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Abstract
Both Φ20 cm and E601 evaporation pans are used in Xinjiang, but the two data
series have been incomplete since the beginning of observations, particularly
after 2003 when data were not integrated and corrected, which has limited
the use and in-depth analysis of evaporation pan data. Based on the concurrent
observation period data of Φ20 cm (E20) and E601 evaporation pan evaporation
(E601), this study selected 57 meteorological stations in Xinjiang to analyze the
conversion coefficient K between E20 and E601 during April to October. Taking
Kashgar (in Southern Xinjiang) and Tacheng stations (in Northern Xinjiang)
with longer data series as examples, the variation of K at daily and monthly
scales was analyzed, and the monthly K values were used to estimate E20 for
the two typical stations from April 1 to September 30 during 2003–2016, thereby
obtaining a complete daily E20 series for 1961–2016. Furthermore, the spectral
characteristics and periodic variations of E20 at monthly and annual scales were
analyzed based on the complex Morlet wavelet function. The results indicate
that: (1) The conversion coefficient between E20 and E601 in Xinjiang shows
substantial spatial variation during April–October, with K values in Southern
Xinjiang being larger than those in Northern Xinjiang. (2) The infilled complete
daily E20 series during 1961–2016 at Kashgar and Tacheng stations exhibit
typical annual periodic variations, monthly E20 peaks in July, and annual E20
shows a significant increasing trend; E20 at Kashgar station is higher than that
at Tacheng station at daily, monthly, and annual scales. (3) The primary and
quasi-periods of E20 from January to December at the two stations fluctuate
with periods of 2–16 years, the primary period of annual E20 is 7 years for both
stations, the quasi-periods are 3 and 6 years for Kashgar station, and 2 and 4
years for Tacheng station. This study can provide a reference for the infilling
and further application of evaporation series in Xinjiang.
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Full Text
Abstract
The 20-cm-diameter and E601 type evaporation pans have been used in Xinjiang,
China, but these two kinds of data sequences so far are incomplete since the
start of observation. Especially since 2003, the data have not been integrated
and corrected, which has restricted the use of pan evaporation data and their
further analysis. Based on the co-observation data of 20-cm-diameter (E20) and
E601 pan evaporation (E601) from 57 meteorological stations in Xinjiang, this
study analyzed the conversion coefficient K between E20 and E601 from April
to October. Taking Kashgar (in southern Xinjiang) and Tacheng stations (in
northern Xinjiang)—both with relatively long data sequences and representative
—as examples, the changes of K at daily and monthly time scales were analyzed
and later used to estimate E20 values for the period from April 1 to September
30 spanning 14 years (from 2003 to 2016). Therefore, the complete daily E20
data sequences for Kashgar and Tacheng over the period from 1961 to 2016
were obtained and could be further used in spectral characteristics and periodic
change analysis using the complex Morlet wavelet function. The results showed
as follows: (1) The conversion coefficient of E20 and E601 in the Xinjiang region
had significant spatial differences from April to October, and K values were
larger in southern Xinjiang than those in northern Xinjiang. (2) The complete
daily E20 data series during the period from 1961 to 2016 at Kashgar and
Tacheng stations had typical periodical changes on a yearly basis. The monthly
E20 was the largest in July, and the annual E20 had an obvious increasing
trend. Daily, monthly, and annual E20 values in Kashgar were all larger than
those in Tacheng. (3) The main period and quasi-period of E20 ranged within
2–16 years from January to December, and the main period was 7 years for
both stations. The quasi-periods at Kashgar station were 2 and 4 years, but
at Tacheng station they were 3 and 6 years, respectively. This research could
provide useful references for the interpolation and further application of pan
evaporation in Xinjiang.

Keywords: pan evaporation; conversion factors; wavelet analysis; Xinjiang

1. Introduction
Evaporation is a critical component of the hydrological cycle and energy balance.
In China, both the 20-cm diameter pan (E20) and the E601 type pan have been
used for evaporation observations. However, the data sequences from these two
types of pans are often incomplete, particularly since 2003 when data integra-
tion and correction procedures were not systematically implemented. This has
significantly restricted the application of pan evaporation data for long-term
trend analysis and hydrological modeling.

Previous studies have investigated evaporation trends across China for the pe-
riod 1960–2000 using Φ20 cm pans, revealing significant spatial and temporal
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variability [1, 13]. Other research has focused on the period 1960–2005, analyz-
ing changing trends and their potential causes [14, 15]. However, few studies
have addressed the systematic conversion between E20 and E601 data or recon-
structed complete data series for Xinjiang, a region characterized by complex
topography and climate gradients.

This study aims to: (1) establish a robust conversion coefficient K between E20
and E601 pan evaporation data for Xinjiang; (2) reconstruct complete daily E20
data series for representative stations; and (3) analyze the periodic characteris-
tics of evaporation using wavelet analysis.

2. Data and Methods
2.1 Study Area and Data

Xinjiang Uygur Autonomous Region, located in northwestern China between
85.8°–94.7°E and 36.9°–44.3°N, encompasses a diverse range of elevations from
30 to 3095 m. The region experiences mean annual temperatures of 0.7–14.5°C,
wind speeds of 0.8–4.0 m・s�¹, relative humidity of 39.4%–67.4%, and sunshine
duration of 7.1–9.1 hours [24].

We selected 57 meteorological stations across Xinjiang with co-located E20 and
E601 measurements during the period April–October. Among these stations,
Kashgar in southern Xinjiang and Tacheng in northern Xinjiang were chosen as
representative examples due to their relatively long and complete data records
spanning 1961–2016.

2.2 Conversion Coefficient K

The conversion coefficient K between E20 and E601 was calculated as:

𝐾 = 𝐸20
𝐸601

where E20 represents evaporation measured by the 20-cm diameter pan and
E601 represents evaporation measured by the E601 pan. This coefficient was
computed for each station for the period April–October. Using ArcGIS 10.2, we
performed spatial interpolation to generate regional maps of K values.

The correlation between E20 and E601 was analyzed using linear regression.
The coefficient of determination (R²) ranged from 0.66 to 0.85 across stations,
with the representative stations showing R² values up to 0.934, indicating strong
linear relationships suitable for data conversion.

2.3 Wavelet Analysis

To investigate the periodic characteristics of evaporation, we employed the com-
plex Morlet wavelet function. This method is particularly effective for identi-
fying both main periods and quasi-periods in hydrometeorological time series.
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The wavelet analysis was applied to the reconstructed daily E20 data series from
1961 to 2016 for both Kashgar and Tacheng stations.

3. Results
3.1 Spatial Distribution of Conversion Coefficient K

Figure 3 shows the spatial distribution of the conversion coefficient K across
Xinjiang. The results reveal significant spatial differences, with K values notably
larger in southern Xinjiang compared to northern Xinjiang. This pattern reflects
regional differences in climatic conditions, particularly temperature, humidity,
and wind regime, which affect pan evaporation differently.

3.2 Temporal Variations of E20

The reconstructed daily E20 data series for Kashgar and Tacheng from 1961 to
2016 exhibit typical periodic changes on an annual basis. Monthly E20 values
peak in July for both stations, coinciding with maximum solar radiation and
temperature. The annual E20 shows an obvious increasing trend over the study
period, consistent with regional warming.

Daily, monthly, and annual E20 values in Kashgar are consistently larger than
those in Tacheng, reflecting the warmer and drier climate of southern Xinjiang
compared to the more temperate conditions in the north.

3.3 Periodic Characteristics

Wavelet analysis reveals that the main period and quasi-period of E20 range
within 2–16 years throughout the year. The main period is 7 years for both
Kashgar and Tacheng stations. However, the quasi-periods differ between sta-
tions: Kashgar shows quasi-periods of 2 and 4 years, while Tacheng exhibits
quasi-periods of 3 and 6 years. These periodicities likely reflect regional climate
oscillations and large-scale atmospheric circulation patterns.

4. Conclusion
This study successfully developed a conversion coefficient K between E20 and
E601 pan evaporation data for Xinjiang, reconstructed complete daily E20 data
series for representative stations, and identified characteristic periodicities in
evaporation using wavelet analysis. The findings provide a methodological
framework for data interpolation and offer insights into the temporal dynamics
of evaporation in this arid region. The reconstructed data and identified pe-
riodicities can support improved water resource management and hydrological
modeling in Xinjiang.
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