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Abstract: Formaldehyde is a carcinogen and plays an essential role in photochemical reactions.
Understanding its distribution and dynamics in the atmosphere significantly protects human and
ecosystem health. In this paper, the temporal and spatial distribution of tropospheric formaldehyde
column concentration and its influencing factors in Argentina from 2010 to 2021 are studied, and the
future trend of formaldehyde is discussed. The results showed that the spatial distribution of
formaldehyde gradually decreased from a high concentration in the northeast region to a low
concentration in the southwest region. The concentration of formaldehyde column has fluctuated and
increased in the last 12 years. The concentration of formaldehyde is highest in winter. Formaldehyde
has a high correlation with NDVI (Normalized Difference Vegetation Index) and lift index but a low
correlation with air pressure. The topographic factor plays an aggregation role in formaldehyde
concentration during atmospheric transport. It is expected that formaldehyde in Argentina may continue
to show a slight increase trend.
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1. Introduction

Formaldehyde (HCHO) is the simplest volatile organic compounds (Oxygenated Volatile
OrganicCompounds, OVOCs) in the atmosphere with relatively high reactivity (Boeke N. L.,et al.,2011;
Atkinson R.,et al.,2003). HCHO is not only a photochemical product at atmospheric nitrate but also can
participate in photochemical reactions to generate oxidizing solid pollutants such as ozone (O3) and
Peroxyacetyl nitrate (PAN) (Jiang Z.H., et al., 2016). Motor vehicle exhaust emissions and agricultural
straw burning will also increase formaldehyde concentration. In indoor sources, various building
materials, plywood, blankets, wooden products, flooring, decoration, and decorative materials will
slowly and continuously emit formaldehyde (Liu J.S., et al.,2023).

The World Health Organization has identified formaldehyde as a carcinogen and teratogenic
substance, accounting for more than 50% of the risk assessment of 187 harmful air pollutant
concentrations determined by the International Agency for Research on Cancer (IARC). Indoor
concentrations as high as 0.5mg/m? will cause human tears and abnormal eye sensitivity. The throat is
uncomfortable or painful when the formaldehyde concentration is higher than 0.6 mg/m>. It can also
cause nausea, cough, chest tightness, and wheezing. Formaldehyde concentrations above 30 mg/m? can
cause immediate death. Long-term exposure to high concentrations of formaldehyde can cause
nasopharyngeal cancer and cardiovascular and cerebrovascular diseases and lead to chromosomal
abnormalities and gene mutations (Scheffe R.D..et al.,2016; Zhang Y.J., et al.,2009).The traditional
formaldehyde monitoring method cannot measure the concentration of tropospheric formaldehyde in
large areas, long time, and high efficiency, so it is more advantageous to use remote sensing satellite
technology to monitor tropospheric formaldehyde. Currently, there are many sensors for remote sensing
monitoring of air pollution, including GOME(The Global Ozone Monitoring Experiment, ERS-2
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launched in 1996), SCTAMACHY (The Scanning Imaging Absorption Spectrometer for Atmospheric
Chartography, ENVISAT launched in 2002), and GOME-2 (Global Ozone Monitoring Experiment
2 ,METOP-A launched in 2007 and 2013) and OMI(Ozone Monitoring Instrument ,aboard the AURA
satellite launched in 2004) (Zhang Y., 2019; Zhang X.,et al.,2019; Darreh-Shori T.,et al.,2019; Zhuang
L.Y,, etal.,2019), among them. OMI data has the highest inversion accuracy and the most comprehensive
coverage, the high spatial resolution increases the sensitivity considering the tropospheric measurement,
which can be used to study atmospheric pollution (Li C.,et al.,2010; Zhang J., et al.,2015).

Several authors have used remote-sensing satellite data to study formaldehyde. Zhu L..et al.(2014)
concluded that in Texas, under the influence of human factors, formaldehyde is mainly related to waste
gas generated by the refining and petroleum industries. Marais E.A. et al. (2012) concluded that the main
factors contributing to the formaldehyde concentration in South America were the plant emissions of
isoprene and the burning of biomass. Schedlbauer A.,et al. (2011) used OMI's tropospheric formaldehyde
column concentration data and the GEOS-Chem model to study the spatial and temporal distribution of
tropospheric formaldehyde column concentrations in different regions worldwide. Based on the
formaldehyde daily product data of Aura-OMI sensor L2-V003, Li L..et al. (2020) showed that the
interannual mean value of formaldehyde column concentration in Shaanxi Province, China, from 2010
to 2018 showed a fluctuating upward trend. The spatial distribution decreased to the north and south in
the upper Guanzhong region, while the stability of formaldehyde concentration decreased to the south
along the Qinling Mountains. Xian L.,et al. (2018) showed that the formaldehyde concentration in the
Pearl River Delta was (13.11-15.14) x10' molec-cm™, and the total energy consumption and industrial
waste gas emissions accounted for a large proportion. Wang F..et al. (2021) took INTEX-B anthropogenic
sources, FINNv1 biomass combustion sources, and MEGAN biological sources as the benchmark
sources. The study showed that anthropogenic sources increased by 1.51 times, 1.87 times, and 1.93
times, respectively, in the three urban agglomerations of Beijing-Tianjin-Hebei, Yangtze River Delta, and
Pearl River Delta in China, which are currently the most polluted. Biomass combustion sources increased
by 12.2 times, 6.15 times, and 2.27 times in the three regions, and biological sources increased by 1.66
times, 1.31 times, and 1.21 times in the three areas, respectively[1-6].

There is little research on atmospheric formaldehyde pollution. Therefore, this paper used OMI
formaldehyde remote sensing satellite data from 2010 to 2021, combined with vegetation and
meteorological data, and HYSPLIT to study atmospheric formaldehyde pollution in Argentina to provide
a basis for environmental protection in the study area.

2. Study area
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Figure 1: Diagram of the study area

Argentina (73°W~54°W,22°S~54°S) is in the southern part of South America (Fig.1), bordered by
the Atlantic Ocean to the east, the Andes Mountains to the west with Chile, and Bolivia, Paraguay, Brazil,
and Uruguay to the north and east. The Andes Mountains in the west, of which the mountainous area
accounts for 30.64% of the country's size, the Pampas grassland in the east and central, the Patagonia
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plateau in the south, Argentina's overall terrain is high in the west and low in the east. Argentina has a
diverse climate, with the main climate types being savanna, subtropical monsoon, and temperate
continental. Fig.1 is the diagram map of the research area. The colors represent altitude, and red means
high altitude[7-15].

3. Datas and methods
3.1 Data source

The formaldehyde data in this paper come from the data monitored by the Ozone Monitoring
Instrument carried by NASA's AURA satellite. This sensor has the characteristics of high accuracy and
wide range. The working principle is to obtain information by observing the backscattered radiation of
the Earth's atmosphere and Earth's surface. Its orbital scanning amplitude is 2600km, the spatial
resolution is 13kmx*24km, and the spectral resolution is about 0.45nm (Boeke et al., 2011; Li et al., 2013).

Normalized Difference Vegetation Index (NDVI) is a standardized index that reflects plant growth
and vegetation coverage. The NDVI used in this paper is MODIS Level 3 product from 2010 to 2021.
From NASA (https://code.earthengine.google.conm/).It quantifies vegetation by measuring the difference
between near-infrared (strongly reflected by vegetation) and red light (absorbed by vegetation). The
product coverage degree, high precision, light, and resolution are 1000 m.

The oil and coal data, energy consumption, and electricity consumption used in this paper are from
the World Development Bank database. Land cover data from the National Center for Basic Geographic
Information (http://wwww.ngcc.cn) include natural and artificial land cover, which can broadly reflect
the synergistic effects of human activities and natural factors on the atmosphere (Wei et al., 2021).

The HYSPLIT (Hybrid Single-Particle Lagrangian Integrated Trajectory model) model used in this
paper is a professional model developed by the Air Resources Laboratory of the National Oceanic and
Atmospheric Administration (NOAA) of the United States and the Australian Bureau of Meteorology
(https://www.ready.noaa.gov/archives.php) in the past 20 years to calculate and analyze the transport and
diffusion trajectory of air pollutants[16-28].

3.2 Data processing method

3.2.1 OMI data processing

In this paper, daily data of troposphere L2-vO03HCHO in Argentina from 2010 to 2021 are obtained,
and the data is read by HDF-view software. ArcGIS10.2 software was applied to format conversion,
kriging interpolation, masking, and calculation of the data, as well as the spatial distribution maps of the
annual quarterly. The spatial distribution of formaldehyde column concentration's annual, seasonal, and
monthly mean values were obtained.

3.2.2 Spatial computation method

This paper uses the Pearson correlation analysis method (Mu S.J..et al.,2012), which can measure
whether the two data groups show a linear trend index, and the correlation coefficient range is [-1,1].
This method analyzes the relationship between formaldehyde column concentration and water content,
air temperature, pressure, and rise index. The MODIS data from 2010 to 2021 downloaded from NASA's
official website are selected for NDVI data processing. The calculation formula is:

S =D i=)]

Y =2 Y (i-9)?

)

Ry, =

In the formula, R,, represents the correlation coefficient between two variables x and y, n is the
number of samples, x; represents the average value of HCHO column concentration in the year i, and
y; represent the value of water content, air temperature, air pressure, rise index, and vegetation coverage
in year i. X represents the multi-year mean of HCHO,y represents the multi-year mean of other data, and
i represents the year.

3.2.3 HYSPLIT model data processing

This paper used the HYSPLIT model (Yang H.,et al.,2017) to simulate pollution and analyze the
source of formaldehyde transport. This method has been widely used at home and abroad to study
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pollutants' source and transport path (Draxler R.R.,et al.,1997). The principle of the HYSPLIT model is
as follows: it is assumed that the moving trajectory of particles is floating with the wind field, and the
moving trajectory of particles is a vector integral in space and time. The specific calculation formula is
as follows:

p(t +4t) = p(t) + 0.5[v(p,t) + v(p',t + At)]At 2
p'(t +4t) = p(t) + v(p,t)At 3)

In the formula, p is the initial position of the particle; p'is the first guess position; v is wind speed,;
t is the location p(t + At) = p time; At is the step length, the change range is (1min~1h), and the
movement of the air mass must meet the v,.A¢ < 0.75 grid distance.

3.2.4 Slope trend analysis

In this paper, David Freedman's single linear regression trend analysis method was used to fit the
variation trend of each formaldehyde column concentration pixel over on a spatial scale (Hovland H.J.,et
al.,,1977; Li F.S., et al.,2020) studied the interannual spatiotemporal variation of formaldehyde in
Argentina from 2012 to 2021. The calculation formula is:

0 _ nxT (IXHCHO)-Y1 i X1 | HCHO;
slope — n 2 n 2
nxTi, )—(Zi=11)

4)

In the formula, 60y is the slope of the HCHO concentration value in each pixel, 7 is the cumulative
number of years in the study period, i is the year, and HCHO; is the formaldehyde column
concentration value in the year i. 8g,,,>0 indicates that the formaldehyde column concentration shows
an increasing trend with the increase of years, and 6g,,,<0 indicates that the formaldehyde column
concentration shows a decreasing trend with the increase of years. The greater the absolute value of
Os10pe- the greater the variation range of the HCHO column concentration value (Huang Y.Y., et al.,2019).

3.2.5 Hurst index

The Hurst index can reflect the future change trend of a time series and is generally calculated using
the R/S analysis method (Nan, 2021; Lixia et al., 2020). The trend strength can be judged according to
the Hurst index value. When H=0.5, the change is relatively random. When 0<H<O0.5, the future trend is
expected to decrease, showing an anti-sustainability. The future performance is sustained when 0.5<H<1
(Xiaowei and Rui, 2015). The future trend corresponding to the Hurst index value interval can be
subdivided into five levels: weak anti-sustainability, strong anti-sustainability, random change, weak
sustainability, and strong sustainability[29-33].

4. Results and discussion
4.1 Temporal and spatial characteristics of formaldehyde column concentration and its trend analysis

4.1.1 Interannual spatial variation of formaldehyde column concentration

Fig.2 shows Argentina's interannual spatial distribution of formaldehyde column concentrations from
2010 to 2021. To analyze the spatial variation rules and characteristics of Argentine formaldehyde, the
concentration of HCHO was divided more clearly into six grades according to its maximum value
(17.72x10%molec’cm2) and minimum value (8.07x10'*molec-cm?). The results showed that the average
formaldehyde concentration in Argentina was 13.01x10"molec:cm?, with prominent spatial distribution
characteristics. The high concentration was concentrated in the northeastern region, while the
concentration was low in the southern region, showing a descending spatial distribution pattern from the
northeast to the southwest. The second, third, and fourth levels were the main concentrations, and the
first and second levels were concentrated in the western and southern regions. This may be related to the
topography and land and sea location, and the west is the Andes mountains and the southern coast. The
air diffusion rate is fast, and formaldehyde is challenging to gather.
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Figure 2: Interannual spatial distribution of formaldehyde column concentration in Argentina from
2010 to 2021

Combined with the inter-annual variation grade diagram of formaldehyde column concentration in
Argentina from 2010 to 2021 (Fig. 3), it was found that the formaldehyde column concentration had
slight fluctuation and showed an overall upward trend, among which the formaldehyde column
concentration was the highest in 2018 (14.16x10>molec-cm?) and the lowest in 2013. The concentration
of formaldehyde column was 12.47x10" molec-cm™ from 2010 to 2013, which showed an overall
downward trend and reached the lowest concentration value in 2013. In Argentina, the relevant
legislation in that year required the path of sustainable development, the appropriate sustainable
management of the environment, and the strengthening of the control of waste pollutants from industrial
and service activities.
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Figure 3: Annual variation trend of formaldehyde column concentration in Argentina from 2010 to
2021

4.1.2 Monthly spatial variation of formaldehyde column concentration

Fig.4 shows the spatial distribution of Argentina's monthly mean column concentration of
formaldehyde. It can be seen from the figure that the formaldehyde concentration decreases from
northeast to southwest in general. From January to March, the area of Grade 5 formaldehyde column
concentration in the northeast region shows a decreasing trend. From July to December, the concentration
of formaldehyde column shows a fluctuation trend, first decreasing and then increasing.
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Figure 4: Monthly mean distribution of formaldehyde column concentration in Argentina from 2010 to
2021
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4.1.3 Trend analysis of formaldehyde column concentration

The Slope and Hurst index can be used to analyze the past and future trends of formaldehyde column
concentration in Argentina (Liang Z.H., 2022; Huang R.R.,2022; Duan J.L.,2022). Table 1 is the interval
table of Slope and Hurst grades. Hurst is also divided into five levels, namely weak sustainability
(0<H<0.25), strong sustainability (0.25<H<0.5), random variation (H=0.5), weak sustainability
(0.5<H<0.75), and strong sustainability (0.75<H<I).

Combined with the Hurst spatial distribution map in Argentina, the Hurst value ranges from 0.55 to
0.76, with an average value of 0.63. The area of formaldehyde column concentration showing weak
persistence (0.5<H<0.75) in the future reaches more than 98%, and the distribution is uniform. The vital
persistence area (0.75<H<1) is only 2%, scattered in Argentina, and is not considered. The results showed
that the slight increase in formaldehyde column concentration in Argentina was the primary trend in the
future, and the overall change was not significant, as shown in Figure 5.

Table 1: Slope and Hurst grade interval table

Level Slope Past trend Hurst Future trend
1 —0.16 < O510pe<—0.08 Significantly decreased 0<H<0.25 Weak discontinuity
2 —0.08 < O10pe<—0.01 Slightly decreased 0.25<H<0.5 Strong discontinuity
3 —0.01 < B10pe<0.06 Basically unchanged H=0.5 Random variation
4 0.06 < Og0pe<0.14 Slightly increased 0.5<H<0.75 Weak persistence
5 0.14 < O510pe<0.21 Significantly increased  0.75<H<1 Strong persistence
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Figure 5: Trend analysis of formaldehyde column concentration in Argentina in 2010—2021
4.2 Analysis of influencing factors of formaldehyde column concentration

To better analyze the factors affecting the formaldehyde column concentration in Argentina, this
paper is divided into human and natural factors.

4.2.1 Human activity factor

Fig.6 shows mean formaldehyde column concentration and spatial distribution of DMSP/OLS night
light. DMSP/OLS is an important branch of remote sensing application, which can indirectly reflect the
characteristics of urbanization level and population activities. It is one of Argentina's two most polluted
provinces, and the high concentration area is consistent with the high-value area of the light data. At the
same time, the coincidence degree of these two parts is high in the figure, indicating that human activities
are an essential factor affecting the concentration of formaldehyde columns[34-40].
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Figure 6: Mean formaldehyde column concentration and spatial distribution of DMSP/OLS night light
4.2.2 Vegetation factor

As shown in Fig.7, the regions with high correlation are mainly distributed in the central and western
regions and most of the coastal areas of the central and southern regions. The released isoprene was the
main factor for the increase in formaldehyde concentration. In this region, formaldehyde column
concentration significantly correlated with NDVI, with the correlation coefficient ranging from -0.64 to
0.73 and the positive correlation area reaching 61.51%. LAI (Leaf area index) was a comprehensive
index representing the canopy structure and community growth status of vegetation. Leaf area and leaf
age have been widely used in studies on changes in HCHO (Trostdorf et al., 2004), and the correlation
between Argentine formaldehyde column concentration and LAI ranged from -0.84 to 0.81.

BVOC emissions contribute significantly to local formaldehyde consistency (Barkley et al., 2008).
Therefore, vegetation is another crucial factor affecting the formaldehyde concentration value.
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Figure 7: Correlation graph between formaldehyde column concentration and NDVI and LAI
4.2.3 Climatic factor

Atmospheric water content can reflect the abundance of atmospheric water vapor, an essential factor
affecting climate and weather due to its uneven distribution in space, rapid change in time, and three-
state transformation. Studies have shown that 90% of biogenic VOC emissions in the Southern
Hemisphere occur between the equator and 25 degrees south latitude, while isoprene follows a similar
latitudinal pattern. It is mainly driven by temperature (Guenther et al., 1995). The uplift index is a
convective instability index. It represents the difference between the actual temperature of the 500hpa
space and the temperature of an air block that starts from the observation ground, rises to the lifting
condensation height along the dry adiabatic line, and then rises along the wet adiabatic line to the
temperature of the S00hPa space (Liu J.W. et al., 2005), as shown in Figure 8.
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Figure 8: Spatial correlation of formaldehyde column concentration distribution with climatic factors

5. Conclusions

(1) The interannual spatial distribution of formaldehyde column concentration in Argentina is
apparent, decreasing gradually from northeast to southwest in general, and the high-value areas are
mainly concentrated in Formosa and Misiones provinces.

(2) From the perspective of influencing factors, this paper analyzes the influence of vegetation and
meteorological factors on formaldehyde in Argentina. There was a positive correlation between
formaldehyde and NDVI, indicating that vegetation greatly influenced formaldehyde.

(3) According to the Slope and Hurst index, formaldehyde in 59.14% of Argentina shows an
unchanged trend from 2010 to 2021, while 32.17% of Argentina shows a slight increase.

Acknowledgement

This work was funded by Lanzhou Science and Technology Plan Project (2017-RC-69) and the
National Natural Science Foundation of China (2016YFC0500907) at the Key Laboratory of Resource
Environment and Sustainable Development of Oasis, Gansu province.

References

[1] Atkinson R., Arey, J. (2003). Atmospheric degradation of volatile organic compounds. Chemical
Reviews, 103(12), 4605—4638.

[2] Barkley, M.P, Palmer, P1., Kuhn, U., Kesselmeier, J., Chance, K., Kurosu, T.P., Martin, R.V.,, Helmig,
D.,Guenthe, A., 2008. Net ecosystem fluxes of isoprene over tropical South America inferred from Global
Ozone Monitoring Experiment (GOME) observations of HCHO columns. J. Geophys. Res. 113.

Published by Francis Academic Press, UK
-51-



Academic Journal of Environment & Earth Science
ISSN 2616-5872 Vol.6, Issue 2: 43-53, DOI: 10.25236/AJEE.2024.060206

[3] Boeke N. L., Marshall, J. D., Alvarez, S., et al. (2011). Formaldehyde columns from the ozone
monitoring instrument.: Urban versus background levels and evaluation using aircraft data and a global
model. Journal of Geophysical Research, 116(D5).

[4] BORGE R., LUMBRERAS, J., VARDOULAKIS, S., et al. (2007). Analysis of long-range transport
influences on Urban PM10 using two-stage atmospheric trajectory clusters. Atmospheric Environment,
41(21), 4434—4450.

[5] Darreh-Shori, T, Rezaeianyazdi, S., Lana, E . , et al. (2018). Increased active Omi/HTRA?2 serine
protease displays a positive correlation with cholinergic alterations in the alzheimers disease brain.
Molecular Neurobiology, 56(7), 4601—4619.

[6] Zhang Y.J., Pang X.B., Mou Y.J. (2009). Contribution Of Isoprene Emitted from Vegetableto
Atmospheric Formaldehyde in the Ambient Air of Beijing City[J]. Environmental science (04),976-981.
doi:10.13227/j.hjkx.2009.04.004.

[7] Duan J.L. (2022). A comparative study on the spatial and temporal distribution and influencing
factors of absorbing aerosols concentration in Eastern and Western China[D]. Northwest Normal
University.

[8] Fan J.C. (2022). Study on the spatiotemporal distribution and influencing factors of formaldehyde
in the Yangtze River Delta and the Pearl River Delta[D]. Northwest Normal University.

[9] Geng TY. (2022). A comparative study on the spatial and temporal distribution of NO; column
concentrations and influencing factors in the east and west of China[D]. Northwest Normal University.

[10] Guenther, A., Hewitt, C.N., Erickson, D., Fall, R., Geron, C., Graedel, T., Harley, P, Klinger, L.,
Lerdau, M.,McKay, W.A., Pierce, T., Scholes, B., Steinbrecher, R., Tallamraju, R., Taylor, J., Zimmerman,
P,1995.4 global model of natural volatile organic compound emissions. J. Geophys. Res. 100, 8873—
8892.

[11] Hoviand H. J. (1977). Three-dimensional slope stability analysis method. Geotech.engrg.div, 103(9),
971-986. DOI:10.1159/000365934.

[12] Huang R.R. (2022). A comparative study on the spatial and temporal distribution and influencing
factors of SO; column concentration in Eastern and Western of China[D]. Northwest Normal University.
[13] Huang S, D.,Tang C,L., Huang Y,R.(2023) .Spatial and temporal distribution of precipitable water
in China and its variation trend [J]. Journal of Yangtze River Scientific Research Institute,40(04):37-43
[14] Huang Y.Y,Yang D., Feng L.(2019). Spatiotemporal variation in vegetation coverage and its driving
forces in Ningxia during 2000—2016/J]. Chinese Journal of Ecology (08), 2515-2523. doi:10.13292/;.
1000-4890.201908.016.

[15] Jiang Z.H., Wang Y.J., Zheng X., et al. (2016). Variation Characteristics of Atmospheric Carbonyl
Compounds in Zhangjia Jie Forest. Research of Environmental Sciences (09), 1272-1278. doi:
10.13198/1.issn.1001-6929.2016.09.04.

[16] JuTZ, Li M., LiuS.Y, et al. (2022). Study on the temporal and spatial distribution characteristics
of NO; column concentration and its relationship with Oz and HCHO in Fenwei Plain. Acta Scientiae
Circumstantiae (06), 57-70. doi: 10.13671/j.hjkxxb.2022.0385.

[17] Kalaiarasan, G., Balakrishnan, R. M., Sethunath, N. A., et al. (2018). Source apportionment studies
on particulate matter (PMI10 and PM2.5) in ambient air of Urban Mangalore, India. Journal of
Environmental Management, 217, 815-824.

[18] Li C., Zhang, Q., Krotkov, N. A., et al. (2010). Recent large reduction in sulfur dioxide emissions
from Chinese power plants observed by the Ozone Monitoring Instrument. Geophysical Research Letters,
37(8).

[19] Li ES. (2020). Chinese absorption aerosol study based on OMI data [D]. Northwest Normal
University.

[20] Li L., Ju T.Z., Gao H.Y, et al. (2020). Temporal and spatial variation of formaldehyde column
concentration and analysis of its influencing factors in Shaanxi Province. China Environmental Science
(07), 2802-2810. doi:10.19674/j.cnki.issn1000-6923.2020.0313.

[21] Lixia, J., Liangliang, W, Jiajia, L., Ming, G., Ping, W., Qiujing, W., Lijuan, G., Huiying, Z., 2020.
Study on Precipitation Trend of Crop Growth Season in Heilongjiang Province Based on Hurst Index.
Journal of Meteorology and Environment. 36, 70-77.

[22] Liang Z.H. (2022). A comparative study on the spatial and temporal distribution and influencing
factors of ozome column concentration in Eastern and western of China [D]. Northwest Normal
University.

[23] LiuJ, S., LiuJ.J., Zhang J.L., et al. (2023). Development and application of clean flavor technology
in interior wall latex paint [J]. Tianjin Chemical Industry,37(06):52-54.

[24] Liu JW., Guo H., Li D.Y., et al. (2005) Basis for calculating the physical quantity of weather
analysis and forecasting[M].Beijing: China Meteorological Press, 32-38, 82, 3-14.

[25] LiuM.X, Li L., Yu RX, et al. (2021). Spatio-temporal Patterns and Potential Sources ofAbsorbing

Published by Francis Academic Press, UK
-52-



Academic Journal of Environment & Earth Science
ISSN 2616-5872 Vol.6, Issue 2: 43-53, DOI: 10.25236/AJEE.2024.060206

Aerosols in the Fenwei Plain[J]. Environmental science (06), 2634-2647. Doi: 10.13227/j.hjkx.
202010098.

[26] Zhu L., Jacob, D. J., Mickley, L. J., et al. (2014). Anthropogenic emissions of highly reactive volatile
organic compounds in eastern Texas inferred from oversampling of satellite (OMI) measurements of
HCHO columns. Environmental Research Letters, 9(11), 114004.

[27] Mu S.J., Li J.L., Chen Y.Z., et al. (2012). Spatial Differences of Variations of Vegetation Coverage
in Inner Mongolia during 2001-2010/[J]. Acta Geographica Sinica (09), 1255-1268.

[28] Scheffe R. D., Strum, M., Phillips, S. B., et al. (2016). Hybrid modeling approach to estimate
exposures of Hazardous Air Pollutants (HAPS) for the National Air Toxics Assessment (NATA).
Environmental Science & Technology, 50(22), 12356—12364.

[29] ShiJ., Ju T.Z., Zhang Z.C., et al. (2019). Spatial-temporal Distribution of Formaldehyde in Hunan,
China, and Its Influence Factors Analysis Based on Satellite Remote Sensing DatalJ]. EARTH AND
ENVIRONMENT (04), 448-458. doi:10.14050/j.cnki.1672-9250.2019.47.080.

[30] Trostdorf, C.R., Gatti, L.V., Yamazaki, A.M., Potosnak, J., Guenther, A., Martins, W.C., Munger, J.W.,
2004.Seasonal cycles of isoprene concentrations in the Amazonian rainforest. Atmos. Chem. Phys.
Discuss. 4,1291-1310.

[31] Wang F., Wang J.W., Zhuo J., et al. (2021). Emission improvements of reactive VOCS based on
satellite observations and their impact on ozone simulations[J]. China Environmental Science (06),2504-
2514. doi:10.19674/j.cnki.issn1000-6923.2021.0262.

[32] Zhuang L.Y., Chen Y.P, Fan L.Y, et al. (2019). Study on the ozone formation sensitivity in the Pearl
River Delta based on OMI satellite data and MODIS land cover type products[J]. Acta Scientiae
Circumstantiae (11),3581-3592. doi:10.13671/j.hjkxxb.2019.0218.

[33] Xian L., Ge J.T., Xu M., et al. (2018). Remote sensing monitoring of tropospheric HCHO column
concentration and influential factors over pearl river delta, China[J]. China Environmental Science (09),
3221-3231. doi:10.19674/j.cnki.issn1000-6923.2018.0344.

[34] Xiaowei, L., Rui, T, 2015. An Analysis of the Temporal and Spatial Evolutionary Characteristics of
the Number of Domestic Tourists Received by Cities in Jiangsu Province - Based on Spatial
Autocorrelation and Hurst Index Analysis. J. Anhui Agric. Univ. (soc. sci.). 24, 28-34.

[35] Yan S M., Wang Y., Guo W., et al. (2019). Characteristics, Transportation, Pathways, and Potential
Sources of Air Pollution During Autumn and Winter in Taiyuan/J]. Environmental science (11),4801-
4809. doi:10.13227/j.hjkx.201904140.

[36] Yang H., Bai Y.Q., Liu L., et al. (2017). Analysis of air transport channels during pollution process
in He'nan province based on trajectory clustering/J]. Journal of Meteorology and Environment (04),29-
39.

[37] Zhang J., Li A., Xie PH. et al. (2015). Research on the spatial/temporal patterns of NO;
concentration and NOx emissions of Lanzhou by applying satellite data [J]. China Environmental
Science (08), 2291-2297

[38] Zhang X., Jones, D. B., Keller, M., et al. (2019). Quantifying emissions of CO and nosing
observations from Mopitt, omi, TES, and Osiris. Journal of Geophysical Resea rchAtmospheres, 124(2),
1170-1193.

[39] Zhang Y. (2019). Analysis on Spatial-temporal Distribution and Affecting Factors of Tropospheric
NO2 Vertical Column Density in Beijing-Tianjin-Hebei Region[D]. Hebei Normal University.

[40] Zhang Y.J. (2021). A comparative study on the spatial and temporal distribution and influencing
factors of formaldehyde column concentration in Eastern and Western China[D]. Northwest Normal
University.

Published by Francis Academic Press, UK
-53-



	3.1 Data source
	The formaldehyde data in this paper come from the data monitored by the Ozone Monitoring Instrument carried by NASA's AURA satellite. This sensor has the characteristics of high accuracy and wide range. The working principle is to obtain information b...
	Normalized Difference Vegetation Index (NDVI) is a standardized index that reflects plant growth and vegetation coverage. The NDVI used in this paper is MODIS Level 3 product from 2010 to 2021. From NASA (https://code.earthengine.google.com/).It quant...
	The oil and coal data, energy consumption, and electricity consumption used in this paper are from the World Development Bank database. Land cover data from the National Center for Basic Geographic Information (http://wwww.ngcc.cn) include natural and...
	The HYSPLIT (Hybrid Single-Particle Lagrangian Integrated Trajectory model) model used in this paper is a professional model developed by the Air Resources Laboratory of the National Oceanic and Atmospheric Administration (NOAA) of the United States a...
	3.2 Data processing method
	3.2.1 OMI data processing
	In this paper, daily data of troposphere L2-v003HCHO in Argentina from 2010 to 2021 are obtained, and the data is read by HDF-view software. ArcGIS10.2 software was applied to format conversion, kriging interpolation, masking, and calculation of the d...
	3.2.2 Spatial computation method
	In the formula, ,𝑅-𝑥𝑦. represents the correlation coefficient between two variables 𝑥 and 𝑦, 𝑛 is the number of samples, ,𝑥-𝑖 .represents the average value of HCHO column concentration in the year i, and ,𝑦-𝑖. represent the value of water co...
	3.2.3 HYSPLIT model data processing
	This paper used the HYSPLIT model (Yang H.,et al.,2017) to simulate pollution and analyze the source of formaldehyde transport. This method has been widely used at home and abroad to study pollutants' source and transport path (Draxler R.R.,et al.,199...
	𝑝(𝑡 +𝛥𝑡) = 𝑝(𝑡) + 0.5[𝑣(𝑝,𝑡) + 𝑣(𝑝′,𝑡 +𝛥𝑡)]𝛥𝑡                  (2)
	𝑝′(𝑡 +𝛥𝑡) = 𝑝(𝑡) + 𝑣( 𝑝,𝑡)𝛥𝑡                           (3)
	In the formula, 𝑝 is the initial position of the particle; 𝑝′is the first guess position; 𝑣 is wind speed; 𝑡 is the location 𝑝(𝑡 +𝛥𝑡) = 𝑝 time; 𝛥𝑡 is the step length, the change range is (1min~1h), and the movement of the air mass must meet...
	3.2.4 Slope trend analysis
	In this paper, David Freedman's single linear regression trend analysis method was used to fit the variation trend of each formaldehyde column concentration pixel over on a spatial scale (Hovland H.J.,et al.,1977; Li F.S., et al.,2020) studied the int...
	In the formula, ,𝜃-𝑠𝑙𝑜𝑝𝑒. is the slope of the HCHO concentration value in each pixel, n is the cumulative number of years in the study period, 𝑖 is the year, and ,HCHO-𝑖. is the formaldehyde column concentration value in the year i. ,𝜃-𝑠𝑙𝑜...
	3.2.5 Hurst index
	The Hurst index can reflect the future change trend of a time series and is generally calculated using the R/S analysis method (Nan, 2021; Lixia et al., 2020). The trend strength can be judged according to the Hurst index value. When H=0.5, the change...
	4.1 Temporal and spatial characteristics of formaldehyde column concentration and its trend analysis
	4.1.1 Interannual spatial variation of formaldehyde column concentration
	4.1.2 Monthly spatial variation of formaldehyde column concentration
	4.1.3 Trend analysis of formaldehyde column concentration
	4.2 Analysis of influencing factors of formaldehyde column concentration
	4.2.1 Human activity factor
	4.2.2 Vegetation factor
	4.2.3 Climatic factor

