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Abstract. This paper provides new ideas and methods for resource and environ-
mental auditing for the construction of ecological civilization and beautiful Hebei
in Hebei Province, and helps the coordinated governance of the ecological envi-
ronment in the Beijing-Tianjin-Hebei region and the green development of
Xiong'an New Area. Taking advantage of the green resource and environmental
service of geological exploration units, innovative research-based auditing meth-
ods are used to conduct ecological sensitivity analysis of Hebei Province using
GIS spatial data processing technology. According to the analysis results, eco-
logical and environmental projects can be selected in a targeted manner to carry
out resource and environmental audits. On the basis of supervising and reviewing
the implementation effects of environmental protection projects, environmental
impact assessments can be conducted on the ecological and environmental resto-
ration, the effects of environmental protection measures, and the risks involved.
Guided by the results of environmental audits, valuable decision-making sugges-
tions, feasible paths for environmental improvement, and related response
measures can be provided to relevant departments, which is of great significance
for promoting the rational development and utilization of resources in Hebei
Province, reducing environmental damage, improving the ecological environ-
ment, and achieving green development.
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Hebei Province is located in the North China Plain. It is the only province in the country
that has grasslands, seashores, deserts, lakes, plateaus, plains, mountains, and forests.
It is known as the concentrated "National Geographic Reader"!'. The climate belongs
to the temperate continental monsoon climate, with four distinct seasons but significant
differences between the north and the south. As a province rich in mineral resources
and an important energy and mineral base in the country, Hebei Province has discov-
ered 159 kinds of minerals, and its advantages in coal, iron, gold, molybdenum, and
limestone for cement are relatively competitive. However, due to the lack of systematic
and effective management in the early stage, the long development and utilization time,
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and the high development intensity, while supporting regional development, it also
brings high-intensity ecological and environmental pressure.

As an ecological barrier for the coordinated development of Beijing, Tianjin and
Hebei, Hebei Province undertakes multiple tasks such as water conservation in the cap-
ital, sandstorm source control, and regional environmental quality improvement. In re-
cent years, the province has continued to carry out projects such as ecological restora-
tion of historical mines and ecological restoration of Baiyangdian Lake with Beijing,
Tianjin and Hebei and key mining areas as the core, with remarkable results and con-
tinuous improvement in ecological environment quality.

Based on the protection and improvement of the ecological environment in Hebei
Province, the over-exploitation and abuse of natural resources are reduced, and the de-
terioration of the ecological environment is avoided. GIS spatial data processing tech-
nology is used to synthesize and superimpose multi-source data layers of different eco-
logical environment evaluation factors, draw an ecological sensitivity analysis map of
Hebei Province, and scientifically predict potential environmental risks, which is help-
ful to take management measures in advance for prevention.

2 Analysis of Ecological Sensitivity in Hebei Province

Based on the green transformation, ecological environment protection and improve-
ment of Hebei Province, reducing the over-exploitation and abuse of natural resources
and avoiding the deterioration of the ecological environment, firstly, the ecological en-
vironment sensitivity evaluation factors were selected based on the relevant ecological
environment regulations and literature research>>)(Table 1); secondly, the AHP
method was used to construct a judgment matrix according to the expert scoring
method, the weight value of the sensitivity evaluation factor was determined, and the
ecological sensitivity evaluation index system of Hebei Province was established (Ta-
ble 2). Then, GIS spatial data processing technology was used to synthesize and super-
impose multi-source data layers of different ecological environment evaluation factors.
On this basis, the ecological sensitivity analysis map of Hebei Province was drawn,
which is helpful to scientifically predict potential environmental risks and take man-
agement measures in advance to prevent them.

Table 1. Evaluation factor data source

Evaluation factors Data Source

Administrative area map National Geographic Information Public Service Platform

Digital Elevation Model Computer Network Information Center of Chinese Academy of Sciences

slope Computer Network Information Center of Chinese Academy of Sciences

Aspect Computer Network Information Center of Chinese Academy of Sciences

Water buffer Computer Network Information Center of Chinese Academy of Sciences

Vegetation index Resource and Environmental Science Data Platform of Chinese Academy of Sciences
Land-use type Resource and Environmental Science Data Platform of Chinese Academy of Sciences

Average precipitation Resource and Environmental Science Data Platform of Chinese Academy of Sciences
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Elevation Ecological Sensitivity of
Hebei Province
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Slope ecological sensitivity in Hebei Province
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Ecological sensitivity of water buffer zones in
Hebei Province
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Ecological sensitivity of land use types in
Hebei Province
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Fig. 1. Composite overlay of multi-source data layers

Table 2. Ecological sensitivity evaluation index system of Langfang City

Evaluation Insensitive Mildly sensi- Moderately sensi- Highly sensi- Extremely sensi-
Wi
Factor (1) tive(2) tive(3) tive(4) tive(5)
<50m 50-200m
200-500m 500-1400m >1400m
Elevation Lake deposits, piedmont impact 0.0491
Hills mountain Bashang Plateau
coastal plains plain
<8° 8-15° 15-25° 25-45° >45°
slope 0.1112
Gentle gentle slope medium slope heavy slope steep slope
Aspect flatland Southeast East Northeast North 0.0266
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south Southwest West Northwest 0°-22.5°
-1°-0° 112.5°-157.5° 67.5°-112.5° 22.5°-67.5° 337.5°-360°
157.5°-202.5° 202.5°-247.5° 247.5°-292.5° 292.5°-337.5°
<50m
Water >800m 500-800m 200-500m 50-200m
buffer 0.1112
buffer buffer distance buffer distance buffer distance buffer distance
distance
Vegetation
<0.2 0.2-0.4 0.4-0.6 0.6-0.8 >0.8 0.2459
index
Special land such
Land-use Urban, rural and as factories, mines, Cultivated land, Water bodies,
Woodland 0.3448
type unused land large industrial ar- grassland wetlands, oceans
eas, quarries, etc.
Average
<400mm 400-500mm 500-600mm 600-800mm >800mm
precipita- 0.1112
Semi-arid area Semi-humid area Semi-humid area Semi-humid area Wet area

tion

Ecological Sensitivity of Hebei Province
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Fig. 2. Ecological sensitivity analysis map of Hebei Province

Based on the relevant ecological environment regulations and literature research, the
geographic information system (ArcGIS) was used to select seven ecological evalua-
tion factors (Figures 1), including elevation, slope, aspect, water buffer zone, vegetation
index, land use remote sensing monitoring and multi-year average precipitation. After
single-factor ecological sensitivity analysis was performed on each of them, the AHP
method was used for weighted superposition of spatial layers, and finally a multi-factor
ecological sensitivity analysis map of Hebei Province was obtained (Figure 2). We can
draw the following conclusions:

The results of ArcGIS analysis show that the ecological sensitivity of Hebei Province
is between [1.2224, 4.5641], and the ecological sensitivity of most regions is moderate
or below, but the differences in ecological sensitivity are quite significant. The
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ecological environment sensitivity of the central and southern plains of Hebei Province
is relatively low, with a large number of insensitive areas and medium and low sensitive
areas distributed, and highly sensitive areas and extremely sensitive areas scattered in
the Baiyangdian area of Xiong'an New Area and the river and lake water system areas
of the Hebei Plain; the ecological sensitivity of the mountainous areas in northern and
eastern Hebei, the Yanshan Mountains around Beijing and Tianjin, and the Taihang
Mountains in western Hebei Province are relatively high, and highly sensitive and ex-
tremely sensitive areas are concentrated in large areas. From the ecological sensitivity
analysis map, it can be found that the mountainous areas and waters of Hebei Province
where the ecological environment around Beijing and Tianjin is coordinated, the
Zhangchengba Shanglin area in northern Hebei, and the Taihang Mountains in western
Hebei are areas that need to be focused on in resource and environmental audits.

The land use type (CNLUCC) and vegetation index (NDVI) exhibit intrinsic corre-
lations and hold the highest combined weight (59.07%) among the seven evaluation
factors for ecological sensitivity in Hebei Province. This indicates a significant positive
correlation between land use types, vegetation coverage, and ecological sensitivity.
Once vegetation in natural ecosystems such as mountains, waters, forests, farmlands,
lakes, and grasslands is damaged, biodiversity loss will occur, potentially triggering
severe ecological issues. In contrast, slope aspect and elevation demonstrate the lowest
weights (2.66% and 4.91% respectively), primarily due to topographic influences.
Compared to southern regions dominated by mountains and hills, these terrain factors
show less pronounced impacts on ecological sensitivity in the predominantly plain-
covered northern areas, a distinction determined by the natural geographic characteris-
tics differentiating China"s northern and southern regions.

3 Conclusions

The ecological sensitivity analysis of Hebei Province plays a pivotal role in addressing
the information asymmetry between "audit blind spots" and "environmental perfor-
mance," offering critical support for environmental auditing. By leveraging this analy-
sis, auditors can precisely identify ecologically sensitive areas and potential environ-
mental issues, thereby determining audit priorities and enabling more targeted audit
efforts. Furthermore, it provides a scientific and objective basis for evaluating environ-
mental impacts and risks, complemented by robust informational support. This ap-
proach enhances audit efficiency, mitigates audit risks, and facilitates environmental
conservation and the achievement of ecological improvement goals. Ultimately, it
strengthens the scientific foundation of audit decision-making and promotes the sys-
tematic implementation of ecological protection measures.

Acknowledgement

This research is supported by the Hebei Provincial Audit Department's key pro-
ject(SJIA202413).



Research on the Application of Data Visualization Analysis ... 327

References

1. CCTV.com,2023. The most comprehensive topography! Go to Hebei and read the con-
densed “National Geographic Reader” https://baijia-
hao.baidu.com/s?id=1765765023276616441&wfr=spider&for=pc.

2. Wei, C.J., & Meng, J. J. (2022) Evaluation and spatial pattern analysis of ecological sensi-
tivity of land resources in China. Journal of Peking University (Natural Science Edition),
58(01): 157-168. DOI:10.13209/j.0479-8023.2021.091.

3. Yang, Y. Y., & Yang, C. J. (2022) Analysis on ecological environment sensitivity of
Dongchuan District based on GIS. Bulletin of Graphics, (03): 7-12. DOI:10.13474/j.cnki.11-
2246.2022.0068.

4. Zhang, G. C., Wang, J., & Liu, D. W, et al. (2020) Analysis and evaluation of ecological
sensitivity of the middle reaches of the Syr Darya River based on GIS. Arid Land Research,
37(02): 506-513. DOI:10.13866/j.azr.2020.02.27.

5. Suyoung Jung, Kwangsoo Lee, Jeongeun Song, Sunghee Hong, Wooyong Kim, Heesan
Khang and Yeongmo Son. (2024). Development of Empirical Stand Yield Table by Using
Weibull Diameter Distribution Model for Chamaecyparis obtusa Forests. Journal of Envi-
ronmental Science International, 33(12), 873-881. DOI:10.5322/JES1.2024.33.12.873.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	Research on the Application of Data Visualization Analysis Model Based on GIS in Resource and Environmental Audit



