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I nfluence of Environmental Factorson NegativeAir 1on Using Random Forest
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Abstract: Negative air ion(NAI) is an essential indicator for measuring the air cleanliness of a given area, which
plays an important role in promoting the psychological and physiological functions of the human body. With the
development of forest eco-tourism, NAI has attracted substantial attention, while research on NAI has become

increasingly active, especially for the topics of the occurrence process and impact mechanism of NAI in related
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fields. Based on meteorological data and observation data of NAI during the main growing season of Quercus
variabilis BI. plantation in the hilly area of North China, the random forest model in machine learning was used to
analyze the environmental factors that affected NAI concentration changes from a non-linear view, and independent
samples were used to simulate the random forest model to determine the prediction accuracy of the model. The
estimation model of NAI was established for revealing the response mechanism and predicting the response pattern
of NAI to environmental factors for further research. Results showed that the random forest model had higher
accuracy and better fitting effect in analyzing the impact of environmental factors on NAI, and by verifying the fitted
and measured values of the model, the root mean square error(RMSE) was 59.349, and the coefficient of
determination R* reached 0.887. While using independent test data to 10-fold cross-validation of the random forest
model, the average R* was above 0.904 and the root mean square error(RMSE) was small at 24.851. In addition, the
model screened out that the main factors affecting NAI were particulate matter PM, 5(48.037), vapor pressure
deficit(46.169), soil moisture(43.984), wind speed(43.779), ultraviolet radiation(41.130), soil temperature(40.107),
direct radiation(36.838) and atmospheric pressure(34.532) sorted by importance scores. Among them, the three
variables contributed relatively high importance to the model were particulate matter PM, s, vapor pressure deficit
and wind speed, which prove that they play a decisive role in the variations of NAI. Therefore, the random forest
model is better to simulate the NAI with high accuracy and strong stability.

Key words: Negative air ion; Environment factor; Machine learning; Random forest model; Quercus variabilis BI.
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Tablel Typesof environmental factor variables observed in the experiment

wH

Variable name

bR e

Measuring range

iR Temperature ambient(Ta) —80~60°C
AR Relative humidity(Rh) 0~100%
A# Wind speed(Ws) 0~60m-s '

K’SJE Atmospheric pressure(AP) 600~1100hPa

& %ESS Photosynthetically active radiation(PAR) 400~700nm
SRS Direct radiation(Dr) 400~1100nm
L AME S} Ultraviolet radiation(UV) 210~380nm
1B Net radiation(Rn) 300~2800nm
+IEIRE Soil moisture(Ms) 0~100%

+ IR Soil temperature(Ts) —45~65°C
ki) Particulate matter(PM, 5) 1~1000pug-m >

bi -3 it Eless FE it
Precision Height from ground Model Region
+0.12°C 1.8m HMP155 2§ 2% Finland
+1PP 1.8m HMP155 75 2% Finland
2% 1.8m WindSonic Y&[H Britain
+1hPa 1.8m AV-410BP %[H USA
+5% 2m LI-190SB %E USA
+2% 2m LI200X %[E USA
+2% 2m TUVR %[H USA
+1% 2m CNR4 faf =% Netherlands
£1PP -0.2m AV-ECS %[E USA
£0.2°C -0.2m AV-10T %[H USA
1% 1.8m RR-9421 [ China

i K PPN “H R
Note: PP in the precision means percent point.
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Table2 Theresultsof random forest intermediate model

and correlation values

ARG S T7 AR LR
Sample No. Variance explained(%) R
1 88.1 0.938
2 88.6 0.941
3 88.7 0.942
4 88.4 0.940
5 88.8 0.942
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Table3 Thevariableimportance score of random forest
model

AR 5 4, Variables T Z 145 4) Importance score

WKLY PM, 5 48.037
M7 E 2 Vapor pressure deficit 46.169
3B Soil moisture 43.984
& Wind speed 43.779
LHMEST Ultraviolet radiation 41.130
L HERE Soil temperature 40.107
JV4E 4 Direct radiation 36.838
KRS JE 77 Atmospheric pressure 34.532
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Table4 Result of model 10-fold cross-validation

UHL Time 175 % RMSE YT RH R
1 44.663 0.868
2 28.135 0.887
3 23.362 0.906
4 22.476 0.909
5 20.627 0.917
6 21.037 0.915
7 21.507 0.913
8 21.388 0.914
9 22.603 0.908
10 22.713 0.908
“F-#5{H Mean 24.851 0.904
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