying trends in energy consumption  

Energy forecasting of the present and future scenario  
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Based on the increasing complexity, each study parameter with its datasets is assigned a suitable LoD from one to four, 

with one being the simplest and four being the most complex. The required datasets are categorized into seven critical 

parameters for assessing the four purposes related to the UHIE study, as illustrated in Table 5. They are adaptable, 

considering the resources and limitations of each study.   

Table 5: Proposed LoD characterization for a fit-for-purpose UHIE assessment framework  

Level of  
Detail  

Study Parameters 

Meteorology 
Urban 

Infrastructure 
Semantic 

Operational 

profile 
Energy 

consumption 
Spatial 

resolution 
Temporal 

resolution 

LoD 1  Air Temp. LULC 
Surface 

Characteristics 
Deterministic- 

Single 
Connected 

Loads 
1000 m. Decadal 

LoD 2  
LoD 1 + 

Surface 

Temp. 

LoD 1+ Plot 

boundaries 
LoD 1 + 

Building use 

LoD 1 + 
Deterministic- 

Multiple 

LoD 1 + 
Load 

profiles 
100 m Annual 

LoD 3  

LoD 2 + 
Relative 

Humidity + 
Solar 

Radiation 

LoD 2+ 

Building 

footprint 

LoD 2 + Age 

of property 

LoD 2 + 
StochasticSpace 

based 

LoD 2 + 

Metered data 
30 m Monthly 

LoD 4  

LoD 3 + 

Cloud cover 

+ Wet bulb 

globe temp. 

LoD 3 + 
Building 

height + Tree 

properties 

LoD 3 + 
Building 

archetype 

LoD 3 + Agent-

based 

LoD 3 + 
Submeter end-

use data 
10 m Daily/hourly 

Note: Each parameter is assigned a colour palate to differentiate from the table, and the hues of the colour become darker as the 

LoD increases for the datasets concluded in each parameter to map and assess the UHIE.  

Discussion   

To conclude the proposed FFP framework, a sample purpose of developing the heat action plan has been discussed in 

detail with the recommended UHIE assessment framework and their suitable LoD characterization for the required 

datasets. However, the proposed LoDs can be seen as the optimum range and can be modified as per the study context.  

Methodology for mapping and assessment of UHIE- to develop the heat action plan  

Urban heat island0 is a complex environmental phenomenon. Therefore, to investigate the UHIE and draw a correlation 

among the major contributors requires a multi-level and systematic approach considering the meso, local, micro level, 

and even some time at the plot or building level attributes to develop a comprehensive heat action plan or guidelines for 

extreme heat adaptation for the cities to adapt. Assessing the surface and the canopy level UHI intensity is also 

recommended to achieve more nuanced inferences for the studied urban region. A sample framework to map and assess 

UHIE has been detailed in Table 6.  

Table 6: Recommended framework for UHIE assessment- to develop the Heat Action Plan  

UHI types  Spatial Scale of Assessment  Key Objective  Key study variable  

SUHI  
Meso scale (region/city)  

 ~ upto10’s km    
1. Mapping and assessment of present 

and future hotspots  
Land surface temperature  

CLUHI  
Local-scale  

(neighbourhood)  
1 to <10 km  

Micro-scale  
(block/street)  
1 to 100's m  

 2. Mapping of isopleth  
Meteorological (Air temperature, 

Relative humidity)  

3. Assessment of Outdoor thermal 

comfort  
Thermal comfort indices (MRT, 

UTCI, PET, PMV)  

Required datasets and level of details (LoDs)  

To facilitate the purpose of developing the heat action plan, the required data sets for the UHIE assessment according to 

their LODs are selected as per the three specific objectives mentioned in Figure 3 to conduct the surface (SUHI) and 

canopy layer UHI (CLUHI) assessment. These LoDs will allow a suitable trade-off to match the application case attributes 

of the project. The most suitable LoDs for each purpose will enable us to scale up the modelling and assessment exercise 

with more granular data to achieve higher accuracy with minimal effort.   

Extending the fit-for-purpose methodology, we have summarized the most suitable LoDs for each purpose (illustrated in 

Figure 4). It is aimed to enable the practitioners and decision-makers to further synthesize them by the ideal combinations 

of any of these datasets across all the recommended LoDs according to their available resources and desired outcomes. It 

will also help scale the study with all the constraints in each context for respective Indian cities. Moreover, in Table 7, we 

have also summarized the UHIE assessment methodology (e.g., data collection and mapping, analysis, and validation) 
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along with their recommended spatial assessment scale against each purpose and their respective objectives, as concluded 

in the proposed FFP framework.   

 

Figure 3: Sankey diagram showing the critical datasets and their most suitable LOD for developing the HAP 

 

Figure 4: Sankey diagram summarizing the four key purposes adopted in the proposed FFP framework  

[Note: P1- Development of Heat Action Plan, P2- Assessing the impact due to urban planning, P3- Improving the outdoor thermal 

comfort, P4- Reducing the GHG emission] 

Table 7: Summary of UHIE assessment for the four purposes adopted in the proposed FFP framework  

Purpose  Objective  
UHI 

type  

Spatial scale 

of assessment  

Methodology  

Data collection 

and mapping  Analysis  Validation  

SP1  

a. Mapping of Hotspots  SUHI  Meso   Remote sensing  Statistical models  

b. Mapping of Isopleth  

CLUHI  
Local and/ 

Micro   

Field survey,  

ArcGIS  

(interpolation)  
----  ----  

c. Determining Outdoor 

thermal comfort  
---  

Urban Microclimate 

modelling  

Statistical 

models  

P2  
a. Mapping of LULC  -----  

Meso   Remote sensing  Statistical models  
b. Mapping of Hotspots  SUHI  
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P3  Refer to the details of CLUHI assessments of P1 (Development of Heat Action Plan)  

P4  

a. Refer to the details of CLUHI assessments of P1 (Development of Heat Action Plan)  

b. Estimate and forecast  

urban energy use and  

GHG emission  
------  

Meso and/ 

Local   
Urban Building Energy Modelling (UBEM)  

Recommendation   

As a way forward with the proposed FFP framework, the level of resources against each purpose (e.g., instrumentation/ 

data, manpower- expertise, and timeline) have been further mapped in this LoD-based FFP framework could be one of a 

kind to be adopted in India, helping cities evaluate their context and provide evidence-based solutions on the same 

platform considering the pressing threat due to heat waves and UHIE at the national level.  

Table 8 shows the level of resources matrix according to the level of detail. This matrix will help us select the most 

suitable LoD and customize the overall methodology for UHIE study in any Indian city. Considering the complexity of 

each purpose, the data acquisition or instrumentation techniques are very critical as they involve the in-situ measurements 

of metadata along with other datasets (e.g., semantic, urban infrastructure, energy use, etc.) which require a high level of 

accuracy, high-end tools/instruments, periodic calibration to maintain the consistency, finer resolution of spatial grids 

across the studied region and continuous monitoring at the hourly interval at times. Mapping and analysis of the data also 

need precise granularity to model the appropriate boundary condition, which is time-consuming, costly, and requires 

higher expertise to perform and obtain the desired results with enhanced reliability.  

For example, considering the purpose of the ‘Development of Heat Action Plan’ (P1) and ‘Reduction in GHG emissions’ 

(P4), in the case of instrumentation/data, LoD3 requires a medium level for P1 while a very high level of resources are 

needed for P4. Moreover, if we look at the timeline, considering LoD2, it needs a shorter timeframe for P1 and a longer 

period for P4 to conclude the study. This matrix will enable the decision-makers to efficiently manage and optimize the 

resources for a desired outcome.  

This LoD-based FFP framework could be one of a kind to be adopted in India, helping cities evaluate their context and 

provide evidence-based solutions on the same platform considering the pressing threat due to heat waves and UHIE at 

the national level.  

Table 8: Level of resources matrix- a tool to customize the FFP for efficient decision-making  
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