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Prediction Model of Average Temperature based on Characteristic of
Urban-space Using LSTM and GRU: The Case of Wonju City

0]£A] Lee Wooseop®, 134+ Kim Hyungkyoo™*

Abstract

As the annual average temperature continues to rise due to climate change caused by global warming, the incidence
of heat diseases and the number of deaths are also increasing, which is expected to require various alternatives and
research. In this study, the average temperature rise-related variables are extracted through statistical analysis for
Wonju City, where the average temperature increase rate and change are high, and the average temperature is
predicted by utilizing deep learning-based LSTM and GRU based on the extracted variables. Three models were
extracted through correlation and regression analysis for 26 variables collected based on prior research consideration,
based on which LSTM and GRU analysis were conducted. The analysis showed the lowest MSE of LSTM —
0.4399(2.94°C), GRU - 0.4444(2.97°C) in the third model with 12 variables, with little MAE difference between
validation and test data. This study is significant in that it extracted variables through statistical analysis and predicted
average temperature rise using deep learning as a data acquisition method for adapting the annual average temper-
ature rise problem. In addition, it is expected that urban space factors that affect the average temperature rise in
Wonju City will be extracted along with predicting the trend of average temperature change, and appropriate meas-
ures will be prepared to take into account regional impact factors, not uniform climate change adaptation.

Keywords: Prediction of Average temperature, Deep-Learning, LSTM, GRU, Wonju
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Table 1_ Total_Variable

Variables Unit
Population person
Population_density person/km?
Ruminants head
forest_land ha
Residential_zone km?
Commercial_zone km?
Industrial_zone km?
Green_zone km?
Natural_parks 1,000km?
Urban_parks 1,000km?
Rivers_length km
Rivers_Improvement_rate %
Independent Roads_length km
Variable Roads_paved_rate %
Road_facilities m?
Vehicles car
SO, ppm
CcO ppm
O, ppm
NO, ppm
PM, ug/m’
Precipitation mm
Wind_speed m/s
Wind_direction 16th direction
Humidity %
Pressure hPa
D\i};:;‘]jf:t Temperature °C




Figure 1_Locations of National Air Pollution Monitoring Stations in Wonju (Provided by Airkorea)
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Table 2 _Dataset Example

Time Green_zone | Natural parks | Urban_parks SO, (00] O;
(YYYY-MM-DD-hh) (km?) (1,000km?) (1,000km?) (ppm) (ppm) (ppm)
2001-01-01-01 45.25 107720 5214.4 0.0115 1.6500 0.0085
2009-06-15-12 54.26 181572 6724.0 0.0030 0.2500 0.0455
2018-12-31-24 53.13 105506 8228.0 0.0067 1.3000 0.0063

Source: Wonju Statistical Information; Air Korea;, Korea Meteorological Administration.

Table 4 _Missing Value Statement

Table 3 _Missing Value Interpolation

Date CcO CO_Interpolation Normal Missing_Value_Interporation
2001010710 0.8 0.8 Total _ Value mean_weekly mean_daily
2001010711 -999 0.9 Value 145,785 5,367 6,528
2001010712 -999 0.9 157,680
2001010713 0.9 0.9
Average Day 0.9 0.9
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Figure 2 _Correlation Analysis
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Figure 3 _DNN & RNN Architecture
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Table 5 _ Analysis Model

Variables Unit Model | Model | Model
1 2 3
Population person X X X
Population_density person/km? X X X
Ruminants head X X X
Forest_land ha O O O
Residential _zone km? X X X
Commercial_zone km? X X X
Industrial_zone km? X X X
Green_zone km? O O X
Natural_parks 1,000km? O X X
Urban_parks 1,000km? O O X
Rivers_length km O O O
Rivers_Improvement_rate % O O X
Roads_length km X X X
Roads_paved_rate % O ©) ©)
Road_facilities m? O X X
Vehicles car X X X
O, ppm O @) O

(continued)



Table 5_ Analysis Model (continued)

Variables Unit Model | Model | Model
1 2 3
NO, ppm O O O
PM10 ug/m’ O O O
Precipitation mm O O O
Wind_speed m/s O O O
Wind_direction 16th direction| O O O
Humidity % O O O
Pressure hPa O O O
Total 18 16 12
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