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Abstract 5 

Urban heat resilience is increasingly framed as a question of justice, yet most empirical studies 6 

evaluate justice at a single point in time, overlooking how adaptation decisions accumulate and 7 

become difficult to reverse. Here, we examine urban heat justice as a long-horizon decision 8 

problem structured by sequential choices, path dependence, and irreversible commitments. 9 

Using tree canopy allocation in Greater Sydney, we operationalize utilitarian, sufficientarian, 10 

and prioritarian justice principles under multiple climate and socio-economic futures and 11 

alternative investment pathways. We show that justice outcomes are strongly shaped by the 12 

timing and sequencing of decisions, not only by the total resources available. Under higher 13 

investment, distributive differences between justice principles narrow, yet outcomes become 14 

more sensitive to procedural choices that lock cities into particular trajectories. This shift does 15 

not mean that distributional justice becomes less important; rather, the ethical stakes move from 16 

visible differences in who receives resources to earlier procedural choices about which futures 17 

are made possible, delayed, or foreclosed. These findings reframe climate justice as a problem 18 

of irreversible decision making, highlighting the ethical importance of early procedural choices 19 

in shaping long-term protection and exposure. 20 

1 Research Problem 21 

Urban heat is an increasingly severe and unequal climate risk, shaped by both global warming 22 

and long-standing patterns of urban development (Anguelovski et al., 2022; Hsu et al., 2021; 23 

Tuholske et al., 2021). Heat exposure varies sharply within cities, reflecting differences in land 24 

cover, building density, and socio-economic conditions, and these differences translate into 25 

unequal health, productivity, and livability impacts (Li et al., 2025; Masselot et al., 2023; 26 

Stechemesser & Wenz, 2023). As a result, heat resilience projects are increasingly framed not 27 

only as a technical or public health challenge, but also as a question of justice (García-Lamarca 28 

et al., 2022; Strange et al., 2024; Walker et al., 2024). Decisions about where, when, and how 29 

heat resilience resources are deployed determine who benefits from protection, who remains 30 

exposed, and how risks evolve over time (Haasnoot et al., 2013; Werners et al., 2021). 31 

Much of the existing literature on justice in heat resilience focuses on distributional outcomes 32 

at a single point in time, often asking whether resources are allocated equitably across 33 

neighborhoods or social groups (Hsu et al., 2021; Mitchell & Chakraborty, 2014; Pakizeh et al., 34 

2026). However, resilience in practice is rarely a one-off allocation problem (Meerow et al., 35 

2016; Tyler & Moench, 2012). Instead, it unfolds incrementally over decades, under uncertainty 36 
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about future climate conditions, patterns of urban development, and available resources 37 

(Haasnoot et al., 2013; Hallegatte, 2009; Seto et al., 2012). Early decisions shape later 38 

possibilities, progressively constraining what remains feasible (Wise et al., 2014). As 39 

adaptation investments accumulate, some options are preserved while others become 40 

increasingly difficult to pursue. This process creates path dependencies, whereby earlier 41 

decisions influence the set of choices available in later periods. Over time, these path 42 

dependencies can generate lock-ins, as previous allocations, development trajectories, and 43 

planning assumptions progressively narrow the range of feasible future adaptation strategies. 44 

Under such conditions, irreversibility emerges not because change becomes impossible, but 45 

because altering earlier commitments becomes increasingly costly, constrained, or impractical. 46 

Justice therefore becomes not only a matter of how outcomes are distributed, but also of how 47 

decisions are sequenced, which assumptions guide planning, and which futures remain possible 48 

or become foreclosed (Tschakert et al., 2017; Walker, 2012). 49 

In this study, we examine justice in urban heat adaptation as a long-horizon decision problem 50 

shaped by sequential choices, path dependence, and irreversible commitments. Using tree 51 

canopy allocation in Greater Sydney as an empirical case, we operationalize three widely used 52 

theories of justice, including utilitarian, sufficientarian, and prioritarian, and examine how they 53 

perform when adaptation decisions are made sequentially, under multiple Shared Socio-54 

economic Pathways (SSPs), Representative Concentration Pathways (RCPs) and alternative 55 

investment pathways. By tracing how justice outcomes evolve as resources accumulate and 56 

earlier decisions commit systems to particular trajectories, the analysis moves beyond endpoint 57 

comparisons to reveal how procedural choices condition the feasibility of later allocations. This 58 

perspective allows justice to be evaluated not only in terms of who benefits, but in terms of 59 

when protection is delivered, which options are preserved or foreclosed, and how irreversibility 60 

reshapes the ethical stakes of heat resilience planning. Although the empirical analysis focuses 61 

on Greater Sydney, the argument applies more broadly to cities where adaptation resources are 62 

allocated incrementally under land-use constraints, climate uncertainty, and long-term planning 63 

commitments. 64 

2 Research Methodology 65 

The analysis is conducted at a granular spatial resolution using micro-scale spatial units, 66 

referred to here as microcells, that capture the scale at which heat exposure, land-use 67 

constraints, and planning decisions interact. The study area covers Greater Sydney, a large and 68 

diverse metropolitan region facing increasing heat risk under climate change and ongoing urban 69 

development. 70 

2.1 Spatial Framework and Data Preparation 71 

The urban region is discretized into a uniform grid of level-1 hexagonal microcells, each 72 

representing a fine-scale spatial unit with an effective radius of approximately 75 m, within 73 
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which land cover, built form, and climate exposure are assumed to be relatively homogeneous 74 

(Figure 1). For each microcell, we compile a comprehensive dataset including existing tree 75 

canopy cover and building footprints. Building footprint data are used to estimate the maximum 76 

feasible tree canopy that can be added within each microcell, defining a hard upper bound on 77 

allocation and ensuring that modeled adaptation remains physically plausible under planning 78 

and space constraints. 79 

 80 

 

(a) 

 

(b) 
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Figure 1. Level-1 hexagonal microcell units with an effective radius of 75 m covering the Greater Sydney region. (a), 81 
building footprints (%) in the base year (2020). (b),  urban land development (%) in the base year (2020). (c), tree 82 

canopy coverage in the base year (2020). 83 
 84 

Climate exposure is represented using daily maximum air temperature, reflecting the metric 85 

most closely associated with heat-related health risks. Future temperatures are derived from 86 

application-ready CMIP6 datasets produced by the Australian Climate Service and the NSW 87 

Government’s NARCliM2.0 project, based on an ensemble of eight climate models under SSP–88 

RCP 1-2.6, 2-4.5, and 5-8.5 scenarios (Climate Change in Australia, 2025). The data are 89 

provided as daily values on an approximately 5 km grid for decadal periods from 2040 to 2100, 90 

generated using a scaling approach that applies quantile-based changes from CMIP6 models to 91 

high-quality gridded observational and reanalysis datasets from the Bureau of Meteorology. 92 

Climate projections are downscaled to the microcell level using nearest-neighbor assignment, 93 

whereby each microcell inherits temperature values from the grid cell containing its centroid, 94 

enabling consistent estimation of projected heat exposure across the urban region. 95 

Urban development is incorporated via a decade-by-decade downscaling pipeline that converts 96 

SSP-consistent 1 km urban land projections (Gao & Pesaresi, 2021) into microcell-level 97 

projections of built-up. For each decade and scenario, we compute the implied urban expansion 98 

within each 1 km cell as the change in urban land fraction relative to the previous decade, then 99 

disaggregate that increment to the microcells contained in the cell using an iterative, capacity-100 

constrained allocation. Microcells receive shares of the 1 km increment according to weights 101 

derived from their beginning-of-decade built-up condition, with any allocation that would 102 

exceed a microcell’s remaining developable area treated as overflow and redistributed to other 103 
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microcells within the same 1 km cell until the full increment is allocated. This produces a 104 

consistent microcell-level trajectory of projected urbanization that preserves the coarse-scale 105 

totals while allowing heterogeneous fine-scale patterns (Gao & Pesaresi, 2021). 106 

We then translate projected urbanization into projected building footprints to impose time-107 

varying canopy capacity constraints. For microcells with existing buildings, building footprint 108 

density is estimated from historical observations and applied forward to the projected built-up 109 

area subject to land availability. For microcells that transition from green or undeveloped to 110 

urbanized states under specific scenarios, building footprint is inferred using a neighborhood 111 

density model calibrated on historical data: the expected building footprint is predicted from 112 

the observed footprint density of the focal microcell and its local context, defined as 113 

neighboring microcells within a five-ring radius, to assign plausible built form where local 114 

history provides no analogue. The model is used as a planning constraint rather than as a 115 

deterministic forecast of future built form, and its uncertainty matters because overestimating 116 

future footprints would understate feasible canopy space, while underestimating them would 117 

overstate future protection potential. The resulting decade-specific building footprint estimates 118 

define a hard upper bound on plantable space per microcell, ensuring that canopy allocation 119 

remains feasible under projected densification and enabling joint evaluation of climate warming 120 

and evolving spatial constraints. 121 

All datasets are harmonized spatially and temporally to ensure that each microcell is associated 122 

with a complete time series of baseline conditions, projected heat exposure, and feasible canopy 123 

capacity from 2040 through 2100. 124 

2.2 Resource Allocation Pathways 125 

Tree canopy is treated as a cumulative adaptation resource that is allocated incrementally over 126 

time (Figure 2). Rather than assuming a single investment profile, we define four distinct 127 

resource investment pathways that describe how the total available canopy is deployed across 128 

the planning horizon: a linear pathway, an early-heavy pathway that front-loads investment, a 129 

late-heavy pathway that defers investment to later decades, and a mid-heavy pathway that 130 

concentrates allocation around mid-century. Each pathway is represented as a continuous 131 

allocation function normalized to the total available resource, enabling direct comparison across 132 

scenarios independent of absolute budget size. 133 

Total resource availability is varied across a wide range, from low to high cumulative 134 

investment levels, allowing us to examine how justice outcomes evolve as adaptation moves 135 

from scarcity toward relative abundance. Once allocated, canopy persists in subsequent periods, 136 

reflecting the durability of greening interventions and reinforcing the sequential and path-137 

dependent nature of adaptation decision making. This persistence is the main physical 138 

mechanism of lock-in in the model: earlier allocations occupy part of the feasible canopy 139 

capacity and therefore reduce the space of later reallocations. However, the interpretation of 140 
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lock-in is broader, because investment schedules, scenario assumptions, and modelling choices 141 

also influence which options are considered feasible or desirable. 142 

 143 

Figure 2. Temporal allocation pathways for heat adaptation resources. Cumulative resource allocation is shown as a 144 
percentage of total available resources from 2040 to 2100 under four alternative investment pathways: linear, early-heavy, late-145 
heavy, and mid-heavy. The left panel shows continuous allocation functions over time, with dashed segments indicating the 146 
pre-2040 period and solid segments indicating allocations from 2040 onward. The right panel shows cumulative allocations 147 
evaluated at decadal decision points.  148 

2.3 Operationalizing Justice Theories 149 

We operationalize three widely discussed justice theories in the allocation of tree canopy: 150 

utilitarian, sufficientarian, and prioritarian. Each theory is implemented as a formal decision 151 

rule applied consistently across all scenarios and pathways. 152 

The utilitarian approach allocates canopy to maximize aggregate heat reduction across the urban 153 

region. Cooling benefits are estimated using a nonlinear temperature–canopy response function 154 

derived from empirical literature on urban greening and heat mitigation (Ziter et al., 2019). This 155 

function captures diminishing marginal cooling returns at higher canopy levels, ensuring that 156 

allocation decisions reflect realistic biophysical behavior. Specifically, the response function 157 

captures the empirically observed nonlinear relationship between canopy cover and urban 158 

cooling reported by Ziter et al. (2019), whereby cooling benefits vary across the canopy gradient 159 

rather than increasing linearly with added canopy. As a result, the cooling benefit of an 160 

additional unit of canopy depends on existing canopy conditions within a microcell, creating 161 

heterogeneous returns across the urban landscape.  162 

The sufficientarian approach seeks to ensure that all microcells reach a minimum acceptable 163 

level of protection. This minimum is defined using a canopy sufficiency threshold informed by 164 

urban greening benchmarks, including the widely cited 3–30–300 rule (Browning et al., 2024; 165 

Konijnendijk, 2023). Allocation prioritizes microcells below the threshold until sufficiency is 166 

achieved where feasible, after which remaining resources are distributed according to secondary 167 

criteria. 168 

The sufficientarian approach seeks to ensure that all microcells reach a minimum acceptable 169 

level of protection, motivated by urban greening benchmarks such as the 3–30–300 rule 170 
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(Browning et al., 2024; Konijnendijk, 2023). Rather than imposing a fixed canopy threshold, 171 

canopy is allocated iteratively to microcells with the lowest initial coverage, raising them 172 

stepwise to match the next higher coverage level observed in the existing distribution. The 173 

sufficiency threshold therefore emerges endogenously from the data and increases with the total 174 

amount of available resources, potentially exceeding 30% under higher amount of resources or 175 

remaining below it when resources are constrained. This implementation avoids treating 176 

sufficiency as a single universal target and instead models it as a resource-sensitive principle: 177 

the relevant question is how far the least protected locations can be raised under the available 178 

budget and space constraints. 179 

The prioritarian approach prioritizes microcells facing the greatest projected heat exposure. 180 

Here, future heat risk is estimated using projected daily maximum temperatures under each 181 

climate scenario, and canopy is allocated preferentially to locations expected to experience the 182 

most severe conditions. This embeds future-oriented concern for vulnerability directly into the 183 

allocation process. 184 

All three justice theories are subject to the same physical and planning constraints, including 185 

maximum feasible canopy per microcell and the cumulative nature of investment. 186 

2.4 Evaluating Outcomes and Sensitivity 187 

For each combination of climate scenario, investment pathway, cumulative resource level 188 

(ranging from 25 to 4000 million square meters of canopy distributed through 2100 according 189 

to the allocation pathways shown in Figure 2), and justice theory, we compute the resulting 190 

spatial distributions of canopy cover and associated heat exposure across microcells. 191 

To quantify how strongly justice theories diverge in their allocation outcomes, we calculate 192 

distributional distance between justice-based solutions while holding climate scenario, 193 

investment pathway, cumulative resource level, and year constant. For each such combination, 194 

we compute the mean microcell-level distance across all pairwise comparisons of justice 195 

theories using the L1-half distance metric. This yields a scalar value that captures how different 196 

the resulting spatial allocation patterns are across the urban region, independent of total canopy 197 

amount. 198 

For a given cumulative resource level, distributional distance values are then aggregated across 199 

all climate scenarios, investment pathways, and years. The mean distance is interpreted as the 200 

“distributional importance” of justice at that resource level, reflecting how strongly normative 201 

differences between justice theories influence outcomes. To characterize variability, we also 202 

report the 10th–90th percentile range of distance values across scenarios. To enable comparison 203 

across resource levels, all distance values are normalized to the unit interval [0, 1], where 0 204 

indicates identical allocation outcomes across justice theories and 1 represents the maximum 205 

observed divergence within the analysis. 206 
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To quantify procedural sensitivity, we assess how strongly allocation outcomes vary with 207 

changes in climate scenarios and investment pathways, holding the justice principle fixed. 208 

Rather than comparing justice theories to one another, this measure captures the dispersion of 209 

outcomes induced by scenario assumptions and sequencing choices. Procedural sensitivity 210 

therefore identifies cases where the same justice principle produces different outcomes 211 

depending on when resources are deployed, which climate future is assumed, and which urban 212 

development pathway is used. 213 

For each cumulative resource level, we compute the interquartile range (IQR) of distributional 214 

distance values across all combinations of climate scenarios, investment pathways, and years. 215 

The IQR provides a robust measure of dispersion that is less sensitive to outliers and reflects 216 

the typical spread of outcomes attributable to procedural variation. Higher IQR values indicate 217 

that outcomes are more sensitive to scenario and pathway choices, while lower values indicate 218 

relative procedural stability. As with distributional distance, procedural sensitivity values are 219 

normalized to the unit interval [0, 1]. This normalized measure is interpreted as the “procedural 220 

importance” of justice, capturing the extent to which outcomes depend on assumptions about 221 

future climate conditions and the sequencing of investment rather than on distributive principles 222 

alone. 223 

Evaluating distributional importance and procedural importance jointly allows us to distinguish 224 

disagreement arising from normative differences between justice theories from sensitivity 225 

arising from procedural choices. Tracking both measures across increasing cumulative resource 226 

levels reveals how justice shifts from distributional divergence under scarcity toward 227 

procedural dependence under abundance, as early decisions progressively constrain the set of 228 

feasible future outcomes. These two measures should not be read as ethically identical. 229 

Distributional importance captures disagreement over who receives protection, while 230 

procedural importance captures how planning assumptions and sequencing decisions shape 231 

future choice. When distributional differences are small but procedural sensitivity is high, the 232 

planning implication is not to ignore justice, but to prioritize robustness, transparency, and 233 

flexibility across plausible futures. 234 

3 Key Findings 235 

The results reveal a consistent pattern across climate scenarios, investment pathways, and 236 

cumulative resource levels. Under conditions of limited cumulative resources, different justice 237 

theories produce sharply divergent allocation outcomes. Distributional differences are 238 

substantial, and normative choices about who should be prioritized have clear and immediate 239 

consequences for which microcells receive protection and which remain exposed. Under 240 

scarcity, justice is highly contested and visibly expressed through spatial outcomes (top rows 241 

in Figure 3). 242 
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As cumulative resource investment increases, these distributional differences between justice 243 

theories decline markedly. However, this convergence does not reflect ethical agreement or the 244 

resolution of justice debates. Instead, it emerges from physical, spatial, and planning constraints 245 

that progressively saturate the feasible allocation space. As more microcells approach their 246 

maximum feasible canopy coverage, the range of meaningful allocation choices narrows. Under 247 

these conditions, different justice rules necessarily yield similar outcomes, not because their 248 

normative commitments align, but because few alternatives remain available (bottom rows in 249 

Figure 3). This is why declining distributional distance should not be interpreted as justice 250 

becoming less relevant. It may instead indicate that earlier choices have already constrained the 251 

field of possible outcomes. 252 

At the same time, procedural sensitivity increases. As resources accumulate, outcomes become 253 

more dependent on assumptions about future climate trajectories, urban development patterns, 254 

and the timing and sequencing of investment (Figure 4). Small differences in scenario 255 

assumptions or allocation pathways can lead to substantial differences in who is protected and 256 

when, even when the same justice theory is applied. Early decisions shape the set of future 257 

options and can lock in exposure patterns that are difficult or impossible to reverse later. As 258 

cumulative investment grows, visible distributional conflicts diminish, while the stakes of 259 

procedural choices rise. Justice does not disappear with abundance; it changes form. Under 260 

scarcity, justice is contested through competing distributional outcomes. Under abundance, 261 

justice is increasingly embedded in assumptions, scenarios, and sequencing decisions that 262 

determine which futures remain feasible. This does not imply that all procedural choices are 263 

equally justice-relevant. Choices that affect the timing of protection for highly exposed areas 264 

or  the preservation of future canopy capacity have greater ethical significance than choices 265 

with little effect on exposure or feasibility. 266 

The analysis also highlights structural limits to local adaptation. While local allocation 267 

decisions can redistribute heat exposure within cities, they cannot offset the scale of residual 268 

harm under more severe climate futures, such as SSP–RCP 5–8.5, at realistic levels of 269 

adaptation investment. For example, even with an additional 50 million square meters of tree 270 

canopy deployed by 2100, substantial heat exposure persists under high-emissions scenarios 271 

(left panel of Figure 5). As a result, justice debates in adaptation increasingly concern how 272 

remaining harm is distributed under conditions shaped by global mitigation success or failure. 273 

In this sense, adaptation justice becomes inseparable from questions of responsibility for, and 274 

exposure to, residual climate risk. This finding extends beyond Greater Sydney because many 275 

cities face the same combination of local adaptation limits, constrained urban space, and 276 

dependence on global mitigation trajectories. 277 
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 278 
Figure 3. Pairwise distributional distances between justice-based canopy allocation outcomes under the early-heavy 279 
investment pathway. Panels show selected cumulative resource levels (25, 100, 500, 1000, 2000, 3000, 3500, and 4000 million 280 
m²), with each curve representing the distance between a pair of justice theories. Distances are computed at the microcell level 281 
and aggregated across the urban region. Panels are ordered by increasing total resource availability. 282 
 283 
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 284 
Figure 4. Distributional and procedural justice importance as a function of total adaptation resources. The solid line 285 
shows mean distributional importance across justice theories, with the shaded band indicating the 10–90th percentile range 286 
across scenarios. The dashed line shows procedural importance, quantified as the interquartile range of outcomes across climate 287 
scenarios and investment pathways. Values are normalized to the 0–1 range, indicating the fraction of total resources whose 288 
allocation is sensitive to distributive rules or procedural choices. 289 
 290 

 291 

Figure 5. Projected mean annual temperature across microcells under the prioritarian allocation strategy and early-292 
heavy investment pathway, shown for two cumulative resource levels: 50 million m² (left) and 3000 million m² (right). 293 
Solid lines show baseline temperature trajectories under SSP 1–2.6, SSP 2–4.5, and SSP 5–8.5. Dashed lines and the 294 
associated shaded bands indicate the aggregate cooling effect produced by the allocated canopy under each resource level, 295 
expressed as the reduction in mean annual temperature across the Greater Sydney region. 296 

4 Implications 297 

These findings reframe justice in long term climate resilience as a problem of decision design 298 

rather than merely outcome evaluation. They show that justice does not fade as resources 299 

increase, but shifts from visible distributive disagreement to less visible but more consequential 300 

procedural commitments that shape future exposure. For planning practice, this means that 301 

justice assessment should begin before resources are allocated, not only after outcomes are 302 

mapped. 303 

First, the findings imply that procedural choices are not secondary technical inputs but primary 304 

determinants of justice in long horizon resilience. As cumulative investment increases, 305 

outcomes become less sensitive to distributional rules and more sensitive to assumptions about 306 

climate futures, sequencing of investments, and model structure. These procedural decisions 307 
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shape which futures remain feasible and which exposure patterns become locked in. In practical 308 

terms, this means that scenario selection, investment pathways, and modelling assumptions 309 

should be treated as justice relevant decisions that require explicit justification, documentation, 310 

and accountability, rather than being embedded implicitly within technical analyses. Planning 311 

agencies could operationalize this by requiring adaptation plans to report why particular 312 

scenarios were selected, how investment timing affects vulnerable areas, and whether 313 

alternative pathways would preserve more future flexibility. 314 

Second, the results highlight timing as a central justice mechanism in urban heat resilience. The 315 

point at which justice debates appear to fade is not when fairness has been achieved, but when 316 

earlier decisions have rendered alternative allocations infeasible. For affected communities, this 317 

distinction is critical because exposure to heat risk is cumulative and experienced over time. 318 

Resilience projects that prioritize eventual equity while delaying early protection may produce 319 

long lasting harm even under high total investment. This suggests that justice-oriented planning 320 

should evaluate not only final allocation outcomes, but the temporal distribution of protection 321 

and exposure across populations and areas. A practical implication is that project appraisal 322 

should include interim justice checks at each investment stage, especially where delayed 323 

protection would leave high-risk communities exposed for decades. 324 

Finally, these findings imply a need to reframe resilience governance around irreversibility and 325 

path dependency. As adaptation decisions accumulate, they progressively restrict future choice, 326 

increasing the ethical stakes of early procedural commitments. Justice in long term climate 327 

resilience therefore shifts from visible disagreement over outcomes to less visible but harder to 328 

reverse decisions about which futures are pursued. Embedding this perspective into planning 329 

processes would support governance approaches that make procedural commitments explicit, 330 

preserve flexibility where possible, and recognise that the most consequential justice decisions 331 

may occur long before distributional outcomes converge. For other cities, the specific canopy, 332 

temperature, and development data will differ, but the governance problem is similar: 333 

adaptation pathways should be assessed for how they distribute benefits now, how they preserve 334 

future options, and how they avoid locking in avoidable exposure. 335 

5 References 336 

Anguelovski, I., Connolly, J. J., Cole, H., Garcia-Lamarca, M., Triguero-Mas, M., Baró, F., 337 

Martin, N., Conesa, D., Shokry, G., & Del Pulgar, C. P. (2022). Green gentrification in 338 

European and North American cities. Nature communications, 13(1), 3816.  339 

Browning, M., Locke, D. H., Konijnendijk, C., Labib, S., Rigolon, A., Yeager, R., Bardhan, 340 

M., Berland, A., Dadvand, P., & Helbich, M. (2024). Measuring the 3-30-300 rule to 341 

help cities meet nature access thresholds. Science of the Total Environment, 907, 342 

167739.  343 

Climate Change in Australia. (2025). CMIP6 Application-ready gridded datasets. Retrieved 9 344 

January 2026 from https://www.climatechangeinaustralia.gov.au/en/obtain-345 

data/download-datasets/ 346 

https://www.climatechangeinaustralia.gov.au/en/obtain-data/download-datasets/
https://www.climatechangeinaustralia.gov.au/en/obtain-data/download-datasets/


12 

 

Gao, J., & Pesaresi, M. (2021). Downscaling SSP-consistent global spatial urban land 347 

projections from 1/8-degree to 1-km resolution 2000–2100. Scientific Data, 8(1), 281.  348 

García-Lamarca, M., Anguelovski, I., & Venner, K. (2022). Challenging the financial capture 349 

of urban greening. Nature communications, 13(1), 7132.  350 

Haasnoot, M., Kwakkel, J. H., Walker, W. E., & Ter Maat, J. (2013). Dynamic adaptive policy 351 

pathways: A method for crafting robust decisions for a deeply uncertain world. Global 352 

environmental change, 23(2), 485-498.  353 

Hallegatte, S. (2009). Strategies to adapt to an uncertain climate change. Global environmental 354 

change, 19(2), 240-247.  355 

Hsu, A., Sheriff, G., Chakraborty, T., & Manya, D. (2021). Disproportionate exposure to urban 356 

heat island intensity across major US cities. Nature communications, 12(1), 2721.  357 

Konijnendijk, C. C. (2023). Evidence-based guidelines for greener, healthier, more resilient 358 

neighbourhoods: Introducing the 3–30–300 rule. Journal of forestry research, 34(3), 359 

821-830.  360 

Li, M., Meng, B., Geng, Y., Tong, F., Gao, Y., Yamano, N., Lim, S., Guilhoto, J., Uno, K., & 361 

Chen, X. (2025). Inequitable distribution of risks associated with occupational heat 362 

exposure driven by trade. Nature communications, 16(1), 537.  363 

Masselot, P., Mistry, M., Vanoli, J., Schneider, R., Iungman, T., Garcia-Leon, D., Ciscar, J.-C., 364 

Feyen, L., Orru, H., & Urban, A. (2023). Excess mortality attributed to heat and cold: a 365 

health impact assessment study in 854 cities in Europe. The Lancet Planetary Health, 366 

7(4), e271-e281.  367 

Meerow, S., Newell, J. P., & Stults, M. (2016). Defining urban resilience: A review. Landscape 368 

and urban planning, 147, 38-49.  369 

Mitchell, B. C., & Chakraborty, J. (2014). Urban heat and climate justice: a landscape of 370 

thermal inequity in Pinellas County, Florida. Geographical Review, 104(4), 459-480.  371 

Pakizeh, A. H., Naderpajouh, N., & Johnson, D. R. (2026). Operational definitions of justice 372 

produce different outcomes in urban heat resilience projects. Cities, 171, 106715.  373 

Seto, K. C., Güneralp, B., & Hutyra, L. R. (2012). Global forecasts of urban expansion to 2030 374 

and direct impacts on biodiversity and carbon pools. Proceedings of the National 375 

Academy of Sciences, 109(40), 16083-16088.  376 

Stechemesser, A., & Wenz, L. (2023). Inequality in behavioural heat adaptation: an empirical 377 

study with mobility data from the transport system in New York City, NY, USA. The 378 

Lancet Planetary Health, 7(10), e798-e808.  379 

Strange, K. F., March, H., & Satorras, M. (2024). Incorporating climate justice into adaptation 380 

planning: The case of San Francisco. Cities, 144, 104627.  381 

Tschakert, P., Barnett, J., Ellis, N., Lawrence, C., Tuana, N., New, M., Elrick‐Barr, C., Pandit, 382 

R., & Pannell, D. (2017). Climate change and loss, as if people mattered: values, places, 383 

and experiences. Wiley Interdisciplinary Reviews: Climate Change, 8(5), e476.  384 

Tuholske, C., Caylor, K., Funk, C., Verdin, A., Sweeney, S., Grace, K., Peterson, P., & Evans, 385 

T. (2021). Global urban population exposure to extreme heat. Proceedings of the 386 

National Academy of Sciences, 118(41), e2024792118.  387 

Tyler, S., & Moench, M. (2012). A framework for urban climate resilience. Climate and 388 

Development, 4(4), 311-326.  389 

Walker, G. (2012). Environmental justice: concepts, evidence and politics. Routledge.  390 

Walker, S., Smith, E., Bennett, N., Bannister, E., Narayana, A., Nuckols, T., Velez, K. P., 391 

Wrigley, J., & Bailey, K. (2024). Defining and conceptualizing equity and justice in 392 

climate adaptation. Global environmental change, 87, 102885.  393 

Werners, S. E., Wise, R. M., Butler, J. R., Totin, E., & Vincent, K. (2021). Adaptation 394 

pathways: A review of approaches and a learning framework. Environmental science & 395 

policy, 116, 266-275.  396 



13 

 

Wise, R. M., Fazey, I., Smith, M. S., Park, S. E., Eakin, H. C., Van Garderen, E. A., & 397 

Campbell, B. (2014). Reconceptualising adaptation to climate change as part of 398 

pathways of change and response. Global environmental change, 28, 325-336.  399 

Ziter, C. D., Pedersen, E. J., Kucharik, C. J., & Turner, M. G. (2019). Scale-dependent 400 

interactions between tree canopy cover and impervious surfaces reduce daytime urban 401 

heat during summer. Proceedings of the National Academy of Sciences, 116(15), 7575-402 

7580.  403 

 404 


