
Article Not peer-reviewed version

Climate Change Impacts on Maximum

Aviation Payloads of Chinese Airports

Haijun Song , Tinglong Zhang * , Jian Zou , Xianbiao Kang *

Posted Date: 14 April 2025

doi: 10.20944/preprints202504.1069.v1

Keywords: Climate change; Aviation; Maximum take-off weight; chinese airports

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0

license, which permit the free download, distribution, and reuse, provided that the author

and preprint are cited in any reuse.

https://sciprofiles.com/profile/3235152
https://sciprofiles.com/profile/4363872
https://sciprofiles.com/profile/3112103


 

 

Article 

Climate Change Impacts on Maximum Aviation 
Payloads of Chinese Airports 
Haijun Song 1, Tinglong Zhang 1,*, Jian Zou 2 and Xianbiao Kang 1,* 

1 College of Aviation Meteorology, Civil Aviation Flight University of China, Guanghan 618307, China; shj@cafuc.edu.cn 
(H.S.); xianbiaokang@cafuc.edu.cn (X.K.) 

2 Sichuan Airlines Co. Ltd, Chengdu 610202, China; 011340@sichuanair.com(J.Z.) 
* Correspondence: tlzhang@cafuc.edu.cn (T.Z.), xianbiaokang@cafuc.edu.cn 

Abstract: This study examines how climate change affects maximum aviation payload capacity across 
Chinaʹs diverse airport network. Analyzing projections from 30 CMIP6 models under the SSP5-8.5 
scenario, specifically we quantify temperature and pressure effects on Maximum take-off weight 
(MTOW) at 184 Chinese airports. Results reveal that while all airports experience MTOW reductions 
by 2081-2100, high-plateau airports (>2,438m) face more moderate decreases (-1.25%) than plain 
airports (<1,500m) (-1.72%). This counterintuitive pattern stems from elevation-dependent pressure 
compensation: high-altitude regions benefit from significant pressure increases (4.6 hPa) that 
partially offset temperature-induced density reductions, while lowland areas receive minimal 
pressure compensation (0.9 hPa). For commercial aircraft, these changes translate to 1.3-2.9 tons 
payload reduction for narrow-body aircraft at plain airports. Our findings demonstrate how 
topography modulates climate impacts on aviation operations, highlighting the need for regionally-
tailored adaptation strategies with focus on economically vital lowland hubs. 

Keywords: climate change; aviation; maximum take-off weight; Chinese airports 
 

1. Introduction 
Air transportation plays a critical role in global connectivity and economic development, serving 

as an efficient means for transporting passengers and cargo across vast distances. The aviation 
industry, however, operates at the intersection of technological capabilities and environmental 
constraints, with aircraft performance being significantly influenced by atmospheric conditions[1–3]. 
This environmental sensitivity directly affects the economic fundamentals of air transport through 
its impact on maximum aviation payload—the total weight of passengers, cargo, and fuel that an 
aircraft can carry[4]. This payload capacity is of paramount importance for both economic viability 
and operational efficiency of commercial flights, with research showing that a mere 1% reduction in 
payload capacity can diminish route profitability by 3-5%, directly affecting airlinesʹ operational 
decisions and long-term sustainability. 

This maximum payload is directly constrained by an aircraftʹs MTOW, which represents the 
heaviest weight at which the aircraft is certified to take off safely. MTOW is fundamentally limited 
by the aircraftʹs ability to generate sufficient lift during takeoff, which depends on air density 
conditions at the runway[5]. Irrespective of aircraft design—whether fixed-wing or helicopters, jets 
or propellers—MTOW is directly proportional to near-surface air density (SAD). This critical 
relationship underscores the vulnerability of aviation operations to changes in atmospheric 
parameters, particularly air density, which is determined by both near-surface air temperature (SAT) 
and near-surface air pressure (SAP). 

Recent research has documented climate change impacts already manifesting in aviation 
operations[6–10]. For instance, Coffel et al. developed a comprehensive model projecting that as 
temperatures rise, 10-30% of annual flights departing during daily maximum temperatures may 
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require weight restrictions, with reductions ranging from 0.5 to 4% of total payload and fuel capacity 
by mid- to late century. Their research highlighted that airports with short runways, high 
temperatures, or high elevations would face the most significant operational challenges[11]. 
Similarly, Coffel and Horton quantified these impacts more specifically, projecting that weight-
restriction days between May and September will increase by 50%-200% at four major U.S. airports 
by 2050-70 under the RCP8.5 emissions scenario[12]. However, existing research on climate change 
impacts on aviation has predominantly focused on how rising temperatures affect take-off 
performance, overlooking the important role of air pressure in determining air density[13–15]. While 
temperature effects are well-documented, current literature lacks depth in analyzing potential 
compensatory effects from pressure changes under climate scenarios, leaving a significant gap in our 
understanding of comprehensive climate impacts on maximum payloads. 

This critical gap in understanding the interplay between temperature and pressure variations 
becomes particularly significant in regions with diverse topographical features like China. The 
existing literatureʹs focus on temperature alone creates an incomplete picture of climate change 
impacts on aviation, as pressure effects may partially offset or amplify temperature-induced changes 
in air density, especially across varied elevations[16,17]. Most prior investigations have either focused 
exclusively on temperature effects or examined isolated airport case studies in similar geographical 
settings, failing to capture the complex interactions between climate variables across heterogeneous 
landscapes[18–20]. This methodological limitation is especially problematic when evaluating regions 
with substantial elevation gradients, where both temperature and pressure responses to climate 
change may vary significantly with altitude, creating regionally differentiated impacts on aviation 
operations that current models cannot adequately predict. 

China presents a particularly compelling case study due to three key factors. First, its vast 
geographical expanse encompasses remarkably varied terrain—from high-altitude plateaus 
exceeding 4,000 meters to coastal plains near sea level—creating a natural laboratory for examining 
topographically differentiated climate responses. Second, China has developed the worldʹs second-
largest aviation market with one of the fastest growth rates globally, making its operational resilience 
economically significant. Third, with 184 major-city transport airports distributed across different 
climatic zones and elevations, Chinese aviation infrastructure presents a comprehensive dataset for 
systematic investigation of climate-topography interactions in aviation contexts. Understanding how 
climate change differentially affects the maximum payload capacity across this diverse landscape is 
essential for long-term aviation planning and infrastructure development. 

This study aims to address these research gaps through three specific objectives: 
(1) Quantify the impacts of climate change on maximum aviation payloads across Chinese 

airports by comprehensively analyzing both temperature and pressure changes under the high-
emission SSP5-8.5 scenario. 

(2) Analyze how topographical context modulates these impacts by comparing three distinct 
elevation categories—high-plateau, plateau, and plain airports—thereby revealing the spatial 
heterogeneity of climate change vulnerabilities across Chinaʹs aviation network. 

(3) Evaluate the mechanisms through which temperature and pressure changes interact to 
produce elevation-dependent outcomes for aviation payload capacities, providing insights for 
targeted adaptation strategies. 

Through this investigation, we provide the first comprehensive assessment of how the complex 
interplay between projected temperature and pressure changes affects aviation operations across 
topographically diverse regions, thereby addressing a critical knowledge gap in climate change 
adaptation for the aviation sector. 

2. Data and Methodology 
2.1. Data 

This study utilizes three primary data sources to investigate climate change impacts on aviation 
operations across Chinaʹs topographically diverse landscape: 
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(1) Climate Projections: We employ SAT and SAP data from 30 Coupled Model Intercomparison 
Project Phase 6 (CMIP6) models (Table 1)[21]. These models represent state-of-the-art climate 
simulations with enhanced capabilities and climate sensitivity compared to their CMIP5 
predecessors[22,23]. We analyze projections under both historical and high-emission SSP5-8.5 
scenarios, focusing on two time periods: 1995-2014 (current climate) and 2081-2100 (late 21st-century 
climate). 

(2) Topographical Data: Terrain elevation information is derived from the ETOPO1 dataset, 
which provides 1 arc-minute resolution global relief data[24]. This high-resolution topographical 
information enables detailed mapping of elevation-dependent climate impacts across Chinaʹs 
complex terrain. 

(3) Airport Information: Locations and operational data for 184 major-city transport airports 
across China, categorized according to Civil Aviation Administration of China (CAAC) regulations 
into high-plateau (elevation >2,438m), plateau (1,500-2,438m), and plain airports (<1,500m). 

Our data processing follows a systematic three-step approach: 
(1) Interpolation of multi-model climate outputs to a uniform 1° × 1° resolution grid covering 

China 
(2) Calculation of time-averaged SAT and SAP for each model during both time periods 
(3) Derivation of multi-model ensemble means for each grid cell to minimize individual model 

biases 
The high-emission SSP5-8.5 scenario was selected to maximize the signal-to-noise ratio in 

climate change responses, providing clearer visualization of the spatial patterns of impacts. This 
approach is justified by the relatively linear scaling of temperature and pressure responses with 
global warming, allowing straightforward adjustment of our results to less intense warming 
scenarios through proportional scaling. 

Table 1. Characteristics of the CMIP6 models used in this study, including model names and their 
corresponding developing institutions. 

Model Name Institution 

ACCESS-CM2 
CSIRO (Commonwealth Scientific and Industrial Research Organisation, 

Aspendale), ARCCSS (Australian Research Council Centre of Excellence for 
Climate System Science) 

ACCESS-ESM1-5 CSIRO 
BCC-CSM2-MR Beijing Climate Center 

CanESM5-CanOE Canadian Centre for Climate Modelling and Analysis, Environment and 
Climate Change Canada CanESM5 

CESM2 NCAR (National Center for Atmospheric Research, Climate and Global 
Dynamics Laboratory) CESM2-WACCM 

CNRM-CM6-1 CNRM (Centre National de Recherches Meteorologiques), CERFACS (Centre 
Europeen de Recherche et de Formation Avancee en Calcul Scientifique) CNRM-CM6-1-HR 

CNRM-ESM2-1 
EC-Earth3 

EC-Earth-Consortium,Europe-wide consortium EC-Earth3-Veg 
FGOALS-f3-L Chinese Academy of Sciences 
FGOALS-g3 
GFDL-CM4 National Oceanic and Atmospheric Administration, Geophysical Fluid 

Dynamics Laboratory GFDL-ESM4 
GISS-E2-1-G Goddard Institute for Space Studies 
INM-CM4-8 

Institute for Numerical Mathematics, Russian Academy of Science INM-CM5-0 
IPSL-CM6A-LR Institut Pierre Simon Laplace 

KACE-1-0-G National Institute of Meteorological Sciences/Korea Meteorological 
Administration, Climate Research Division 
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MCM-UA-1-0 Consortium for Mathematics and Its Applications 
MIROC6 JAMSTEC (Japan Agency for Marine-Earth Science and Technology), AORI 

(Atmosphere and Ocean Research Institute, The University of Tokyo), NIES 
(National Institute for Environmental Studies), and R 

CCS (RIKEN Center for Computational Science) 
MIROC-ES2L 

MPI-ESM1-2-HR Max Planck Institute for Meteorology, Germany 
MPI-ESM1-2-LR Max Planck Institute for Meteorology 

MRI-ESM2-0 Meteorological Research Institute, Japan 
NESM3 Nanjing University of Information Science and Technology 

NorESM2-LM NorESM Climate modeling Consortium consisting of CICERO (Center for 
International Climate and Environmental Research) NorESM2-MM 

UKESM1-0-LL 

Met Office Hadley Centre; Natural Environment Research Council; National 
Institute of Meteorological Sciences/Korea Meteorological Administration, 
Climate Research Division; National Institute of Water and Atmospheric 

Research 

2.2. Methodology 

Our methodology establishes a quantitative pathway from climate model projections to aviation 
payload capacity across Chinaʹs topographically diverse landscape. The framework is built upon the 
fundamental aerodynamic relationship between aircraft lift generation and atmospheric conditions. 

Aircraft are sustained by aerodynamic lift, and the MTOW can be expressed through the 
equation[5]: 

𝑀𝑇𝑂𝑊 = 𝑀𝜌௔|𝑉଴|ሬሬሬሬሬሬሬ⃑ ଶ 

where 𝑀 encompasses the aircraftʹs mechanical properties including wing span area, attack angle, 
and fuselage-wing interaction; 𝜌௔  represents air density; and |𝑉଴ሬሬሬ⃑ |  denotes the aircraftʹs take-off 
speed (defined as the velocity attained immediately prior to turnover for the initial climbing phase). 
When take-off speed is considered an inherent aircraft characteristic determined by design 
specifications, air density emerges as the sole environmental determinant directly proportional to 
MTOW. This direct proportionality means that percentage changes in air density translate to 
equivalent percentage changes in maximum payload capacity. 

Air density is derived from atmospheric state variables using the equation[25-26]: 

𝜌௔ = 𝑃/(𝑅ௗ𝑇(1 + 0.608𝑞)) 
where 𝑃  represents SAP (Pa), 𝑅ௗ  is the specific gas constant for dry air (approximately 287 

J/kg/K), 𝑇 denotes SAT (K), and 𝑞 is specific humidity (g/g).  
While specific humidity contributes to air density calculations, its influence is substantially 

smaller compared to temperature and pressure effects. Our analysis therefore focuses on these two 
dominant parameters when calculating near-surface air density changes under climate change 
scenarios. 

To isolate the individual contributions of temperature and pressure to overall MTOW changes, 
we employ a factor separation approach: 

(1) Temperature-only effect: Calculate air density using projected future temperatures combined 
with historical baseline pressures 

(2) Pressure-only effect: Calculate air density using projected future pressures combined with 
historical baseline temperatures 

(3) Combined effect: Calculate air density using both projected future temperatures and 
pressures 
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For each approach, percentage changes in MTOW are calculated as: 𝜌௔೛ೝ೚ೕ೐೎೟೐೏ − 𝜌௔೓೔ೞ೟೚ೝ೔೎ೌ೗𝜌௔೓೔ೞ೟೚ೝ೔೎ೌ೗ × 100% 

This methodology allows us to decompose the net climate change impact into its temperature 
and pressure components, revealing how these factors interact differently across Chinaʹs varied 
topography to produce spatially heterogeneous outcomes for aviation operations. 

A critical assumption in our analysis is that the unavoidable load (empty weight) of existing 
aircraft remains constant throughout the twenty-first century, irrespective of potential technological 
advancements in aircraft design. This conservative approach ensures that our results represent the 
direct climate change effect on payload capacity independent of potential technological adaptation 
measures. 

3. Results 
3.1. Spatial Patterns of MTOW Change Under Climate Change 

Figure 1 illustrates the spatial heterogeneity of topography, surface air density (SAD), and 
projected climate change impacts across Chinaʹs diverse landscape. This comprehensive visualization 
reveals the complex interplay between geographical features and climate responses that collectively 
shape the future operating environment for Chinaʹs aviation network. 

The pronounced topographical variation depicted in Figure 1a highlights Chinaʹs complex 
terrain, characterized by the imposing Tibetan Plateau in the southwest (elevations exceeding 
4,000m), transitioning to moderate-elevation plateaus in central regions (1,500-2,500m), and 
culminating in extensive lowland plains along the eastern seaboard (generally below 500m). This 
topographical diversity creates dramatically different baseline operating conditions for airports 
across the country, with immediate implications for their climate change vulnerability. 

The baseline distribution of SAD (Figure 1b) exhibits a clear inverse relationship with elevation, 
following fundamental atmospheric physics principles. The Tibetan Plateau shows substantially 
lower SAD values (approximately 0.8-0.9 kg/m³) compared to the eastern plains (typically 1.1-1.2 
kg/m³), representing a 25-30% difference in baseline air density. This substantial gradient directly 
translates to proportional differences in aircraft lift generation capacity and maximum payload under 
current climate conditions, with high-plateau airports already operating under significant density-
altitude constraints compared to their lowland counterparts. 

The projected changes in SAD under the SSP5-8.5 scenario (Figure 1c) reveal a spatially 
heterogeneous pattern that cannot be explained by elevation alone. While all regions exhibit 
decreases in SAD ranging from -0.01 to -0.03 kg/m³, the magnitude of these decreases varies 
significantly across different topographical contexts. Notably, high-elevation regions like portions of 
the Tibetan Plateau show comparatively smaller reductions (-0.01 to -0.02 kg/m³) despite 
experiencing more pronounced warming, while eastern plain areas generally face larger decreases (-
0.02 to -0.03 kg/m³) despite more moderate temperature increases. This counter-intuitive pattern 
suggests that complex interactions between temperature and pressure changes under climate 
warming produce regionally differentiated outcomes that defy simple elevation-based predictions. 

The resultant spatial distribution of percentage changes in MTOW (Figure 1d) directly mirrors 
the pattern of SAD changes, reflecting the proportional relationship between air density and MTOW 
established in our methodology. Eastern plain regions, which host Chinaʹs busiest aviation hubs 
serving its most economically active regions, face the most substantial reductions in MTOW 
(generally -1.5% to -2.5%). In contrast, high-plateau areas experience more moderate decreases 
(ranging from -1.0% to -1.5%). This spatial differentiation in MTOW changes carries significant 
implications for Chinaʹs aviation infrastructure planning, as it indicates that climatologically 
advantaged lowland airports may paradoxically face more severe operational constraints under 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 April 2025 doi:10.20944/preprints202504.1069.v1

https://doi.org/10.20944/preprints202504.1069.v1


 6 of 12 

 

future climate conditions than their high-elevation counterparts, which have traditionally operated 
under more challenging atmospheric circumstances. 

 

Figure 1. Spatial distribution of (a) terrain elevation (m) across China; (b) long-term average of historical 
surface air density (SAD) (kg/m³); (c) projected changes in SAD (kg/m³) under the SSP5-8.5 scenario (2081-2100 
minus 1995-2014); and (d) corresponding percentage changes in MTOW (%). Black dots indicate the locations 

of 184 major-city transport airports analyzed in this study. 

3.2. Thermal Effects on Aviation Payload Capacity 

To provide a deeper understanding of the mechanisms driving the spatial heterogeneity in 
MTOW changes, we decomposed the net climate change impact into its temperature and pressure 
components. Figure 2 illustrates the thermal effects on aviation payload capacity, revealing how 
temperature increases modify air density patterns across Chinaʹs diverse topography. 

The historical baseline distribution of SAT (Figure 2a) exhibits a pronounced latitudinal gradient 
across China, with warmer temperatures in southern regions (typically 15-25°C) and cooler 
conditions in northern and high-elevation areas (generally -5 to 15°C). This temperature distribution 
fundamentally influences baseline air density patterns and, consequently, the reference MTOW 
capabilities across Chinaʹs airport network. The clear temperature gradient creates a corresponding 
inverse gradient in air density, contributing to the pattern observed in Figure 1b. 

Under the SSP5-8.5 scenario, the projected SAT changes (Figure 2b) demonstrate substantial 
warming throughout China, with temperature increases ranging from approximately 4°C to 6°C by 
the late 21st century. This warming is not uniform but displays significant spatial heterogeneity 
across Chinaʹs diverse topography. High-elevation regions, particularly across the Tibetan Plateau, 
exhibit pronounced warming (5-6°C), consistent with the elevation-dependent warming 
phenomenon documented in mountainous regions worldwide. Northwestern arid regions also show 
stronger warming signals (5-6°C), while southeastern coastal areas experience comparatively 
moderate temperature increases (4-5°C). This spatially differentiated warming pattern creates 
corresponding variations in thermal expansion effects on air density. 
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The isolated temperature contribution to MTOW changes (Figure 2c) reveals consistently 
negative values across all regions, ranging from approximately -1.5% to -2.5%. This pattern confirms 
that projected temperature increases universally reduce air density through thermal expansion of air, 
diminishing MTOW capabilities across Chinaʹs entire airport network. The spatial pattern of 
temperature-induced MTOW changes broadly corresponds to the warming pattern, with regions 
experiencing greater warming generally showing more pronounced MTOW reductions. However, 
this correspondence is not perfect, as the percentage impact on MTOW depends on the ratio between 
the density change and the baseline density, which varies with elevation. 

The consistently negative temperature effect across all regions demonstrates that warming-
induced thermal expansion represents a universal challenge for aviation operations under climate 
change, requiring adaptation strategies regardless of geographical context. This finding aligns with 
previous research focused on temperature impacts but, as we demonstrate in the following section, 
tells only part of the story regarding climate change effects on aviation operations. 

 

Figure 2. Spatial patterns of (a) long-term average of historical SAT (°C) (1995-2014); (b) projected changes in 
SAT (°C) under the SSP5-8.5 scenario (2081-2100 minus 1995-2014); and (c) corresponding percentage changes 
in MTOW (%) attributable solely to SAT changes. Results are derived from the multi-model ensemble mean of 

CMIP6 models. 

3.3. Baric Effects on Aviation Payload Capacity 

Complementing our analysis of temperature effects, we examined the influence of projected 
pressure changes on aviation payload capacity through a parallel analytical framework. Figure 3 
illustrates the spatial patterns of SAP and its specific contribution to MTOW variations across Chinaʹs 
diverse landscape, revealing a critical compensatory mechanism that modulates the overall climate 
impact on aviation operations. 

The historical baseline distribution of SAP (Figure 3a) exhibits a distinct topographically-
controlled pattern, with pronounced low-pressure conditions over the Tibetan Plateau 
(approximately 600-700 hPa) gradually transitioning to higher pressure regimes along the eastern 
plains (generally 950-1020 hPa). This pressure gradient directly reflects the exponential decrease of 
atmospheric pressure with elevation according to the barometric formula. The substantial pressure 
differences across Chinaʹs varied terrain directly translate to proportional differences in air density, 
explaining much of the pattern observed in Figure 1b. 

The projected changes in SAP under the SSP5-8.5 scenario (Figure 3b) reveal a spatially 
differentiated pattern strongly correlated with topography. High-elevation regions, particularly 
across the Tibetan Plateau, exhibit substantial pressure increases (3-5 hPa), while eastern plain areas 
show minimal changes (0-1 hPa). This elevation-dependent pressure response emerges from the 
fundamental physical processes governing climate change effects on atmospheric circulation. As the 
atmosphere warms, it expands vertically, leading to a redistribution of atmospheric mass that 
increases surface pressure preferentially at higher elevations. This effect is most pronounced in high-
plateau regions where baseline pressure is lower, creating a compensatory mechanism that partially 
offsets the temperature-induced density reductions in these areas. 
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The isolated pressure contribution to MTOW changes (Figure 3c) reveals consistently positive 
values across all regions, though with substantial magnitude variations ranging from negligible 
effects in eastern plains (approximately 0-0.2%) to significant enhancements in high-plateau regions 
(0.5-0.8%). This pattern demonstrates that projected pressure increases partially counteract the 
adverse effects of warming on air density and MTOW capabilities, particularly in high-elevation 
regions. The compensatory effect operates through a straightforward physical mechanism: higher 
pressure compresses air, increasing its density and enhancing aircraft lift generation capacity. 

The differentiated pressure response across Chinaʹs topographical gradient explains the 
seemingly counter-intuitive pattern of net MTOW changes observed in Figure 1d. Despite 
experiencing slightly higher warming (5.5°C compared to 5.3°C at plain airports), high-plateau 
airports benefit from substantial pressure compensation, resulting in more moderate net MTOW 
reductions compared to lowland airports. This finding highlights the critical importance of 
considering both temperature and pressure variations in comprehensive assessments of climate 
change impacts on aviation operations, especially in regions with complex topographical 
characteristics. 

 

Figure 3. Spatial patterns of (a) long-term average of historical SAP (hPa) (1995-2014); (b) projected changes in 
SAP (hPa) under the SSP5-8.5 scenario (2081-2100 minus 1995-2014); and (c) corresponding percentage changes 
in MTOW (%) attributable solely to SAP changes. Results are derived from the multi-model ensemble mean of 

CMIP6 models. 

3.4. Elevation-Dependent Climate Impacts on Aviation Operations 

To further elucidate the topographical dependence of climate change impacts on aviation 
operations, we conducted a comprehensive analysis of the relationship between airport elevation and 
projected MTOW changes across Chinaʹs diverse terrain (Figure 4). 

Figure 4 illuminates the relationship between airport elevation and projected changes in MTOW 
across 184 Chinese airports, providing a clear visualization of the elevation-dependent impacts of 
climate change on aviation operations. Following Civil Aviation Administration of China regulations, 
airports are categorized into three distinct classes based on elevation thresholds: High Plateau 
airports (elevation exceeding 2438 meters), Plateau airports (elevation between 1500 and 2438 
meters), and Plain airports (elevation below 1500 meters). This classification has operational 
significance, with different takeoff and landing procedures, equipment requirements, and pilot 
qualifications applicable to each category. 

The scatter plot reveals pronounced heterogeneity in climate change impacts across this 
topographical gradient. The black dots, representing the net MTOW changes resulting from 
combined climate effects, exhibit a clear positive correlation with elevation—higher-elevation 
airports generally experience less severe reductions in MTOW compared to their lower-elevation 
counterparts. This counter-intuitive pattern challenges conventional expectations that airports 
operating in more challenging high-altitude environments would be more vulnerable to climate 
change impacts. 

The differential contributions of SAT and SAP changes, represented by red and blue dots 
respectively, provide a mechanistic explanation for this elevation-dependent pattern. The red dots, 
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denoting temperature-induced MTOW changes, display consistently negative values across all 
elevation categories, ranging from approximately -1.5% to -2.5%. This relatively uniform distribution 
indicates that warming-induced thermal expansion of air universally reduces air density and 
consequently diminishes MTOW capabilities regardless of topographical context. 

Conversely, the blue dots, representing pressure-induced MTOW changes, exhibit a strong 
positive correlation with elevation. Plain airports experience minimal pressure-related MTOW 
enhancements (approximately 0-0.2%), while High Plateau airports benefit from substantial pressure-
related compensatory effects (approximately 0.5-0.8%). This stark difference in pressure response 
across the elevation gradient explains the topographical differentiation in net climate impacts. 

The mechanism behind this elevation-dependent pressure response lies in the atmospheric 
dynamics under global warming. As the atmosphere warms, it expands vertically, redistributing 
atmospheric mass in a way that disproportionately increases surface pressure at higher elevations. 
This compensatory pressure increase partially offsets the negative temperature effects at high-
elevation airports while providing minimal mitigation for lowland facilities. This finding highlights 
the complex, non-linear interactions between climate change, atmospheric physics, and 
topographical context that shape aviation vulnerability across diverse landscapes. 

 

Figure 4. Relationship between airport elevation (m) (x-axis) and projected percentage changes in MTOW (%) 
(y-axis) for 184 Chinese airports. Black dots represent total MTOW changes due to combined climate change 
effects, blue dots indicate the contribution from SAP changes, and red dots show the contribution from SAT 

changes. The data points demonstrate the differential impacts of climate change on aviation operations across 
varying topographical contexts under the SSP5-8.5 scenario (2081-2100 compared to 1995-2014). 

To provide a more comprehensive quantitative assessment of climate change impacts across 
Chinaʹs topographically diverse airport network, Table 2 presents a systematic analysis of projected 
changes in key atmospheric parameters and their corresponding effects on MTOW capabilities. 

Table 2 quantifies the differential impacts of climate change across Chinaʹs topographically 
stratified airport infrastructure under the SSP5-8.5 scenario. High Plateau airports, situated at 
elevations exceeding 2438 meters, are projected to experience the most pronounced warming (mean 
increase of 5.5°C) coupled with substantial pressure enhancements (average 4.6 hPa). This 
combination results in counteracting effects on air density: the considerable temperature increase 
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induces a substantial MTOW reduction of -1.95%, while the concurrent pressure increase partially 
compensates with a positive MTOW contribution of 0.70%. Consequently, High Plateau airports face 
a moderated net MTOW reduction of -1.25%, despite their heightened exposure to temperature 
extremes. 

Plateau airports, positioned at intermediate elevations between 1500 and 2438 meters, exhibit a 
more moderate warming signal (4.9°C) and pressure increase (3.2 hPa). These atmospheric 
modifications translate to a temperature-induced MTOW reduction of -1.70% that is partially offset 
by a pressure-related enhancement of 0.40%, yielding a net MTOW decrease of -1.30%. This 
intermediary position in both elevation and climate response demonstrates the gradational nature of 
climate impacts across Chinaʹs topographical gradient. 

Plain airports, predominating in lowland regions below 1500 meters, paradoxically face the most 
severe operational constraints despite experiencing intermediate warming (5.3°C). The minimal 
pressure increase projected for these regions (merely 0.9 hPa) provides negligible compensation 
(0.12%) against the substantial temperature-induced MTOW reduction (-1.84%), resulting in the most 
pronounced net MTOW decrease (-1.72%) among all airport categories. This finding challenges 
conventional wisdom regarding climate vulnerability, as these traditionally advantaged lowland 
facilities appear most susceptible to climate change impacts on payload capacity. 

These quantitative results highlight the importance of considering the complex interplay 
between elevation-dependent climate responses when assessing aviation infrastructure vulnerability. 
The inverse relationship between elevation and net MTOW reduction demonstrates that 
topographical context significantly modulates climate change resilience across Chinaʹs aviation 
network, necessitating regionally differentiated adaptation strategies. 

Table 2. Summary of climate change impacts on MTOW across different topographical categories of Chinese 
airports under the SSP5-8.5 scenario (2081-2100 compared to 1995-2014). The table presents mean values of 
projected changes in impact factors (SAT in °C and SAP in hPa) and their corresponding contributions to 
MTOW changes (%). The rightmost column shows the combined effect (%) of both factors. Airports are 

categorized as high-plateau, plateau, and plain based on elevation thresholds. 

 
Impact factor changesMTOW changes (%) 
SAT(℃) SAP(hPa) SAT SAP SSP585 

High Plateau airports 5.5 4.6 -1.95 0.70 -1.25 
Plateau airports 4.9 3.2 -1.70 0.40 -1.30 

Plain airports 5.3 0.9 -1.84 0.12 -1.72 

This elevation-dependent climate response has significant implications for Chinaʹs aviation 
infrastructure planning and adaptation strategies. The finding that traditionally advantaged lowland 
airports face more severe payload reductions than their high-elevation counterparts suggests that 
adaptation priorities may need reconsideration. While high-plateau airports have historically 
operated under more restrictive conditions due to their challenging elevation, their relative resilience 
to climate change impacts may reduce the need for additional adaptive measures. Conversely, 
lowland airports that have traditionally operated with substantial payload margins may require more 
significant operational adjustments or infrastructure investments to maintain their economic viability 
under future climate conditions. 

In practical terms, a 1.72% reduction in MTOW for Plain airports translates to approximately 
1.3-2.9 tons of payload reduction for typical narrow-body aircraft (e.g., Boeing 737 or Airbus A320) 
and 4.7-8.6 tons for wide-body aircraft (e.g., Boeing 777 or Airbus A350). These reductions could 
necessitate passenger or cargo weight restrictions, reduced fuel loads limiting range, or schedule 
adjustments to cooler periods of the day. The economic implications of these operational adaptations 
could be substantial, particularly for routes operating near capacity limits or with thin profit margins. 

Our findings underscore the importance of incorporating topographically differentiated climate 
responses into long-term aviation infrastructure planning. Future airport developments should 
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consider not only current atmospheric conditions but also the projected differential impacts of climate 
change across varied topographical contexts. This approach would enhance the long-term resilience 
of Chinaʹs aviation network in the face of evolving climate challenges. 

4. Conclusions 
This investigation elucidates the heterogeneous impacts of climate change on aviation payload 

capacity across Chinaʹs complex topographical gradient. Multi-model projections under the SSP5-8.5 
scenario reveal that while all airports will experience MTOW reductions by 2081-2100, the magnitude 
varies systematically with elevation, establishing an inverse relationship between altitude and 
operational vulnerability. 

The differential response manifests through complex thermo-baric interactions. High-plateau 
facilities (>2,438m) exhibit paradoxical resilience (-1.25% MTOW reduction) despite pronounced 
warming (5.5°C), attributable to significant compensatory pressure enhancements (4.6 hPa). 
Conversely, plain airports (<1,500m) demonstrate heightened susceptibility (-1.72% MTOW 
reduction) despite moderate temperature increases (5.3°C), due to negligible pressure compensation 
(0.12%). This pattern emerges from tropospheric expansion under warming conditions, which 
redistributes atmospheric mass preferentially toward higher elevations. 

The quantitative decomposition of temperature and pressure contributions across elevation 
categories provides mechanistic insight into previously unrecognized topographical modulation of 
climate impacts on aviation infrastructure. For commercial aircraft, these reductions translate to 
significant payload constraints, particularly at economically vital lowland hubs where a 1.72% 
MTOW decrease represents approximately 1.3-2.9 tons for narrow-body aircraft. 

These findings necessitate a paradigm shift in aviation climate adaptation frameworks, 
highlighting the importance of elevation-dependent responses in infrastructure planning. The 
demonstrated non-linear relationship between topography and climate vulnerability offers critical 
guidance for targeted adaptation strategies across Chinaʹs diverse aviation network, enhancing 
operational resilience against projected atmospheric modifications. 
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