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 7 

Construction booms can create delayed urban liabilities when large housing cohorts age together. 8 

Using building-level records for 1.53 million residential buildings in Quanzhou, China, we develop 9 

a policy-calibrated framework that maps renewal priority, projects cohort ageing to 2050 and 10 

separates pathway-specific fiscal and carbon exposure. The 2020 policy anchor identifies 521,235 11 

buildings (34%) above the renewal-pressure threshold; about 531,000 (35%) are identified by 12 

2050, indicating that most pressure is inherited rather than newly emerging. Demolition of the 13 

cumulative stock implies 364–571 billion RMB ($53–84 billion) in compensation exposure and 14 

968.4–974.5 ktCO₂ of one-off emissions. In situ renewal requires 7.6–19.0 billion RMB ($1.12–15 

28.05 billion) in direct investment, while retained buildings carry 2.56–2.60 MtCO₂ yr⁻¹ in baseline 16 

operational emissions. These non-equivalent accounts reveal how past construction waves 17 

constrain future renewal finance and decarbonization. 18 

 19 

Urbanization creates obligations that persist long after construction ends. Over recent decades, rapid urban 20 

growth has produced vast residential stocks whose maintenance and governance consequences emerge only 21 

as the buildings age1–3. When construction is concentrated in a few boom periods, many buildings can 22 

approach functional obsolescence within the same planning horizon. Cities must then coordinate repair, 23 

retrofit, replacement, resident relocation and infrastructure upgrading at a scale that differs from the 24 

incremental redevelopment typical of mature housing systems4–6. The physical legacy of expansion can 25 

therefore become a delayed fiscal, social and environmental liability. 26 

 27 

Most urban-renewal research explains redevelopment through neighbourhood decline, rent gaps, land-value 28 

change, market incentives and policy intervention7–9. Studies of Chinese cities have added important 29 

evidence on institutional innovation, land redevelopment and the regulatory role of the state10–13. This 30 

literature is strongest at explaining why particular sites or projects are renewed, how redevelopment is 31 

negotiated and where activity is concentrated. It is less well equipped to explain a city-wide temporal problem: 32 

why renewal pressure can accumulate across an entire housing system decades after a construction boom. 33 

 34 

A housing-stock perspective shifts attention from individual projects to the age structure of the built 35 

environment. Buildings are produced in cohorts under different technical standards, material regimes, land 36 

institutions and demographic conditions. Research on urban material stocks shows that construction, 37 

accumulation and replacement unfold in waves, with long-delayed consequences for resource demand, urban 38 

form and infrastructure governance4,14,15. Where housing production is temporally concentrated, cohort 39 

ageing can synchronize the entry of many buildings into a period of elevated renewal need16. Past 40 

construction geography may thus preconfigure both the timing and the spatial distribution of future renewal. 41 

 42 

Three unresolved issues limit this stock-based account. First, ageing alone does not determine renewal 43 

priority: structural condition interacts with accessibility, redevelopment potential, population concentration 44 
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and social vulnerability17–20. Second, few building-level studies project how priority changes when a fixed 45 

classification rule is anchored to an observed policy baseline rather than selected arbitrarily. Third, pathway 46 

choice creates different fiscal and carbon accounts. Demolition activates compensation, relocation and one-47 

off construction-stage emissions, whereas retention and retrofit require direct investment and leave a 48 

recurring operational-energy burden. These accounts operate over different time scales and should not be 49 

collapsed into a single, unqualified comparison. 50 

 51 

China offers a revealing setting for examining these issues. Four decades of expansion-led urbanization 52 

generated large residential stocks, while national policy now emphasizes stock improvement, urban renewal 53 

and more efficient use of existing assets21. This transition from land expansion to the management of 54 

accumulated buildings is not unique to China, but its scale is unusually visible there. Housing that enabled 55 

rapid growth is becoming a long-term governance obligation, testing local fiscal capacity, planning 56 

coordination and the compatibility of renewal with decarbonization. 57 

 58 

The Chinese case also broadens the geography of urban renewal. Residential construction has occurred across 59 

formal urban districts, county seats, peri-urban corridors and extensive rural settlements1,23. These 60 

components are embedded in a dual urban–rural land system and are governed through different tenure, 61 

compensation and implementation arrangements23–25. Rural settlement change is therefore not peripheral to 62 

metropolitan transformation. A building-stock analysis must compare these spaces without treating a 63 

diagnostic threshold derived from urban policy as evidence that rural buildings are formally enrolled in the 64 

same programme. 65 

 66 

Here we analyse 1,527,878 residential buildings across Quanzhou, a rapidly urbanizing coastal city in 67 

southeastern China (Supplementary Fig. 1). We develop a building-level P4 framework—Priority, Projection, 68 

Pressure and Pathways—to identify spatial renewal priority, project the ageing of the 2020 stock to 2050, 69 

quantify the buildings, dwelling units, floor area and land involved, and estimate pathway-specific fiscal and 70 

carbon exposure (Fig. 1 and Supplementary Fig. 2). The nine-indicator Comprehensive Urban Renewal 71 

Priority Index (CPI) combines physical, locational and demographic information (Supplementary Tables 1–72 

3). Its fixed threshold is calibrated to the 56,000-household scale documented for Quanzhou’s 2020 municipal 73 

old residential community renovation programme22. 74 

 75 

The analysis yields three linked insights. Renewal pressure is organized by construction cohorts rather than 76 

distributed randomly; it extends across the wider metropolitan settlement system rather than remaining an 77 

inner-city phenomenon; and most of the mid-century pressure is already embedded in the 2020 housing stock. 78 

Pathway analysis further shows that demolition and in situ renewal do not simply differ in magnitude: they 79 

activate different fiscal instruments and different carbon time scales. Urban renewal is therefore better 80 

understood as anticipatory management of a long-lived housing system than as a succession of isolated 81 

redevelopment projects. 82 

 83 

Results 84 

Construction booms left distinct housing cohorts 85 

Quanzhou’s residential stock records successive construction waves since the 1980s, with the largest 86 

expansion occurring during 2001–2010 (Fig. 2a, d). Earlier cohorts cluster in historical urban cores, 87 
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established towns and long-standing rural settlements, whereas later cohorts extend along urban districts, 88 

development corridors and peri-urban settlement belts. The resulting landscape is not a uniformly ageing city 89 

but a spatial mosaic of cohorts produced at different stages of urbanization (Supplementary Figs. 1 and 3 and 90 

Supplementary Table 4). 91 

 92 

Building form and construction material reinforce this cohort structure. Multi-storey and high-rise housing 93 

is concentrated in urban districts, while rural settlements remain dominated by low-rise buildings (Fig. 2b). 94 

Reinforced concrete progressively displaced traditional materials and became the dominant structure in urban 95 

residential construction by 2020 (Fig. 2c). From the 1980s to 2020, the mean height of urban residential 96 

buildings increased from 5.33 to 13.72 m and the mean number of storeys from 1.73 to 4.45 (Supplementary 97 

Figs. 3 and 4 and Supplementary Tables 4 and 5). 98 

 99 

The later construction waves were also markedly more vertical. The mean number of storeys in newly built 100 

urban housing rose from 2.55 in the 1980s to 8.59 in the 2010s (Fig. 2e), while the reinforced-concrete share 101 

increased from 3.36% in 1980 to 61.9% in 2020 and timber structures became marginal (Fig. 2f). These shifts 102 

matter for renewal because building count alone understates the households and floor area concentrated in 103 

newer urban cohorts. Quanzhou’s future renewal profile is therefore shaped jointly by when buildings were 104 

constructed, where they are located and the forms in which successive cohorts were built (Supplementary 105 

Figs. 4–7 and Supplementary Tables 4 and 5). 106 

 107 

Renewal priority spans the metropolitan settlement system 108 

The three components of renewal priority have distinct geographies. The physical index concentrates older 109 

and structurally vulnerable buildings in historical urban areas, established towns and long-standing rural 110 

settlements (Fig. 3a). The economic index is highest near urban centres, commercial land, public services 111 

and transport corridors (Fig. 3b). The social-need index highlights places where population concentration, 112 

population ageing and limited residential space increase the potential consequences of building decline (Fig. 113 

3c and Supplementary Fig. 2 and Supplementary Table 1). 114 

 115 

We integrate these dimensions in a Comprehensive Urban Renewal Priority Index (CPI), where higher values 116 

indicate a stronger combination of physical, locational and social priority (Fig. 3d). To avoid an arbitrary 117 

cutoff, we rank urban residential buildings by CPI and identify the point at which cumulative dwelling units 118 

reach the 56,000-household scale of Quanzhou’s 2020 renovation programme. This policy anchor produces 119 

a fixed threshold of 0.42, corresponding to 56,009 urban dwelling units at the cutoff. The same threshold is 120 

retained throughout the 2020–2050 analysis (Fig. 3e, f and Supplementary Tables 1 and 6). 121 

 122 
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Buildings above the threshold form compact urban hotspots around municipal and county centres and a much 123 

broader, more dispersed pattern across peri-urban and rural settlements (Fig. 3e, f). In 2020, approximately 124 

0.52 million buildings exceed the threshold, of which nearly 0.50 million are rural buildings (Fig. 3g and 125 

Supplementary Table 6). This asymmetry reflects the numerical dominance of low-rise rural structures and 126 

should not be interpreted as formal inclusion in an urban renovation programme. The urban subset represents 127 

demand calibrated to an observed urban-policy scale; the rural subset is a comparable diagnostic of latent 128 

settlement-improvement pressure under the same index rule. The result nevertheless shows that the housing-129 

stock ageing is metropolitan in extent, not confined to the historic core. 130 

 131 

Most future pressure is already embedded in the 2020 stock 132 

Projected renewal-priority hotspots expand from existing clusters rather than emerging in unrelated locations 133 

(Fig. 4a). Municipal and county centres, transport corridors and peri-urban settlement belts remain the 134 

dominant concentrations through 2050. This persistence indicates that future pressure is strongly path 135 

dependent: the geography of past construction continues to organize where ageing buildings, residents and 136 

floor area accumulate (Supplementary Table 6-10). 137 

 138 

The most striking temporal result is the dominance of the baseline stock. In 2020, 521,235 buildings already 139 

lie above the policy-calibrated threshold—about 98.1% of the 2050 total. Subsequent five-year additions are 140 

small and gradually decline across demographic scenarios, from 1,810–1,812 buildings in 2025 to 1,506–141 

1,514 in 2050 (Fig. 4b). Quanzhou therefore faces less a rapidly arriving future wave than a large inherited 142 

obligation that is already present, followed by a slower stream of cohort entrants (Supplementary Tables 6–143 

8). 144 

 145 

Urban and rural increments differ in both number and implementation meaning (Fig. 4c). Rural buildings 146 

account for most new structures crossing the threshold in each interval, whereas the smaller urban increment 147 

is associated with denser occupation and larger concentrations of dwelling units and floor area. By 2050, 148 

531,066–531,081 buildings, 579,047–579,988 dwelling units and 162.1–162.3 million m² of floor area are 149 

projected to exceed the threshold. Planning must therefore distinguish a compact urban burden measured 150 

strongly in households and floor area from a dispersed rural burden measured strongly in building count and 151 

territorial reach (Supplementary Tables 7, 9 and 10). 152 

 153 

Renewal pathways activate different fiscal and carbon accounts 154 

Applying demolition and in situ renewal scenarios to the same priority stock reveals two different forms of 155 

exposure (Figs. 5 and 6). Under demolition, the fiscal account is compensation and the carbon account is a 156 

one-off release during removal. Under in situ renewal, the fiscal account is direct retrofit investment and the 157 

carbon account is the annual operational emissions of the retained stock. These quantities are intentionally 158 
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reported separately: compensation and engineering investment are not equivalent cost concepts, and 159 

demolition-stage and operational emissions are not equivalent time-integrated carbon measures 160 

(Supplementary Tables 11–15). 161 

 162 

Fiscal exposure is strongly concentrated around municipal and county centres in 2020. Higher local 163 

compensation benchmarks and larger amounts of affected floor area produce demolition-compensation 164 

hotspots in these locations (Fig. 5a). Direct in situ renewal investment is substantially smaller and follows 165 

the distribution of floor area above the threshold, although it remains spatially concentrated where the priority 166 

stock is largest (Fig. 5b and Supplementary Table 6). 167 

 168 

For cohorts newly crossing the threshold, lower-bound demolition compensation ranges from 5.8 to 22.2 169 

billion RMB per five-year interval and upper-bound compensation from 6.9 to 25.0 billion RMB (Fig. 5c). 170 

Direct in situ renewal investment ranges from 0.04 to 0.12 billion RMB under the low-cost setting and from 171 

0.09 to 0.29 billion RMB under the high-cost setting (Fig. 5d). Across the cumulative priority stock in 2050, 172 

compensation exposure reaches 363.6–571.3 billion RMB, compared with 7.6–19.0 billion RMB in direct 173 

retrofit investment. The implied scale contrast ranges from 19.2 to 75.2, but it is an exposure ratio rather than 174 

a full life-cycle cost–benefit comparison because the two pathways include different expenditure components 175 

(Supplementary Tables 11–13). 176 

 177 

The carbon results operate on two clocks. Demolition of the 2020 priority stock would release carbon once 178 

during the removal stage (Fig. 6a), whereas retention leaves an annual operational emissions baseline that 179 

persists unless retrofit measures reduce energy demand or the energy system decarbonizes (Fig. 6b). The 180 

maps therefore identify where each pathway activates carbon-management needs rather than establishing a 181 

single ranking of total life-cycle emissions (Supplementary Tables 6 and 14). 182 

 183 

For buildings newly crossing the threshold, demolition-stage emissions range from 14.8 to 64.4 kt CO₂ per 184 

five-year interval, while baseline operational exposure ranges from 38.5 to 103.2 kt CO₂ yr⁻¹ (Fig. 6c). Urban 185 

buildings dominate both accounts: they contribute 13.1–62.6 kt CO₂ of demolition emissions compared with 186 

1.5–1.8 kt CO₂ for rural buildings, and 28.5–75.1 kt CO₂ yr⁻¹ of operational emissions compared with 3.1–187 

28.1 kt CO₂ yr⁻¹ for rural buildings (Fig. 6d). Urban density therefore converts a relatively small building 188 

count into a disproportionately large carbon exposure (Supplementary Table 14). 189 

 190 

By 2050, full demolition of the cumulative priority stock implies 968.4–974.5 kt CO₂ of demolition-stage 191 

emissions, whereas retained buildings carry 2.56–2.60 Mt CO₂ yr⁻¹ in baseline operational emissions. These 192 

values should not be added or compared as if they shared a common time horizon. Their significance is 193 

institutional: demolition requires management of a concentrated emissions pulse, while in situ renewal makes 194 
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retrofit depth, household energy demand and energy-system decarbonization central to long-term 195 

performance. Housing-stock ageing thus connects renewal finance to carbon governance without reducing 196 

pathway choice to a single headline metric. 197 

Discussion 198 

Construction booms create delayed renewal liabilities 199 

The central finding is that renewal pressure is partly predetermined by the generational structure of the 200 

housing stock. Successive waves of construction produced cohorts that differ in age, material, height, 201 

settlement context and occupancy intensity. As these cohorts age, renewal priority becomes spatially 202 

clustered and temporally coupled. The geography of future intervention is therefore inherited, in part, from 203 

the geography of past urban expansion. 204 

 205 

This interpretation extends project-centred accounts of urban renewal. Neighbourhood decline, land values, 206 

governance arrangements and market incentives remain essential for explaining which projects proceed and 207 

whose interests prevail7,9,10. They do not, however, fully explain why many sites can become candidates for 208 

intervention within the same period. Building-cohort composition supplies that missing temporal mechanism: 209 

concentrated production creates concentrated ageing, even before a specific redevelopment decision is 210 

made26. 211 

 212 

The result also connects urban renewal to material-stock research27. Long-lived built assets store not only 213 

materials and embodied carbon but also deferred maintenance, adaptation and replacement obligations4,14,15. 214 

A construction boom can therefore be understood as creating a future renewal liability. This liability is not a 215 

deterministic prediction that every building will be redeveloped; it is a structured exposure that narrows 216 

future choices and increases the need for planning, finance and technical capacity28. 217 

 218 

Renewal pressure is metropolitan rather than inner city 219 

Quanzhou’s priority landscape extends across urban cores, county seats, peri-urban corridors and rural 220 

settlements. This finding challenges the common spatial shorthand that equates urban renewal with inner-221 

city redevelopment32–34. In rapidly urbanizing regions, the relevant unit is often the wider metropolitan 222 

settlement system, because urban construction, rural housing expansion, mobility and service networks have 223 

co-evolved across administrative and tenure boundaries1,29. 224 

 225 

The urban–rural asymmetry is substantive rather than merely cartographic. Urban buildings are fewer but 226 

taller, more densely occupied and more consequential in terms of dwelling units, floor area, compensation 227 

and emissions. Rural buildings are individually smaller but numerically dominant and territorially 228 
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dispersed30,31. A single building count therefore obscures two different implementation problems: intensive 229 

intervention in compact urban neighbourhoods and extensive coordination across dispersed rural settlements. 230 

 231 

China’s dual land system sharpens this distinction23,24. Urban renewal involves formal property markets, 232 

multi-owner negotiation and municipal compensation rules, whereas rural renewal is conditioned by 233 

homestead rights, household construction and village governance. The common CPI threshold is useful for 234 

diagnostic comparability, not for policy equivalence. A metropolitan stock strategy should therefore share 235 

monitoring standards while differentiating tenure rules, resident participation, service objectives and 236 

acceptable intervention pathways35. 237 

 238 

Pathway choice separates fiscal and carbon clocks 239 

The pathway analysis reframes renewal as a problem of institutional sequencing. Demolition activates a large, 240 

spatially concentrated compensation obligation and a short-duration emissions pulse. In situ renewal requires 241 

much less direct engineering investment but leaves a recurring operational-carbon account whose trajectory 242 

depends on retrofit depth, occupancy behaviour and energy supply. The two pathways therefore place 243 

pressure on different budgets, agencies and time horizons. 244 

 245 

This distinction also prevents two common overinterpretations. First, compensation exposure is not the full 246 

social cost of demolition, and retrofit investment is not the full life-cycle cost of retention. Second, 247 

demolition-stage emissions cannot be directly ranked against one year of operational emissions. A complete 248 

pathway appraisal would also include replacement construction, material reuse, relocation, disruption, 249 

maintenance, avoided energy use and a common assessment horizon. The present analysis instead identifies 250 

the scale and geography of the accounts that policy must manage. 251 

 252 

The large 2020 baseline makes delay consequential. Project-by-project redevelopment can respond to the 253 

most visible sites, but it cannot by itself coordinate a housing system in which many buildings already exceed 254 

a policy-calibrated priority threshold. Anticipatory governance requires building-stock observatories, rolling 255 

priority maps, dedicated renewal funds, resident-centred decision processes and coordinated standards for 256 

safety, accessibility and energy performance5,11,25,36–41. It also requires explicit triage among maintenance, 257 

deep retrofit, adaptive reuse and demolition rather than treating clearance as the default endpoint. 258 

 259 

From project renewal to anticipatory stock governance 260 

The quantitative estimates are specific to Quanzhou, but the cohort mechanism has wider relevance. Many 261 

cities in Asia, Africa and Latin America continue to add housing through concentrated construction waves 262 

and peri-urban expansion. These investments are normally evaluated through immediate supply, affordability 263 
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and economic growth. The analysis here suggests a complementary test: whether present construction 264 

patterns create synchronized maintenance and renewal obligations that local institutions will be able to 265 

finance and decarbonize decades later. 266 

 267 

The practical implication is to govern the stock before ageing becomes a crisis. Cities can maintain 268 

longitudinal building registers, earmark renewal reserves, phase retrofit programmes by cohort, protect 269 

vulnerable residents from displacement, and align renovation standards with operational-decarbonization 270 

targets. New construction policy can also reduce future synchronization by improving durability, adaptability 271 

and maintainability. Such measures convert renewal from an episodic response to deterioration into a 272 

continuous form of urban asset management. 273 

 274 

Comparative research is now needed to test how land tenure, housing markets, compensation institutions, 275 

demographic change and energy systems mediate cohort-driven renewal. The transferable claim is not that 276 

other cities will reproduce Quanzhou’s building counts or cost ratios, but that temporally concentrated 277 

construction can generate temporally concentrated liabilities. The legacy of rapid urbanization is therefore 278 

not only the city already built; it is also the set of fiscal, social and carbon choices that the housing stock 279 

carries into the future. 280 

 281 

Methods 282 

Study setting and data integration 283 

Quanzhou is a rapidly urbanizing coastal city in southeastern China whose administrative territory includes 284 

dense urban districts, county-level centres, peri-urban development corridors and extensive rural settlements. 285 

This heterogeneous settlement system provides a useful setting for tracing how housing-cohort ageing 286 

translates into spatial priority, future renewal exposure and pathway-specific fiscal and carbon accounts 287 

(Supplementary Fig. 1). 288 

 289 

We constructed a harmonized building-level geospatial database from four groups of data: administrative 290 

boundaries; residential-building records; land-use, facility and road data; and demographic statistics. 291 

Building records were derived primarily from the First National Survey of Comprehensive Natural Disaster 292 

Risk and include construction year, structural type, number of storeys, dwelling units, floor area and land 293 

occupation. Land-use and accessibility variables were compiled from the Second and Third National Land 294 

Surveys and annual land-use change surveys. Village population and age structure were obtained from the 295 

Seventh National Population Census. Total and older populations were allocated from villages to buildings 296 

in proportion to residential floor area, preserving the published village totals and generating building-level 297 

estimates of population, older population and per-capita residential floor area (Supplementary Tables 1–3). 298 
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 299 

All spatial layers were projected to a common coordinate system and subjected to topology correction, 300 

duplicate removal, attribute cleaning and spatial matching. Buildings with invalid geometry or irrecoverably 301 

missing essential attributes were excluded; correctable records were repaired using the standardized 302 

procedures reported in the Supplementary Information. The final database contains more than 1.5 million 303 

residential buildings across Quanzhou. Urban and rural classifications follow land-tenure context and the 304 

spatial delineation used in the underlying land and building records (Supplementary Figs. 1 and 3 and 305 

Supplementary Tables 4 and 5). 306 

 307 

P4 analytical design 308 

The P4 framework links four modules (Fig. 1 and Supplementary Fig. 2). Priority estimates the relative need 309 

for attention from physical, locational and social indicators. Projection updates the 2020 stock under building-310 

ageing and demographic scenarios. Pressure converts priority into the number of buildings, dwelling units, 311 

floor area and land area involved. Pathways estimates the fiscal and carbon accounts activated by demolition 312 

and in situ renewal. The modules are connected by a single policy-calibrated CPI threshold that is fixed across 313 

years. 314 

 315 

The framework estimates latent priority and scenario-based exposure; it does not estimate the probability or 316 

date of an actual redevelopment project. Realized intervention depends on resident preferences, ownership, 317 

heritage value, engineering assessment, land institutions, market conditions, fiscal capacity and political 318 

decisions. The term ‘renewal pressure’ therefore denotes buildings above the diagnostic threshold, not 319 

buildings judged unsafe or mandated for demolition. 320 

 321 

Building-level renewal priority 322 

We constructed the CPI from nine indicators grouped into physical potential, economic potential and social 323 

need. Physical potential includes construction age, structural type and number of storeys. Economic potential 324 

measures distance to commercial land, public facilities and road networks. Social need includes allocated 325 

total population, allocated older population and per-capita residential floor area. Indicator direction was set 326 

so that larger standardized values consistently represent higher renewal priority (Supplementary Fig. 2 and 327 

Supplementary Tables 1 and 2). 328 

 329 

Each indicator was standardized by min–max normalization using minima and maxima fixed to the 2020 330 

baseline stock. Within each dimension, entropy-derived relative weights were normalized to sum to one and 331 

then multiplied by one-third; the final nine indicator weights therefore sum to one, while the physical, 332 

economic and social dimensions each contribute one-third to the CPI. The CPI is the sum of these three 333 
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weighted dimension contributions. We calibrated the classification threshold externally rather than selecting 334 

a quantile or natural-break class. Urban buildings were ranked by CPI until cumulative dwelling units first 335 

reached the 56,000-household policy anchor, yielding a fixed threshold of 0.41681972 and 56,009 urban 336 

dwelling units at the cutoff. The threshold was then held constant for all years and applied to both urban and 337 

rural buildings, subject to the distinct policy interpretations described above (Supplementary Tables 1, 2 and 338 

6). 339 

 340 

Calibration was performed only in the urban reference pool because the policy anchor concerns a formal 341 

urban programme. The threshold was then applied to urban and rural buildings in 2020 and in all projection 342 

years to preserve one diagnostic rule across the housing stock. Urban estimates can be interpreted as policy-343 

calibrated renewal demand. Rural estimates indicate latent settlement-improvement priority under the same 344 

index rule; they do not imply programme eligibility, physical failure or compulsory redevelopment 345 

(Supplementary Table 6). 346 

 347 

Projection of cohort ageing and demographic change 348 

We projected the existing 2020 residential stock annually from 2025 to 2050. The number of buildings was 349 

held constant so that the analysis isolates pressure generated by ageing and demographic restructuring within 350 

the observed stock. Future construction, demolition and conversion were not added to the baseline; the 351 

projections are therefore conditional stock-ageing scenarios rather than forecasts of the complete future built 352 

environment. 353 

 354 

Building age was updated from construction year in each projection year. Structural type, storeys and 355 

locational-accessibility indicators were held constant. These assumptions isolate cohort ageing and avoid 356 

introducing unsupported forecasts of infrastructure expansion, land-use change, structural upgrading or 357 

redevelopment behaviour. 358 

 359 

Village populations were projected with a cohort-component model by sex and five-year age group from the 360 

2020 census baseline. Low-, medium- and high-population scenarios represent alternative fertility trajectories. 361 

Age-specific survival probabilities improve gradually over time, and net migration—estimated from recent 362 

population change—converges towards zero by 2050. Full parameter values and scenario assumptions are 363 

reported in Supplementary Table 3. 364 

 365 

For each projection year, updated age and demographic indicators were combined with the fixed structural 366 

and accessibility indicators to recalculate building-level CPI values. Buildings crossing the fixed threshold 367 
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of 0.42 were recorded as new entrants to the renewal-pressure range. Holding the threshold constant ensures 368 

that temporal change reflects the modelled attributes rather than annual redefinition of the classification rule. 369 

 370 

Measures of renewal exposure 371 

For buildings above the threshold, we calculated four complementary measures: building count, dwelling 372 

units, floor area and residential land area. Building count represents the number of separate structures 373 

requiring assessment or coordination. Dwelling units approximate the number of affected households and 374 

potential relocation cases under demolition. Floor area represents the quantity of built space subject to 375 

removal or retrofit. Land area captures the territorial footprint of possible intervention and land reorganization 376 

(Supplementary Tables 6–10). 377 

 378 

Measures were computed annually for the full stock and separately for urban and rural buildings. This 379 

separation is necessary because a rural low-rise building and an urban apartment block have different 380 

household, area, tenure and implementation implications. Reporting several exposure measures prevents the 381 

numerical dominance of rural building counts from obscuring the concentrated household and floor-area 382 

burden of urban buildings42. 383 

 384 

Fiscal exposure under demolition and in situ renewal 385 

We applied two stylized pathways to buildings above the threshold43. All monetary values are expressed in 386 

constant 2020 prices44–46. The demolition pathway estimates compensation exposure only; it is not a total 387 

redevelopment budget and excludes replacement construction, administrative expenditure, financing, 388 

disruption and possible land-value recovery. The in-situ pathway estimates direct engineering investment for 389 

renovation and excludes financing, maintenance and household disruption. The two fiscal accounts are 390 

therefore compared as orders of magnitude, not as equivalent welfare costs. 391 

 392 

Demolition compensation was estimated separately for urban and rural buildings to reflect different tenure 393 

and valuation institutions. Rural compensation combines homestead compensation, structural replacement 394 

cost, a depreciation or newness factor and indoor-decoration allowances. Urban compensation equals floor 395 

area multiplied by observed housing prices; the lower bound uses the direct product and the upper bound 396 

applies a factor of 1.1. This design avoids applying an urban commodity-housing price system to rural 397 

homestead-related compensation (Supplementary Tables 11 and 12). 398 

 399 

Unit costs for in situ renewal were calibrated from government-approved old residential community 400 

renovation projects in Quanzhou. Approved investment was divided by renovated building area. The 401 

benchmark uses the 2020–2024 Licheng District programme, which has the widest coverage in the observed 402 
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local project set; the low and high values use the minimum and maximum among comparable projects. The 403 

resulting scenarios are 47,103 and 117-yuan m⁻². Project names, approval records, investment amounts and 404 

renovated areas are documented in the accompanying source-data workbook. The same engineering-cost 405 

schedule is applied to urban and rural floor area, while differences in total investment arise from the amount 406 

and location of priority stock. This assumption provides a standardized exposure scenario and does not imply 407 

identical project content or implementation difficulty (Supplementary Tables 13 and 15). 408 

 409 

Carbon accounting and scenario uncertainty 410 

Demolition-stage emissions were estimated using a provincial building-carbon accounting method because 411 

project-specific records on machinery, work shifts, waste transport and disposal were unavailable. Building 412 

morphology and floor area were combined with reported coefficients; all inputs and equations are provided 413 

in the Supplementary Information. For retained buildings, we estimated a baseline annual operational 414 

emissions exposure from Fujian residential energy consumption and the national standard-coal CO₂ emission 415 

factor47. The per-capita baseline was applied to the demographic scenarios. These are deliberately different 416 

accounts: demolition emissions are a one-off stage estimate, whereas operational emissions are annual 417 

baseline exposure before any realized retrofit saving. The analysis is not a full comparative life-cycle 418 

assessment and excludes replacement construction, material recovery and future grid decarbonization 419 

(Supplementary Tables 14 and 15). 420 

 421 

Uncertainty is represented through structured scenarios. Population uncertainty is captured by the low-, 422 

medium- and high-growth projections. Fiscal uncertainty is represented by lower- and upper-bound 423 

demolition compensation and three locally calibrated renovation-cost settings. The main results are reported 424 

as ranges across these assumptions. Supplementary analyses also document the parameters used for spatial 425 

density mapping and carbon and cost accounting (Supplementary Tables 3 and 13–15). 426 

 427 

The scenario design tests whether the central findings—the inherited dominance of the 2020 stock, spatial 428 

clustering and the separation of pathway accounts—persist under plausible demographic and cost 429 

assumptions. It does not constitute an exhaustive global sensitivity analysis. Alternative CPI weights, policy 430 

anchors, population-allocation rules and spatial bandwidths remain important targets for robustness analysis 431 

in future applications. 432 

 433 

Interpretation of projections 434 

The outputs are relative priority, conditional stock-ageing projections and pathway-specific exposure. They 435 

do not model resident decisions, developer participation, project sequencing, adaptive reuse, future 436 

construction, realized retrofit depth or market response. Results should therefore be interpreted as planning 437 
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diagnostics for long-term fiscal and carbon governance, not as exact forecasts of public expenditure, 438 

emissions or the number of projects that will be implemented. 439 

 440 

Limitations 441 

First, the analysis relies on administrative building records. Their coverage of construction year, structure, 442 

height, dwelling units, floor area and land occupation is unusually detailed, but reporting and classification 443 

error remain possible. Topology correction, attribute cleaning and consistency checks reduce these problems 444 

but cannot remove uncertainty in construction year, structural type or storey count. 445 

 446 

Second, demographic data are observed at village level and allocated to buildings by floor area. This 447 

procedure preserves village totals and allows demographic conditions to enter a building-level analysis, but 448 

it does not observe within-village variation in occupancy, household composition or vacancy. It also produces 449 

a simplified distribution of per-capita floor area within each village. Address-level population or occupancy 450 

data would improve the social-need component. 451 

 452 

Third, the projection intentionally holds the number of buildings, structural type, storeys and accessibility 453 

constant. This isolates ageing of the 2020 stock but omits future construction, demolition, infrastructure 454 

investment, land-use change and endogenous redevelopment. The results are therefore conditional on a static 455 

physical stock and should not be read as a complete forecast of Quanzhou in 2050. 456 

 457 

Fourth, the CPI simplifies a decision process that also depends on ownership, measured engineering condition, 458 

heritage value, resident preferences, displacement risk, developer incentives, environmental performance and 459 

political feasibility. Entropy-derived weights within dimensions, equal weights across dimensions and a 460 

single policy-calibrated threshold are transparent benchmark choices, not claims that all indicators or 461 

dimensions are normatively equivalent. A stronger robustness package would test alternative weighting 462 

systems, policy anchors and demographic-allocation procedures. 463 

 464 

Fifth, pathway estimates represent exposure rather than realized cost or carbon outcomes. Compensation 465 

excludes several social and redevelopment costs, renovation investment excludes maintenance and financing, 466 

demolition carbon excludes replacement construction, and operational emissions are a baseline rather than 467 

an achieved post-retrofit value. The common rural and urban renovation unit costs further abstract from 468 

differences in technical scope and service standards. The results are best read as order-of-magnitude accounts 469 

that reveal where additional project-level appraisal is most necessary. 470 

 471 
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Finally, the empirical estimates come from one Chinese city. Quanzhou is analytically valuable because it 472 

combines rapid construction, urban–rural heterogeneity and detailed building records, but its counts, 473 

thresholds and valuation parameters are context specific. Land tenure, housing markets, compensation 474 

systems, energy supply and local fiscal capacity vary widely. The transferable contribution is the mechanism: 475 

concentrated construction cohorts can create synchronized ageing, spatially clustered renewal priority and 476 

pathway-dependent exposure. Multi-city and cross-national applications are needed to establish the boundary 477 

conditions of that mechanism. 478 

 479 

Data availability 480 

The study integrates residential-building records from the First National Survey of Comprehensive Natural 481 

Disaster Risk, administrative boundaries, land-use surveys and population statistics from the Seventh 482 

National Population Census. These sources were spatially matched to construct the building-level analytical 483 

database. 484 

 485 

Some source records originate from government statistical systems and are subject to administrative access 486 

restrictions. The processed data supporting the analyses, figures and tables are available through the Figshare 487 

repository associated with this study48, subject to the conditions described there. 488 

 489 

Code availability 490 

Data cleaning, spatial matching, indicator construction, threshold calibration, demographic projection, 491 

exposure accounting and figure preparation were implemented with ArcGIS and Python. Code and figure-492 

ready data needed to reproduce the principal results are available through the associated Figshare repository48. 493 

 494 
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 595 

Fig. 1 | Building-level framework for cohort-driven residential renewal. 596 

The P4 framework links Priority, Projection, Pressure and Pathways. Priority combines building age, structural characteristics, 597 

locational accessibility and social need. Projection updates the existing stock under demographic and cohort-ageing scenarios while 598 

retaining a policy-calibrated threshold. Pressure measures affected buildings, dwelling units, floor area and residential land. 599 

Pathways separates demolition compensation, direct renovation investment, demolition-stage emissions and annual operational 600 

emissions exposure. The framework identifies where renewal priority concentrates, how it changes and which fiscal and carbon 601 

accounts are activated by alternative interventions. 602 
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 603 

Fig. 2 | Formation of residential building cohorts in Quanzhou from 1980 to 2020. 604 

a–c, Spatial distributions of buildings by construction period (a), number of storeys (b) and structural type (c). d, Accumulation of 605 

residential built-up area across successive construction waves. e, Mean number of storeys in newly constructed housing by decade, 606 

showing increasing verticality in urban areas. f, Changes in structural materials, including the rise of reinforced concrete and the 607 

decline of timber construction. 608 
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 609 

Fig. 3 | Building-level geography of residential renewal priority. 610 

a, Physical Potential Index, combining building age and structural characteristics. b, Economic Potential Index, measuring 611 

accessibility to commercial land, public facilities and roads. c, Social Need Index, combining allocated population, older population 612 

and residential-space pressure. d, Comprehensive Urban Renewal Priority Index (CPI). e,f, Kernel density of urban (e) and rural (f) 613 

buildings above the policy-calibrated CPI threshold. g, Composition of the above-threshold stock. Rural results are a diagnostic 614 

under the common threshold and do not indicate formal inclusion in the urban renovation programme. 615 
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 616 

Fig. 4 | Cohort-driven change in residential renewal pressure from 2025 to 2050. 617 

a, Spatial distribution of buildings newly crossing the fixed CPI threshold in each five-year period under low-, medium- and high-618 

population scenarios. b, Number of new entrants by period and scenario. c, Urban and rural entrants by period. d, Building-level 619 

examples of threshold status in selected urban and rural areas in 2025 and 2050. Projections hold the observed building stock 620 

constant and update age and demographic attributes. 621 
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 622 

Fig. 5 | Fiscal exposure under demolition and in situ renewal. 623 

a,b, Village-level demolition-compensation exposure (a) and direct in situ renovation investment (b) for the 2020 priority stock. c,d, 624 

Five-year exposure associated with buildings newly crossing the threshold under three demographic scenarios for demolition 625 

compensation (c) and in situ renovation (d). Compensation and renovation investment are different accounting concepts and do not 626 

constitute a complete life-cycle cost comparison. 627 

 628 
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 629 

Fig. 6 | Carbon accounts under demolition and retention pathways. 630 

a, Village-level demolition-stage emissions for the 2020 priority stock. b, Annual baseline operational emissions of the same stock if 631 

retained. c, Demolition-stage emissions and annual operational exposure for buildings newly crossing the threshold under three 632 

demographic scenarios. d, Urban–rural differences in the two accounts. Demolition emissions are one-off stage estimates, whereas 633 

operational emissions are annual baselines before realized retrofit savings; they are not directly comparable life-cycle totals. 634 

 635 
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