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ABSTRACT

This study examines the association between climate exposure and suicide risk in South Korea using a district-level monthly
panel dataset for 1997-2024. We link cause-of-death records to high-resolution climate data and estimate fixed-effects models
that control for district-by-month seasonality and upper-level region-by-year shocks. The results show that a 1°C increase in
monthly mean temperature is associated with an increase of approximately 0.02 suicides per 100,000 people, equivalent to
roughly 1% of the mean monthly suicide rate. Monthly precipitation is also positively associated with suicide rates: a 100-mm
increase in precipitation is associated with an increase of approximately 0.03 suicides per 100,000 people. The effect of
temperature is not uniform across locations or population groups. It is larger in low-income districts and districts with
above-average populations and is also greater among men and older adults. In contrast, heterogeneity in the effect of
precipitation is more limited, although the association appears stronger in districts with higher long-term mean temperatures.
These findings suggest that climate-related mental health risks are unevenly distributed across socioeconomic, spatial, and
demographic groups. They also indicate that suicide prevention and climate adaptation policies should account for local

vulnerability rather than relying solely on population-wide average effects.
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Table 1. Summary statistics
Variable Obs. Mean SD Min Median Max
Monthly Suicide Deaths 81,732 4.1 3.7 0.0 3.0 40.0
Crude Suicide Rate (per 100,000)
. . 81,732 2.3 1.9 0.0 2.0 3255
(Number of Suicide Deaths/ Population*100,000)
Mid-year Population 81,732 201,861 159,208 8,841 160,902 954,058
GRDP per capita (one million won) 55,116 33.1 31.1 0.9 26.7 569.1
Monthly Mean Temperature (°C) 81,732 12.2 9.2 -12.4 12.9 28.2
District(SiGunGu)-specific long-term mean temperature (°C) 247 12.2 1.3 8.4 12.1 14.8
Monthly Precipitation (mm) 81,732 104.6 102.3 0.1 69.6 741.1
District(SiGunGu)-specific long-term mean precipitation (mm) 247 104.5 7.6 87.7 104.1 133.5
Table 2. Main results
1) Baseline FE 2) Baseline FE 3) Year FE 4) Year FE + linear| 5) Year x Month
(weighted) (unweighted) (weighted) trend (weighted) FE (weighted)
~ 0.020%** 0.022%** 0.019%*** 0.020%*** 0.017
Monthly Mean Temperature (5 ;)
(0.003) (0.005) (0.003) (0.003) (0.014)
. ~ 0.00034%** 0.00039%** 0.00033*** 0.00032%*** 0.00006
Monthly Precipitation (5 ,)
(0.00005) (0.00009) (0.00005) (0.00005) (0.0001)
Obs. 81732 81732 81732 81732 81732
R’ 0.283 0.206 0.271 0.274 0.293

Notes: All specifications include district x month fixed effects. Baseline FE denotes upper-level region x year fixed effects.

#p < 0.1, **p <0.05, ***p <0.01
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Notes: Each panel plots the change in suicide rates relative to the reference level, set at the long-term average (12°C for temperature and 100

mm for precipitation). Solid lines denote point estimates from the regression model, while shaded bands indicate 95% bootstrap confidence

intervals. The histogram at the bottom of each panel displays the empirical distribution of each climate variable.

Fig. 1. Estimated effects of temperature and precipitation on suicide rates
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S ALTE AT 108 BT F 0028 FAE A gy g @y, w0 G, 408 Ands
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o 4 qlo, AAA Aol 71T 40 diet 45 5 ol W2 712 Wl GF9] o] T SAIE A
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Table 3. Heterogeneous effects of climate exposure on suicide rates

Effect Monthly mean Temperature x Monthly Precipitation x
ec
temperature moderator precipitation moderator
. 0.0237%%** -0.0168*** 0.0291*** -0.0186
Log GRDP per Capita
(0.0042) (0.0029) (0.0083) (0.0114)
. 0.0199%** 0.0005 0.0299*** -0.0150*
Log population
(0.0031) (0.0033) (0.0057) (0.0088)
. -0.0023 0.0288*** 0.0360%** -0.0082
Above-mean population (ref =below mean)
(0.0069) (0.0077) (0.0139) (0.0152)
0.0203%** 0.0022 0.0304%** 0.0118**
Long-term Average Temperature
(0.0031) (0.0034) (0.0056) (0.0056)
L 0.0200%** 0.0000 0.0291*** 0.0003
Long-term average precipitation
(0.0031) (0.0005) (0.0058) (0.0008)
0.0172%** 0.0073 0.0191*** 0.0279**
Above-mean long-term temperature (ref = below mean)
(0.0039) (0.0063) (0.0065) (0.0119)
. 0.0172%** 0.0066 0.0315%** -0.0048
Above-mean long-term precipitation (ref =below mean)
(0.0039) (0.0063) (0.0077) (0.0114)
0.0082%** 0.0044%** 0.0162%** -0.0075
Male (ref = female)
(0.0016) (0.0006) (0.0034) (0.0054)
. 0.0223%** 0.0031%** 0.0274%** -0.0025
Age (per 5-year increase)
(0.0033) (0.0002) (0.0070) (0.0017)

Notes: Each row reports estimates from a separate interaction model. All specifications include district x month fixed effects and upper-level

region x year fixed effects. District-level (SiGunGu) regressions are weighted by district population, while sex- and age-specific regressions

use group-specific suicide rates and corresponding group-specific population weights. Continuous moderators are centered at their sample

means. Precipitation coefficients are scaled to represent the effect of a 100mm increase in monthly precipitation. For binary moderators, the

interaction term measures the differential effect relative to the reference group shown in parentheses.

*p <0.1, **p <0.05, ***p<0.01

Journal of Climate Change Research 2026, Vol. 17, No. 4
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