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Spatio-Temporal Distribution Characteristics and Clustering of Relative
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Abstract : This study analyzed the spatial and temporal distribution characteristics of relative humidity (RH) based
on the past 110 years (1911-2020) weather station data in Korea. Results showed that both the average and the trend
of RH have changed over the research period. Overall, the RH for the recent 30 years (1990.12- 2020.11) showed
decreasing trends in winter and spring and increasing trends in summer and autumn. The decreasing trends in win-
ter and spring were mainly due to a decrease in the dew point temperature (Td) and a rapid increase in temperature,
respectively. On the other hand, the increasing trends in summer and autumn were mostly related to an increase in
Td. Our cluster analysis using K-means clustering classified Korea into 6 clusters. The western coastal region has the
highest RH and the smallest temporal variation, with an increasing trend, whereas large cities and the eastern coast-
al region have the lowest RH and a large temporal variation with a decreasing trend. We also observed that each
cluster has its own seasonal variations such as the magnitude of seasonal variation and the time when the minimum

RH occurs.
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Table 1. Summary of meteorological observation data used in this study. ASOS stands for Automated Synoptic

Observing Station.

Variables Stn. type Frequency # of Stn. Period Source
RH (%) ASOS Daily 2-94 1911.01-2020.12

Ta(C) ASOS Daily 67

Td ( C)o ASOS Da{ly 67 KMA
Tmin (C) ASOS Daily 67 1990.12-2020.12

Tmax (C) ASOS Daily 67

PRCP (mm) ASOS Daily 67
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Figure 1. Interannual variation of annual average of relative humidity according to the year when the observation

starts. The number in parentheses refers to the number of points at which relative humidity observations have

continued since that year.
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Table 3. Mann-Kendall trends of 8 climate elements for the 30 years (1990.12-2020.11) (n_pr: number of precipitation
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Variable DJF MAM JJA SON Ann.

RH (%) S2.11% -1.21 0.32 0.62 -0.30
T(C) 0.03 0.48** 0.43** 0.34** 0.32%**
Td (C) -0.50 -0.02 0.43** 0.42** 0.11
Tmin (C) 0.10 0.44** 0.42%** 0.58** 0.39***
Tmax (C) -0.11 0.48** 0.43* 0.10 0.24*
prep (mm/d) 8.20 -1.83 -50.02 35.73* 15.50
n_pr (day) 0.45 0.04 1.27 2.12% 2.20
T-Td (C) 0.52%** 0.53%* 0.08 -0.06 0.24**

%, ** and * indicate the significance level, 1, 5 and 10%, respectively.

Table 4. Pearson’s correlation coefficient between RH and 7 climate elements.

Variables DJF MAM JJA SON Ann.

T(C) 0.35% -0.05 0.32% 0.33* -0.05
Td (C) 0.79%** 0.75%* 0.28 0.71%%* 0.70%*
Tmin (C) 0.40** 0.16 0.1 0.43* 0.06
Tmax (C) 0.33* -0.19 -0.45** 0.10 -0.15
prep (mm) 0.47%** 0.61*** 0.34* 0.46** 0.12
n_pr (day) 0.50%** 0.53% 0.59%** 0.54%% 0.24
T-Td (C) -0.99%** -0.96%** -0.95%** -0.96%** -0.95%*

¥, ** and * indicate the significance level, 1, 5 and 10%, respectively.
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Figure 2. Bubble charts for trend of relative humidity based on the trends of temperature and dew point temperature

for the 30 years (1990.12-2020.11).
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Table 5. Average and coefficient of variance (CV) of relative humidity (RH) according to the cluster. Range stands for

the differences between monthly maximum and minimum RH.

Avg. (%) CV (%) Range
Cluster !
DJF | MAM | JJA | SON | Ann. | DJF | MAM | JJA | SON | Ann. (%)
1:LaMvMr 58.92 58.12 74.65 70.27 65.46 21.86 23.62 11.09 13.77 17.52 28.59
2:HalvLr 69.88 68.79 80.63 73.82 73.26 13.67 16.70 8.34 11.35 12.49 20.91
3:LaHvHr 50.34 60.53 78.38 65.94 63.77 31.01 28.33 12.45 18.95 22.58 37.69
4:MalvLr 66.15 60.63 75.12 73.00 68.71 16.40 19.57 10.31 11.36 14.34 24.67
5:MaMvMr 63.43 65.31 80.27 70.44 69.85 19.06 21.79 10.54 15.17 16.60 26.31
6:LaHvMr 54.10 54.48 70.49 63.68 60.67 24.66 27.13 14.73 17.90 20.99 27.81
(3) 2l Hs =4 o= Ao 2 602 217 3 Aol 9]
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Figure 7. Interannual variation of annual average of relative humidity according to the cluster.
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Table 6. Mann-Kendall trends of seasonally averaged 8 climate elements according to the cluster (n_pr: number of
precipitation days).

Season Variables Clusterl Cluster2 Cluster3 Cluster4 Cluster5 Cluster6 All
RH (%) -2.92%x -0.77 -1.94* -2.60** -0.87 -2.98%** S2.11%
T(C) 0.09 0.02 -0.07 0.12 -0.01 -0.17 0.03
Td (C) -0.69* -0.23 -0.75* -0.55 -0.20 -1.00** -0.50

DI Tmin (C) 0.20 0.05 0.01 0.24 -0.08 -0.16 0.10
Tmax (C) -0.07 -0.20 -0.18 -0.10 -0.05 -0.19** -0.11
prep (mm/d) 6.89 11.63 5.50 3.15 12.53 3.60 8.20
n_pr (day) 0.78 0.93 0.74 -0.53 -0.21 0.29 0.45
T-Td (C) 0.78*** 0.17 0.67** 0.62*** 0.20 0.87** 0.52%**
RH (%) -0.20 1.46** -0.13 0.32 0.62 -1.76%** 0.32
T(C) 0.48 0.37 0.41 0.44 0.39 0.41 0.43**
Td (C) 0.33** 0.56** 0.28** 0.43*** 0.49** -0.08** 0.43**
JIA Tmin (C) 0.46* 0.41%* 0.41 0.54** 0.43*** 0.37 0.42%**

Tmax (C) 0.54 0.37** 0.51 0.35 0.43 0.54*** 0.43*
prep (mm/d) -53.36 -23.33 -41.61 -26.22 -46.08 -39.6 -50.02
n_pr (day) 1.21 1.59 0.3 2.05 -1.00 0.62 1.27
T-Td (C) 0.24 -0.18 0.16 0.12 -0.02 0.56*** 0.08
RH (%) 0.94 1.34%* -0.22 0.64 0.68 -1.11 0.62
T(C) 0.34** 0.34** 0.15 0.49** 0.27* 0.25 0.34**
Td (C) 0.48** 0.51** 0.04 0.45** 0.33* -0.11 0.42**

SON Tmin (C) 0.63** 0.62*** 0.32* 0.71** 0.35%* 0.25* 0.58***
Tmax (C) 0.06 0.12 -0.02 0.14 0.17 0.18 0.10
prep (mm/d) | 41.16* 39.33* 59.71* 12.06 43.16* 18.90 35.73*
n_pr (day) 2.59** 2.40** 2.08** 1.89* 1.69** 0.36 2.12%*
T-Td (C) -0.10 -0.21* 0.11 -0.06 -0.08 0.37 -0.06
RH (%) -1.61* 0.11 -1.84** -1.65** -0.52 2,17 -1.21
T(C) 0.51*** 0.32** 0.44** 0.51*** 0.45** 0.38 0.48**
Td (C) -0.17 0.18 -0.16 -0.14 0.21 -0.39 -0.02
Tmin (C) 0.51*** 0.25 0.35** 0.49** 0.32** 0.26 0.44**

MAM
Tmax (C) 0.53 0.39 0.51 0.42 0.56 0.44 0.48**
prep (mm/d) 1.19 6.43 -4.44 -10.24 -3.24 -15.83 -1.83
n_pr (day) 0.50 0.46 -0.25 0.73 -0.86 0.00 0.04
T-Td (C) 0.73** 0.16 0.62** 0.69*** 0.26* 0.87*** 0.53%*

¥, ** and * indicate the significance level, 1, 5 and 10%, respectively.
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Table 7. Pearson’s correlation coefficient between RH and the other 7 climate elements for winter and spring

according to the cluster (n_pr: number of precipitation days).

Season Variables Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 All
T(C) 0.34 0.26 0.37 0.25 0.30 0.37 0.35

Td (C) 0.85 0.65 0.87 0.75 0.70 0.85 0.79

Tmin (C) 0.40 0.30 0.39 0.31 0.35 0.38 0.40

DJF Tmax (C) 0.31 0.21 0.37 0.25 0.23 0.34 0.33
prep (mm) 0.44 0.35 0.67 0.36 0.54 0.51 0.47

n_pr (day) 0.50 0.39 0.65 0.49 0.32 0.46 0.50

T-Td (C) -0.99 -0.99 -1.00 -0.99 -0.99 -1.00 -0.99

T(C) -0.40 -0.06 -0.55 -0.19 -0.18 -0.75 -0.32

Td (C) 0.34 0.55 0.00 0.49 0.32 0.09 0.28

Tmin (C) -0.15 0.17 -0.43 0.02 -0.06 -0.71 -0.11

JJA Tmax (C) -0.53 0.22 -0.64 0.35 0.32 0.74 -0.45
prep (mm) 0.51 0.03 0.54 0.23 0.17 0.36 0.34

n_pr (day) 0.62 0.46 0.64 0.48 0.32 0.42 0.59

T-Td (C) -0.96 -0.97 -0.98 -0.94 -0.97 -0.99 -0.95

T(C) 0.30 0.34 0.33 0.15 0.36 -0.06 0.33

Td (C) 0.73 0.74 0.84 0.59 0.76 0.75 0.71

Tmin (C) 0.47 0.46 0.4 0.24 0.43 -0.01 0.43

SON Tmax (C) -0.03 0.09 0.19 -0.02 0.18 -0.07 0.10
prep (mm) 0.47 0.42 0.45 0.29 0.42 0.28 0.46

n_pr (day) 0.56 0.57 0.53 0.42 0.49 0.43 0.54

T-Td (C) -0.96 -0.97 -0.98 -0.95 -0.98 -0.98 -0.96

T(C) -0.19 0.40 -0.26 -0.16 0.04 -0.10 -0.05

Td (C) 0.81 0.80 0.78 0.71 0.71 0.83 0.75

Tmin (C) 0.09 0.49 -0.11 0.01 0.19 -0.11 0.16

MAM Tmax (C) -0.33 0.26 -0.42 -0.22 -0.12 -0.08 -0.19
prcp (mm) 0.53 0.68 0.62 0.47 0.57 0.53 0.61

n_pr (day) 0.52 0.51 0.60 0.36 0.39 0.31 0.53

T-Td (C) -0.96 -0.94 -0.99 -0.95 -0.97 -0.99 -0.96
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