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The impact of climate on floriculture income
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Associate Research Fellow, Small Enterprise and Market Service, Daejeon, Korea

ABSTRACT

Climate change poses increasing threats to floriculture, a high-value agricultural sector that is particularly sensitive to

environmental variability. This study examines climate variable impact on floriculture farm income in South Korea using

household-level panel data from 2003 ~ 2023, employing traditional regression analysis and explainable machine learning

models with SHAP (SHapley Additive exPlanations) analysis. Our analysis revealed two key findings: (1) temperature effects

showed critical threshold patterns in which average temperatures between 12°C and 14°C positively affected income, while

minimum temperatures less than 7°C reduced earnings by 16.3%; (2) adequate precipitation positively influenced income, but

precipitation variability increased prediction uncertainty. Beyond climate factors, farm net income and agricultural gross

revenue were the primary determinants of income variability, with minimum temperature emerging as the most influential

climate factor. Farms with greater assets demonstrated higher climate resilience, which revealed adaptation inequalities.

Machine learning models significantly outperformed linear regression, with the optimized Random Forest achieving the highest

accuracy (R’=0.59). Prediction accuracy showed a U-shaped pattern: high performance for short-term (2-year: R*=0.49) and

long-term (10-year: R>=0.53) forecasts, but a decline for medium-term (6-year: R?=0.17) predictions. These findings underscore

the need for targeted climate interventions.
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Table 1. Descriptive statistics of key variables
Variable Mean Std. Dev. Min Q1 Median Q3 Max
Cultivated Area (ha) 2.51 1.83 1 1 2 3 9
Farm Income (1,000 KRW) 47,395 49,699 8 19,180 32,161 53,819 971,341
Farm Net Income (1,000 KRW) 33,419 43,684 -30,521 6,300 20,247 46,172 781,708
Agricultural Gross Revenue 84,026 75,672 489,850 29,566 62,100 118,303 836,519
(1,000 KRW)
Farm Assets (1,000 KRW) 558,231 548,120 9,451 220,579 397,973 702,944 4,445,952
Land Area (m?) 8,166 12,887 0 885 3,982 9,157 149,170
Average Temperature (°C) 12.91 1.18 10.59 11.9 12.67 13.58 16.67
Average Minimum Temperature (°C) 8.07 1.69 5.78 6.66 7.52 8.9 13.9
Average Maximum Temperature (°C) 18.53 0.84 15.91 17.96 18.45 18.89 20.67
Average Sea-level Pressure (hPa) 1,016.5 0.45 1,015.2 1,016.2 1,016.58 1,016.82 1,017.32
Total Precipitation (mm) 1,291.21 297.15 713 1,050.68 1,233.58 1,486.38 2,281.6
Average Relative Humidity (%) 68.88 4.29 56.6 65.08 69.32 72.4 75.65
Total Sunshine Duration (hr) 2,308.85 169.39 1,449.7 2,205.24 2,294.08 2,418.67 2,771
Total Solar Radiation (MJ/m?) 4,735.11 689.96 2,133.62 4,437.68 4,873.16 5,180.99 5,962.13
Average Wind Speed (m/s) 1.85 0.58 1.28 1.53 1.58 1.84 4.18
o0
1250
1000
70
Fig. 1. Distribution of farm income and KDE visualization
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Table 2. Results of multicollinearity VIF analysis

Variable VIF

Average Minimum Temperature (°C) 6.37
Average Maximum Temperature (°C) 4.92
Average Sea-level Pressure (hPa) 2.1
Total Precipitation (mm) 1.28
Average Relative Humidity (%) 1.99
Total Sunshine Duration (hr) 1.36
Total Solar Radiation (MJ/m?) 1.17
Cultivated Area 243
Agricultural Gross Revenue 1.58
Land Area 2.44

Land Value 1.27

Major Plant Assets 1.16
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Table 3. Results of OLS regression analysis

Variable Coefficient Std. Error t-statistic p-value
Education Level -0.0132™ 0.004 -3.679 0
Cultivated Area -0.034 0.023 -1.474 0.14
Farm Net Income 1.0714™ 0.013 82.179 0
Agricultural Gross Revenue 0.0972"" 0.014 7.112 0
Farm Assets -0.1073™" 0.036 2971 0.003
Land Area 0.0753™" 0.015 5.058 0
Land Value 0.1059™" 0.029 3.64 0
Major Plant Assets 0.0232 0.018 1.291 0.197
Average Temperature (°C) 0.0276 0.03 0.918 0.359
Average Minimum Temperature (°C) -0.1632"" 0.027 -5.941 0
Average Maximum Temperature (°C) 0.0864"" 0.029 2.998 0.003
Average Sea-level Pressure (hPa) 0.03 0.017 1.737 0.082
Total Precipitation (mm) 0.0581"" 0.016 3.567 0
Average Relative Humidity (%) -0.028 0.02 -1.394 0.163
Total Sunshine Duration (hr) 0.0395" 0.015 2.556 0.011
Total Solar Radiation (MJ/m?) -0.0058 0.013 -0.437 0.662
Average Wind Speed (m/s) 0.0192 0.054 0.359 0.719
Gyeonggi Province -0.2267"" 0.045 -5.092 0
Gyeongsangnam Province -0.3651™" 0.073 -4.993 0
Gyeongsangbuk Province -0.3046™" 0.077 -3.949 0
Busan Metropolitan City -0.1038 0.158 -0.657 0.511
Seoul Metropolitan City -0.226" 0.089 -2.55 0.011
Ulsan Metropolitan City -0.0835 0.522 -0.16 0.873
Jeollanam Province -0.2124" 0.085 -2.491 0.013
Jeollabuk Province -0.0375 0.053 -0.71 0.478
Jeju Special Self-Governing Province -0.0887 0.209 -0.425 0.671
Chungcheongnam Province -0.1269" 0.051 -2.505 0.012
Chungcheongbuk Province -0.2022""" 0.055 -3.701 0
Gender (Female) -0.0602" 0.036 -1.667 0.096
Agricultural Engagement (Part-time) 0.0647 0.085 0.763 0.446
R-squared: 0.439 Durbin-Watson: 0.573
Adj. R-squared: 0.437 Jarque-Bera (JB): 2.570
F-statistic: 375.0 Prob (JB): 0.00
p<0.01, "p<0.05, “p<0.1
&t 59T JAl AlSgk 0.09722 Fofm]et Fo A S FRolug &4 Asl BT 5= A= AlAE
JFE vAE Zog FIHUL V1% Ws FoME itk ol AW T 2usht sk Bt Sy

PFF A 7|20l Aggk 0.16328 UER BAHOR 7}
& fouet 29 TS vAE Ao2 EAF. of
L gHFZA7|L0] 1°C A58 1 H71450] oF 16.3%
AATE 9uloi, & SHRrEC] 94 59 A=
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Table 4. Short- and long-term income forecasting results for floriculture farms

Prediction Time Model Mean Squared: Error R-squared Model Evaluation
(MSE)
Random Forest 0.1165 0.49 Most suitable for short-term prediction
Gradient Boosting 0.1405 0.38 Medium performance
2 years later XGBoost 0.1166 0.49 Similar to Random Forest
LightGBM 0.1168 0.49 Similar to Random Forest
Linear Regression 0.2599 -0.14 Poor performance
Random Forest 0.1584 0.36 Most suitable for medium-term prediction
Gradient Boosting 0.1990 0.19 Low performance
4 years later XGBoost 0.1656 0.33 Close to Random Forest
LightGBM 0.1669 0.32 Medium performance
Linear Regression 0.2472 0 Poor performance
Random Forest 0.2940 0.17 Medium performance
Gradient Boosting 0.3350 0.06 Low performance
6 years later XGBoost 0.2944 0.17 Similar to Random Forest
LightGBM 0.2963 0.17 Similar to Random Forest
Linear Regression 0.3696 -0.04 Poor performance
Random Forest 0.1097 0.53 Most suitable for long-term prediction
Gradient Boosting 0.1913 0.17 Low performance
10 years later XGBoost 0.1109 0.52 Close to Random Forest
LightGBM 0.1126 0.51 Medium performance
Linear Regression 0.2486 -0.07 Poor performance

MSE=0.1097, R>=0.530.2 7}%} 923} JL-o 7|230
™, XGBoost (0.1109, R*=0.52)%} LightGBM (0.1126,
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Table 5. Performance comparison of machine learning models for floriculture farm income prediction

(2, 4, 6, 10 years)

Forecast Period Evaluation Metric Random Forest XGBoost LightGBM Linear Regression
MSE 1.17 x 1015 1.17 x 1015 1.17 x 1015 2.60 x 1015
2-year
R-squared 0.49 0.49 0.49 -0.14
MSE 1.58 x 1015 1.66 x 1015 1.67 x 1015 2.47 x 1015
4-year
R-squared 0.36 0.33 0.32 -0.00
MSE 2.94 x 10" 2.94 x 10" 2.96 x 10" 3.70 x 10"
6-year
R-squared 0.17 0.17 0.17 -0.04
MSE 1.10 x 1015 1.11 x 1015 1.13 x 1015 2.49 x 1015
10-year
R-squared 0.53 0.52 0.51 -0.07
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Fig. 5. SHAP analysis results

Table 6. Comparison of prediction performance: Stacking model vs. random forest with hyperparameter

optimization
Model MSE R-squared
Stacking Model 0.50 0.58
Random Forest (with optimized hyperparameters) 0.50 0.59
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