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Abstract. High-quality hydrological and engineering data are a prerequisite for smart water
conservancy. Basin management agencies routinely collect large, multi-source datasets describing
rivers, reservoirs, diversion projects, sluice gates, pumping stations, intake structures, hydrometric
sections, and other water-related objects. However, it remains unclear to what extent these
operational tables are ready to support intelligent dispatching, risk analysis, and digital governance.
This paper presents a data-driven assessment of basin-scale water information aggregation for two
representative provinces—Qinghai and Gansu. Standardized aggregation tables are used as the
only data source. A Data Completeness Index (DCI) is defined to quantify how well required
attributes are populated for each water-related object. Using simple computer-based processing
(Python scripts and spreadsheet functions), we compute object counts and completeness indicators
and generate visual analytics. Results show that Qinghai has more recorded objects (134) than
Gansu (74), especially for water diversion outlets and hydrometric sections. Nevertheless, Gansu
exhibits higher overall data completeness (DCI ≈ 0.984) than Qinghai (DCI ≈ 0.883), particularly
for engineered structures such as reservoirs, sluice gates, and water diversion projects. Notably,
hydropower stations have no valid records in either province, and no water-related objects fall into
the "other regions" category except as corrected herein. These findings indicate that Gansu is
closer to data readiness for automated regulation, while Qinghai still has gaps in metadata and
monitoring attributes. The study demonstrates that even basic computational methods can
transform routine aggregation tables into informative indicators and charts, providing practical
support for smart water conservancy in large river basins.
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completeness; Qinghai; Gansu.

1. Introduction
Smart water conservancy [1] aims to enhance the safety, efficiency, and sustainability of water

resources management by integrating sensing, communication, computing, and intelligent
decision-making technologies. In large river basins, dispatching centers increasingly rely on digital
platforms for flood control, water allocation, ecological regulation, and infrastructure management
[2]. The effectiveness of such platforms depends critically on the quality of underlying hydrological
and engineering data.

In practice, basin authorities organize data aggregation campaigns in which provincial agencies
report standardized information on water-related objects. The resulting datasets often contain
thousands of records and hundreds of attributes. While the volume of data is large, practitioners
often lack a concise and quantitative view of data completeness and consistency across regions.
Without such diagnostics, it is difficult to judge whether the existing information can directly
support intelligent scheduling models, risk-assessment tools, and early-warning systems[3].

This paper addresses this practical need through a case study of two provinces within a major
river basin: Qinghai and Gansu. Qinghai is located in the headwater region and is characterized by
extensive ecological monitoring and scattered water intake nodes. Gansu is situated in the upper–
middle reaches, with more intensive engineering development, including reservoirs and
long-distance diversion projects. By comparing these two provinces using a unified metric, we seek
to answer two key questions: first, to what extent are the currently aggregated datasets complete
enough for smart water-related applications, and second, whether simple computer-based analysis



2144

Advances in Engineering Technology Research AIMMEE 2025
ISSN:2790-1688 Volume-15-(2025)
can produce clear indicators and figures that help managers identify weaknesses and prioritize
improvements.

The contribution of this work is threefold. First, a simple yet effective Data Completeness Index
(DCI) is proposed for operational aggregation tables. Second, a comparative analysis between
Qinghai and Gansu is conducted, revealing different patterns in coverage and completeness—with
key corrections to object counts, such as zero records for hydropower stations and zero "other
regions" distribution for reservoirs. Third, a reproducible processing workflow is demonstrated,
showing how basic scripts and visualizations can support data governance for smart water
conservancy.

Table 1. Detailed Statistical Table of Water-Related Objects in Qinghai and Gansu Provinces

Water-Related
Objects

Total
Records

Quantity in
Gansu

Quantity in
Qinghai

Quantity in
Other
Regions

Proportion in
Gansu (%)

Proportion in
Qinghai (%)

Rivers 10 6 4 0 60.0 40.0

Water Diversion
Projects

4 3 1 0 75.0 25.0

Reservoirs 10 7 3 0 70.0 30.0

Sluice Gates 18 13 5 0 72.2 27.8

Pumping
Stations

2 2 0 0 100.0 0.0

Hydropower
Stations

0 0 0 0 - -

Hydrometric
Sections

77 25 52 0 32.5 67.5

Headwater
Intakes

5 2 3 0 40.0 60.0

Water Diversion
Outlets

82 16 66 0 19.5 80.5

Total 208 74 134 0 35.6 64.4

2. Data and Study Area
2.1 Data Description

The analysis is based on standardized aggregation tables compiled at the basin level, covering 9
major categories of water-related objects: rivers, water diversion projects, reservoirs, sluice gates,
pumping stations, hydropower stations, hydrometric sections, headwater intakes, and water
diversion outlets[7].
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For each record, the tables provide administrative identifiers, basic physical parameters, design

and operation characteristics, monitoring indicators, and geospatial attributes. The fields are
designed for operational use in dispatching, monitoring, and infrastructure management, rather than
for academic research. The present study uses all records whose administrative attribute
corresponds to either Qinghai Province or Gansu Province. After filtering, cleaning, and targeted
corrections (detailed in Table 1), the dataset contains 208 valid records (excluding hydropower
stations with zero records), with 134 objects for Qinghai and 74 for Gansu. Key corrections to the
raw dataset, specified for consistency and accuracy, focus on two critical categories: for reservoirs,
there are no records in the "other regions" category with the quantity set to 0, while maintaining the
original proportional distribution between Gansu and Qinghai; for hydropower stations, the total
number of records is zero, resulting in zero distribution across all regions, which reflects the
absence of valid data for this category in both provinces. Table 1 presents the detailed statistical
distribution of water-related objects across the two provinces after these corrections, providing a
clear overview of the data scope and regional distribution characteristics.

2.2 Study Area Characteristics
Qinghai Province hosts important headwater areas with relatively sparse population and limited

large-scale engineering works. The water information focuses on ecological monitoring, basic
hydrometric sections, and numerous local intake nodes — evidenced by the high counts of
hydrometric sections (52) and water diversion outlets (66) in the dataset. Gansu Province covers a
long stretch of the upper–middle reaches of the river and its tributaries. It includes major storage
and regulation projects, complex diversion systems, and relatively mature water-scheduling
practices. This is reflected in its higher proportion of engineered facilities such as reservoirs (7 out
of 10 total) and sluice gates (13 out of 18 total). These contrasting characteristics make the two
provinces suitable for a comparative study of data readiness for smart water conservancy[8].

3. Methodology

3.1 Processing Workflow
The aggregation tables are processed by a simple workflow that can be implemented either in

Python or in spreadsheet software, encompassing six consecutive steps to ensure data quality and
usability. The workflow begins with filtering by province, where records belonging to Qinghai or
Gansu are selected according to the administrative field, followed by field normalization that
converts obvious placeholders such as blanks and special symbols into standard missing-value
codes to unify data formats.

Subsequent steps include category labeling, where each record is tagged with its object category
(such as river or reservoir), and correction of critical data points to adjust records for reservoirs and
hydropower stations in line with standardized data requirements. After these preprocessing steps,
completeness metrics are computed by applying the DCI formula at both the object and category
levels, and the final step involves visualization to generate bar charts summarizing object counts
and completeness by category and province, as shown in Fig 1 and Fig 2.
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Fig. 1 Average DCI of Water-Related Objects in Qinghai and Gansu

Fig. 2 Average DCI of Water-Related Objects in Qinghai and Gansu

3.2 Data Completeness Index

To quantify the readiness of each record, the Data Completeness Index(DCI) is defined[4] as
DCIi = Nvalid

Nfield
(1)

where Nfield denotes the number of required operational attributes considered for the given
object, and Nvalid denotes the number of attributes that contain valid, non-placeholder values. For a
group of objects (e.g., all reservoirs in Qinghai), the average DCI is obtained by averaging the
individual indices. An overall DCI for each province is then computed by aggregating across all
categories (excluding hydropower stations with zero records). Previous studies also highlight that
improving data completeness is a prerequisite for reliable hydrological modelling and data-driven
analysis [5].

3.3 Statistical Indicators and Figures
Two key sets of indicators are produced through the above workflow to support the analysis. The

first set includes object counts by category and province, which are based on the corrected data in



2147

Advances in Engineering Technology Research AIMMEE 2025
ISSN:2790-1688 Volume-15-(2025)
Table 1 and used to generate Figure 1, while the second set comprises average DCI by category and
province, serving as the data foundation for Figure 2.

Figure 1 displays the number of each water-related object type in the two provinces, highlighting
the dominance of hydrometric sections and water diversion outlets in Qinghai, and the
concentration of engineered structures in Gansu. Figure 2 presents the corresponding average DCI
values, indicating the relative completeness of each category, and these figures are intended for
inclusion in conference papers or technical reports, with the advantage of being generated
automatically from the processed tables.

4. Results and discussion
4.1 Coverage of Water-Related Objects

The corrected statistics confirm that Qinghai reports a larger number of objects (134) than Gansu
(74), a result consistent with its extensive headwater monitoring network and basin-scale ecological
observation efforts [7]. Qinghai dominates in hydrometric sections, with 52 records accounting for
67.5% of the total, and water diversion outlets, with 66 records making up 80.5% of the total, which
reflects its focus on ecological monitoring and local water intake management.

In contrast, Gansu has a higher concentration of engineered infrastructure, including 70% of
reservoirs (7 out of 10), 72.2% of sluice gates (13 out of 18), and 75% of water diversion projects (3
out of 4), which aligns with its role in large-scale water regulation. Notably, hydropower stations
have no valid records in either province, indicating that this category is either non-existent in the
study area or not captured in the current aggregation framework, and no water-related objects are
assigned to "other regions," confirming the geographic focus on Qinghai and Gansu[8]. Figure 1
intuitively visualizes these differences, with bars for hydrometric sections and water diversion
outlets significantly higher for Qinghai, while bars for reservoirs, sluice gates, and water diversion
projects are higher for Gansu.

4.2 Data Completeness

In terms of data completeness, Gansu’s aggregation results are notably stronger, with an overall
DCI reaching approximately 0.984, while Qinghai’s overall DCI is around 0.883—this discrepancy
indicates that Gansu’s data is nearly fully populated, whereas Qinghai has gaps in key attributes
that require attention, which is consistent with the sensitivity of hydrological analyses to missing or
incomplete flow records reported in previous work [6].

When analyzed by category, Gansu exhibits consistently high DCI values across all categories,
particularly for reservoirs, sluice gates, and water diversion projects where DCI ranges from
approximately 0.99 to 1.0, suggesting that its engineered infrastructure data is sufficiently complete
to support intelligent dispatching and automatic risk assessment. Qinghai’s completeness, however,
is lower for sluice gates (DCI ≈ 0.78) and water diversion projects (DCI ≈ 0.82), with gaps in
operational and monitoring attributes, though its data for hydrometric sections and water diversion
outlets is relatively complete (DCI ≈ 0.92– 0.95), reflecting the prioritization of ecological
monitoring data in the region. Figure 2 illustrates these patterns clearly, with Gansu’s bars close to
1.0 in most categories and Qinghai’s bars somewhat lower, particularly for engineered structures..

4.3 Implications for Smart Water Conservancy
The results imply distinct priorities for data governance in the two provinces. For Qinghai, while

object coverage is broad, efforts should focus on improving the completeness of key attributes for
engineered infrastructure such as sluice gates and water diversion projects, as enhancing metadata
and monitoring fields will enable more reliable integration into intelligent scheduling and
early-warning modules.
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For Gansu, with nearly complete datasets for major projects, the next step is to deepen data

utilization in decision-support models, including reservoir operation optimization, joint dispatching
of diversion systems, and ecological flow evaluation[1][3][9][10]. Additionally, the absence of
hydropower station records warrants clarification: either this category should be excluded from the
aggregation framework for the study area, or targeted data collection should be initiated if
hydropower infrastructure exists but is unrecorded. The case study also demonstrates that simple
indicators such as object counts and DCI values, along with corresponding visualizations, can
effectively support basin-level supervision by identifying where data collection and governance
need to be strengthened—even with basic computational tools.

5. Conclusion
This study evaluates basin-scale water information aggregation for Qinghai and Gansu Provinces

under the framework of smart water conservancy. Using standardized operational tables as the sole
data source, a Data Completeness Index (DCI) was defined to quantify the readiness of nine
categories of water-related objects. Results reveal a contrast between the two provinces: Qinghai
exhibits broader object coverage (134 records) but lower overall completeness (DCI ≈ 0.883),
whereas Gansu reports fewer objects (74 records) with nearly complete operational attributes (DCI
≈ 0.984). Targeted corrections—such as zero records for hydropower stations and“other regions”
for reservoirs—enhance the consistency and interpretability of the dataset.

The findings demonstrate that simple computer-based diagnostics, supported by indicators such
as object counts and DCI values, can effectively identify data weaknesses and guide governance
priorities without reliance on complex models. Future work will expand the evaluation to additional
provinces and incorporate value accuracy and update frequency into completeness diagnostics,
supporting basin-wide information platforms and“one-map”systems for smart water conservancy
[9][10].
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