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ABSTRACT

This study estimates the economic impact of climate change on industrial labor productivity in the Daegu - Gyeongbuk

region of South Korea using a nonparametric bin-dummy fixed-effects approach. Whereas previous climate-economics research

has largely focused on national-level aggregates, this study identifies regional and sectoral heterogeneity by applying the

theoretical framework of spatial integrated assessment models (S-IAMs) to subnational panel data from 2007 to 2022. Using

the annual temperature range (July mean minus January mean) as a proxy for the aggregate adaptation burden, we identify

a distinct nonlinear and asymmetric response of productivity growth to climate conditions. The empirical results show that

mild climate conditions significantly enhance labor productivity, with a 14.8-percentage-point increase in the most temperate

bin relative to the reference interval. In contrast, extreme climate variability produces substantial economic losses.

Counterfactual analysis indicates that climate shocks caused cumulative net losses of approximately KRW 13.2 trillion in

Daegu and KRW 30.7 trillion in Gyeongbuk during 2007-2022. The transmission channels of these shocks vary with industrial

structure: losses in Daegu are concentrated in the service sector (70%), whereas Gyeongbuk’s manufacturing base is more

vulnerable. These findings underscore the need for region-specific adaptation strategies that focus on urban heat-island

mitigation in service-oriented cities and supply-chain resilience in manufacturing hubs to buffer the local economic costs of

climate change effectively.
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Table 2. Summary statistics by sector
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Area Variable Average SD Min Max
In(Y/1) 4.961 0.632 3.297 7.534
Nationwide
Aln(Y/L) 0.012 0.184 -1.163 1.182
In(¥/1) 4,682 0.353 4.031 5.696
Daegu
Aln(Y/I) 0.013 0.162 -0.526 0.644
Manufacture
In(Y/L) 5.101 0.586 4.120 6.640
Gyeongbuk
Aln(Y/L) 0.008 0.167 -0.668 0.578
Daegu+ In(Y/L) 4.892 0.526 4.031 6.640
Gyeongbuk Aln(Y/L) 0.011 0.164 -0.668 0.644
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Nationwide
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Aln(Y/L) -0.008 0.190 -0.609 0.779
Daegu+ In(Y/1) 3.290 0.387 2.393 4.145
Gyeongbuk Aln(Y/1I) -0.007 0.184 -1.034 0.779
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Fig. 1. Temperature—productivity response function
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Table 3. Response of productivity to temperature:
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Piecewise constant approach

Temperature Interval Coefficient SE
[14.9 19.2) 0.148** (0.066)
[19.2 20.8) 0.110%** (0.049)
[20.8 21.7) 0.091** (0.040)
[21.7 22.4) 0.067** (0.033)
[22.4 23.6) 0.073** (0.031)
[23.6 23.9) 0.047 (0.031)
[23.9 24.4) 0.051** (0.023)
[24.4 24.8) 0.033 (0.021)
[24.8 25.4) 0.031 (0.020)
[25.4 25.9) 0.000 )
[25.9 26.3) -0.024 (0.016)
[26.3 26.7) 0.024 (0.025)
[26.7 26.9) 0.028 (0.023)
[26.9 27.3) -0.012 (0.022)
[27.3 27.9) -0.030 (0.028)
[27.9 28.2) 0.005 (0.030)
[28.2 28.9) -0.004 (0.028)
[28.9 29.4) -0.027 (0.035)
[29.4 30.5) -0.005 (0.034)
[30.5 ) -0.099* (0.058)

Constant -0.021 (0.013)
Observations 3,590

Note. ***p < 0.01, **p < 0.05, *p < 0.1
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Table 4. Output pathways by region (Unit: Million KRW at 2015 constant prices)

Daegu Gyeongbuk
With Climate Shocks Without Climate Shocks With Climate Shocks Without Climate Shocks

2007 33,365,669 39,108,017 62,608,163 68,415,244

2008 33,620,076 39,869,969 63,372,586 70,946,876

2009 33,305,154 37,517,675 63,153,604 67,159,468

2010 36,198,950 39,802,515 68,301,328 73,488,520

2011 37,509,980 42,360,106 70,591,881 78,008,293

2012 38,816,486 42,787,459 71,609,854 77,241,177

2013 40,009,900 45,296,371 75,122,255 81,378,967

2014 40,656,312 43,722,118 80,875,742 84,776,122

2015 41,256,595 41,256,595 77,282,201 77,282,201

2016 41,707,717 40,710,505 76,699,112 78,577,872

2017 42,776,346 42,244,970 76,228,720 80,008,933

2018 43,666,167 44,290,650 77,348,513 81,534,101

2019 44,503,750 42,878,625 77,885,424 77,986,741

2020 43,097,536 37,209,564 74,541,705 66,883,933

2021 45,166,059 38,063,122 76,408,670 66,919,886

2022 46,228,900 38,027,331 76,606,653 68,736,746
b BatAog At =AY WEo] Y- A& A 4 E B4 Zo] otyzt, FAY FHiA dzet d2EE
Aol &EAS oReS AR AE S01, 20134 St 11 S AKAI s 58 TS AlSdH
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Table 5. Estimated annual and cumulative damages by region (Unit: Million KRW at 2015 constant prices)

Daegu Gyeongbuk
Annual Output Cumulative Output Annual Output Cumulative Output
2007 5,742,348 5,742,348 5,807,081 5,807,081
2008 6,249,893 11,992,242 7,574,290 13,381,371
2009 4,212,521 16,204,763 4,005,864 17,387,236
2010 3,603,565 19,808,328 5,187,192 22,574,428
2011 4,850,126 24,658,455 7,416,412 29,990,840
2012 3,970,973 28,629,428 5,631,323 35,622,162
2013 5,286,471 33,915,899 6,256,712 41,878,875
2014 3,065,806 36,981,705 3,900,380 45,779,255
2015 0 36,981,705 0 45,779,255
2016 -997,212 35,984,493 1,878,760 47,658,015
2017 -531,376 35,453,117 3,780,213 51,438,228
2018 624,483 36,077,600 4,185,588 55,623,816
2019 -1,625,125 34,452,475 101,317 55,725,133
2020 -5,887,972 28,564,503 -7,657,772 48,067,361
2021 7,102,937 21,461,566 -9,488,784 38,578,577
2022 -8,201,569 13,259,998 -7,869,907 30,708,669

Table 6. Estimated annual damages by sector and year (Unit: Million KRW at 2015 constant prices)

Daegu Gyeongbuk

Manufacture Service Manufacture Service
2007 1,537,510 4,204,839 3,899,129 1,907,952
2008 1,682,493 4,567,400 5,062,304 2,511,986
2009 1,052,110 3,160,411 2,638,157 1,367,708
2010 1,020,272 2,583,294 3,491,334 1,695,858
2011 1,401,998 3,448,128 4,958,642 2,457,770
2012 1,178,354 2,792,620 3,709,510 1,921,812
2013 1,584,722 3,701,750 4,142,457 2,114,256
2014 919,840 2,145,966 2,645,186 1,255,195
2015 0 0 0 0
2016 -294,397 -702,815 1,211,989 666,771
2017 -157,651 -373,725 2,412,369 1,367,844
2018 181,108 443,375 2,633,971 1,551,617
2019 -450,059 -1,175,066 62,630 38,687
2020 -1,551,988 -4,335,984 -4,661,204 -2,996,569
2021 -1,903,738 -5,199,199 -5,718,378 -3,770,406
2022 -2,269,457 -5,932,112 -4,687,850 -3,182,057
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