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Abstract

:

Temperature and precipitation are crucial indicators for investigating climate changes, necessitating precise measurements for rigorous scientific inquiry. While the Fifth Generation of European Centre for Medium-Range Weather Forecasts Atmospheric Reanalysis (ERA5), ERA5 of the Land Surface (ERA5-Land), and China Meteorological Forcing Dataset (CMFD) temperature and precipitation products are widely used worldwide, their suitability for the Altay region of arid and semi-arid areas has received limited attention. Here, we used the Altay region as the study area, utilizing meteorological station data and implementing the residual revision method for temperature and the coefficient revision method for precipitation to rectify inaccuracies in monthly temperature and precipitation records from ERA5-Land, ERA5, and CMFD. We evaluate the accuracy of these datasets before and after correction using bias, Taylor diagrams, and root-mean-square error (RMSE) metrics. Additionally, we employ Tropical Rainfall Measuring Mission satellite precipitation data (TRMM) as a benchmark to assess the performance of ERA5-Land, ERA5, and CMFD monthly precipitation before and after correction. The results revealed significant differences in the temperature and precipitation capture capabilities of ERA5-Land, ERA5, and CMFD in the Altay region. Overall, these data exhibit substantial errors and are not directly suitable for scientific research. However, we applied residual and coefficient revision methods. After this revision, ERA5-Land, ERA5, and CMFD showed significantly improved temperature and precipitation capture capabilities, especially for ERA5-Land. In terms of temperature, post-revision-CMFD (CMFDPR) demonstrated better temperature capture capabilities. All three datasets showed weaker performance in mountainous regions compared to plains. Notably, post-revision-ERA5 (ERA5PR) seemed unsuitable for capturing temperature in the Altay region. Concerning rain, CMFDPR, post-revision-ERA5-Land (ERA5-LandPR) and ERA5PR outperformed TRMM in capturing precipitation. CMFDPR and ERA5-LandPR both outperform ERA5PR. In summary, the revision datasets effectively compensated for the sparse distribution of meteorological stations in the Altay region, providing reliable data support for studying climate change in arid and semi-arid areas.
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1. Introduction


Temperature and precipitation are essential components of the hydrothermal cycle, contributing significantly to matter and energy exchange [1]. The Intergovernmental Panel on Climate Change (IPCC) reported a significant increase in global surface temperature since the preindustrial period of 1850–1900, and the last few decades have been successively warmer than any earlier decade since 1850 [2]. Studies suggest that extreme weather event waves of heat and cold, floods, landslides, droughts and others caused by changes in temperature and precipitation have significant implications for human society and ecological environment [3,4,5].



The Altay region is characterized by vast geographical expanse, encompassing diverse terrains such as high mountains, hills, rivers, lakes, deserts, and Gobi. The complex topography of this region leads to pronounced spatial variations in climate. Precipitation in the lower altitudes ranges from 200 to 300 mm, while the high-altitude mountainous areas receive over 600 mm of rainfall [6]. Precipitation increases with elevation, while temperatures decrease, resulting in significant vertical gradient changes. As global climate change continues to intensify, the Altay region situated in northwest China has been significantly impacted, resulting in numerous studies on its climate change [7,8,9,10]. However, the meteorological data used in these studies were derived from sparsely distributed and unevenly spaced meteorological stations within the region. Although the number of automatic stations in the region has gradually increased in recent years, their time series are still relatively short, while the national meteorological stations, which have longer time series, are few and discontinuous due to relocation. Moreover, most of the meteorological stations are in plain areas, where temperatures are generally higher and precipitation is lower than in mountainous regions. This leads to an overestimation of temperature and an underestimation of precipitation when the meteorological data are averaged across stations. These issues create significant uncertainties in climate change studies.



Reanalysis products, characterized by their extensive spatial coverage and long time series, have gained popularity in climate change studies due to their ability to fully compensate for the lack of meteorological observation stations [11,12,13,14]. Nevertheless, caution must be exercised when utilizing reanalysis data, such as Fifth Generation of European Centre for Medium-Range Weather Forecasts Atmospheric Reanalysis (ERA5) and ERA5 of the Land Surface (ERA5-Land), as biases may exist between these datasets and observational data. In particular, in regions with complex terrain, the assimilation models used in reanalysis data have been known to yield significant errors due to the limited consideration of the impact of complex terrain on temperature and precipitation [15]. Additionally, calibration of the reanalysis assimilation models may not be supported by sufficient observational data in such regions, resulting in high uncertainty in reanalysis meteorological data. Previous studies have demonstrated that the ERA5-Land temperature product is substantially underestimated in mountainous areas, while the ERA5-Land precipitation product is considerably overestimated in comparison to weather station observations [16]. Hence, assessing the accuracy of reanalysed temperature and precipitation data in complex terrain areas is critical for regional climate change. The variability in the spatial data of reanalysis necessitates a revision of the data in areas where substantial errors exist prior to utilization [16,17,18]. Past research has demonstrated significant improvement in the performance of revised data in comparison to prerevision periods [19,20]. For the Altay region, which is characterized by complex and diverse terrain, as well as sparse spatial distribution of meteorological stations, how does reanalysis data perform in this area? Is there a need for error correction before using this data? Currently, limited research has been conducted on this topic thus far.



This study aims to (1) evaluate the accuracy of the ERA5-Land, ERA5, and China Meteorological Forcing Dataset (CMFD) monthly temperature and precipitation data for the Altay region, (2) correct errors in the ERA5-Land, ERA5 and CMFD monthly temperature and precipitation data, and (3) assess the accuracy of the corrected data. The study will provide accurate temperature and precipitation data for future climate change studies in the Altay region. It will also serve as a reference for regional adaptation assessment and error correction for other grid data products.




2. Materials and Methods


2.1. Study Area


The Altay region is situated in the arid and semi-arid region of northwestern China, covering a total area of approximately 118,000 km2, which borders Kazakhstan, Russia, and Mongolia. The terrain is low in the west and south and high in the east and north, creating a complex landscape (Figure 1). As the area is far from the sea, this region experiences a medium temperate continental arid and semi-arid climate with shorter, cooler summers and severely cold winters, with a mean annual temperature ranging from 0.7 °C to 4.9 °C [21]. Precipitation is mainly caused by the forced uplift of Atlantic water vapour carried by the westerly circulation; the annual precipitation ranges from 200 to 600 mm [6,22]. Moreover, Altay serves as a crucial ecological barrier in Xinjiang and even across Central Asia. However, with the intensification of global changes and human activities, the ecological risks in this region have increased, rendering the environment increasingly fragile [23]. Currently, the spatial distribution of meteorological stations in Altay is sparse and uneven, with most of them distributed in low-elevation areas and fewer in mountainous areas. In addition, the time series data from automatic meteorological stations are relatively short, and there are limited data from national meteorological stations, making it insufficient to meet the research demands in the Altay region. There is an urgent need for alternative meteorological data sources with higher spatiotemporal resolution to support scientific research in this expansive and geographically diverse region. Given the wide geographical extent, complex terrain, diverse landscapes, significant seasonal climate variations, sparse weather stations and critical ecological significance of the Altay region, it serves as an ideal representative of meteorologically scarce arid and semi-arid areas for the evaluation and correction of monthly temperature and precipitation data in ERA5-Land, ERA5, and CMFD.




2.2. Dataset


2.2.1. ERA5 and ERA5-Land Temperature and Precipitation Data


The 0.25° ERA5, and 0.1° ERA5-Land monthly temperature and precipitation data were downloaded from the Copernicus Climate Data Store (CDS) (https://cds.climate.copernicus.eu/#!/home, accessed on 22 February 2023). The ERA5 dataset, which is the European Centre for Medium-Range Weather Forecasts (ECMWF) reanalysis data, is a comprehensive database of global atmospheric, land surface, and ocean wave information [24]. On the other hand, the ERA5-Land dataset, which was released in July 2019, is an upgraded version of ERA5 that focused on land applications by incorporating the terrestrial component of ERA5 reanalysis from 1950 to the present [25]. Notably, the ERA5-Land dataset has a higher spatial resolution compared to the ERA-Interim and ERA5 datasets, representing an improvement over these datasets [18,26,27]. The ERA5 and ERA5-Land temperature and precipitation data, which offer long-term time series and spatial coverage over the entire Altay region, can compensate for the limitations of sparse meteorological station distribution and limited temporal data in arid and semi-arid areas. Previous studies have indicated that in arid and semi-arid regions, ERA5 and ERA5-Land demonstrate a better ability to capture lower precipitation magnitudes compared to higher magnitudes [28,29,30]. Moreover, these datasets exhibit good performance in capturing temperature trends [31]. However, there has been no previous research specifically focusing on the performance of ERA5 and ERA5-Land in the Altay region. Therefore, this study aims to evaluate the ability of ERA5 and ERA5-Land to capture temperature and precipitation variations in the Altay region. In this study, to maintain consistency with the CMFD time series, the correction of monthly temperature and precipitation errors in ERA5 and ERA5-Land, as well as the assessment of errors before and after correction, were conducted using precipitation data from 1979 to 2018 and temperature data from 2016 to 2018.




2.2.2. CMFD Temperature and Precipitation Data


This study utilized CMFD monthly temperature and precipitation data with a spatial resolution of 0.1° obtained from the National Tibetan Plateau Data Center (https://data.tpdc.ac.cn/zh-hans/data/8028b944-daaa-4511-8769-965612652c49, accessed on 25 August 2023). The time series of this dataset was from 1979 to 2018. The CMFD dataset was developed by merging conventional meteorological observation data from the China Meteorological Administration with background information from existing international sources such as Princeton reanalysis data, GLDAS data, GEWEX-SRB radiation data, and TRMM satellite precipitation data [32]. Research has shown that CMFD exhibits strong capabilities in capturing temperature and precipitation, although it tends to underestimate them in arid and semi-arid regions [33,34]. With long-term time series and spatial coverage over the entire Altay region, CMFD meets the meteorological data requirements of the Altay region. However, there is limited research on the accuracy of CMFD temperature and precipitation data specifically in the Altay region. Therefore, this study aims to assess the suitability of CMFD temperature and precipitation data in the Altay region and compare its performance with ERA5 and ERA5-Land. In this study, error correction was applied to the CMFD monthly precipitation data from 1979 to 2018 and CMFD monthly temperature data from 2016 to 2018.




2.2.3. TRMM Satellite Precipitation Data


The monthly Tropical Rainfall Measuring Mission satellite precipitation data (TRMM) with a spatial resolution of 0.25° for the Altay region from 1998 to 2018 were downloaded from the Google Earth Engine platform (https://code.earthengine.google.com/, accessed on 26 August 2023). The TRMM satellite was the first satellite mission dedicated to increasing the understanding of the distribution and variability of precipitation. Numerous studies have validated the acceptable accuracy of TRMM precipitation products [35,36,37]. In the Central Asian arid and semi-arid region, TRMM precipitation performs better than reanalysis data [38]. Therefore, for this study, TRMM satellite precipitation data were selected for comparative analysis to assess the capability of pre- and post-correction ERA5-Land, ERA5, and CMFD data in capturing precipitation in the Altay region. This was done to evaluate the suitability of coefficient correction methods for ERA5-Land, ERA5, and CMFD precipitation data in the Altay region. Since the time series of TRMM precipitation data from 1998 to 2019, while CMFD data is available only up to 2018, the comparative analysis was conducted for the period from 1998 to 2018.




2.2.4. Temperature and Precipitation Observation Data at Meteorological Stations


This study focuses on the revision of errors and the assessment of accuracy for monthly temperature and precipitation data of ERA5-Land, ERA5, and CMFD, using temperature and precipitation observation data from meteorological stations. The temperature and precipitation data were obtained from the Xinjiang Climate Center in China. To ensure data quality, 88 regional automatic meteorological stations and 8 national meteorological stations were selected in the Altay region after thorough screening. To maintain consistency across the time series of each meteorological station, 96 stations’ monthly temperature data from 2016 to 2018 were selected for error revision and accuracy assessment of ERA5-Land, ERA5, and CMFD monthly temperature data, with 64 stations used for error revision and 32 stations used for accuracy assessment. Considering that precipitation data from the regional automatic stations are not continuous due to missing data and the absence of winter observations, the precipitation observation data from 1979 to 2018 were selected for ERA5-Land, ERA5, and CMFD error revision and accuracy assessment from national stations. Through careful data screening, 7 national meteorological stations were selected, with 5 used for error revision and 2 used for accuracy assessment.





2.3. Methods


2.3.1. Residual Revision Method


By analysing the bias of the measured temperature data at each meteorological station and the corresponding grid points of ERA5-Land, ERA5, and CMFD monthly temperature data, the bias of the value of the same grid is relatively similar in the same month during different years (Table 1). Based on this observation, the spatial residual revision method was applied to qualify the temperature data. The residual revision method relies on the error characteristics of ERA5-Land, ERA5, and CMFD monthly temperature data relative to the meteorological station observations. It directly corrects the errors in the corresponding grid points of the reanalysis data using the meteorological station observations. This method is concise, involves fewer intermediate steps, and helps avoid the accumulation of errors that can arise from multiple steps. Additionally, this method allows for the differentiated correction of errors in different grid units. Moreover, the residual revision method requires reliable ground-based observation data as reference data for correcting reanalysis data. In this study, 64 meteorological stations with quality-controlled monthly temperature observations were selected as the reference data. These meteorological stations, in terms of quantity and quality, met the requirements of the residual correction method. The correction steps are as follows: First, the temperature bias for ERA5-Land, ERA5, and CMFD from January to December, corresponding to the 64 meteorological stations, was calculated (Formula (1)). Then, the bias data for each month from January to December was subjected to spatial interpolation using the co-kriging method (CK) that takes into account the elevation factor (Figure 2). Finally, we subtracted the spatially interpolated bias corresponding to each month from the monthly ERA5-Land, ERA5, and CMFD temperature data (Formula (2)), that is, the revised ERA5-Land, ERA5, and CMFD, temperature data were obtained. The specific formula is derived as follows:


    T   d   =   T   e   −   T   m    



(1)






    T   r   =   T   e   −   T   d , C K    



(2)




where     T   e     represents the test data,     T   m     denotes the measured data at the meteorological station,     T   d     refers to the bias between the test data and the measured data at the meteorological station,     T   r     represents the revised temperature data, and     T   d ,   C K     denotes the interpolated temperature residuals.




2.3.2. Coefficient Revision Method


As precipitation is highly localized and uncertain, the spatial error distributions of ERA5-Land, ERA5, and CMFD monthly precipitation data are complex and lack regularity. This study employs the coefficient revision method with monthly precipitation data from 5 meteorological stations from 1979 to 2018 to revise ERA5-Land, ERA5, and CMFD monthly precipitation data. The coefficient correction method establishes a relationship between the correction values and the observed values, deriving correction coefficients. These coefficients are then used to revise the monthly precipitation data in the study area. This method is simple, involves fewer intermediate steps, and helps avoid the accumulation of errors that can arise from multiple correction steps. Additionally, the coefficient correction method effectively eliminates systematic biases caused by multiple factors. To correct grid data using this method, it is necessary to match the corresponding meteorological observation data; each set of correction data will have a corresponding correction coefficient, resulting in a large number of correction coefficients. However, this also improves the accuracy of the grid data after correction. The correction steps are as follows: First, by using data from 5 meteorological stations, we established correction coefficients for annual and monthly precipitation data for ERA5-Land, ERA5, and CMFD using Formula (3). Subsequently, the revision coefficients from the 5 meteorological stations were averaged to obtain a single revision coefficient for each month and year. In total, 480 revised coefficients were calculated for the period of January to December from 1979 to 2018 (see Appendix A). On this basis, the ERA5-Land, ERA5 and CMFD precipitation data for January to December from 1979 to 2018 were revised by the revised coefficients using Formula (4). The specific formula is derived as follows:


  L =     P   m       P   e      



(3)






    P   r   = L ×   P   e    



(4)




where L denotes the revised coefficient,     P   m     represents the precipitation data at the meteorological station,     P   e     refers to the ERA5-Land, ERA5 and CMFD precipitation data, and     P   r     denotes corrected ERA5-Land, ERA5 and CMFD monthly precipitation data.




2.3.3. Accuracy Assessment


In this study, a spatial random sampling method was used to select a total of 32 temperature verification points and 2 precipitation verification points. Based on the actual number and spatial distribution of meteorological stations, these selected points are representative and exhibit a reasonable and even spatial distribution, as shown in Figure 1. By using the temperature and precipitation verification points, the errors of ERA5-Land, ERA5, and CMFD temperature and precipitation data before and after correction were evaluated in this study. The values at verification points for the data to be evaluated were extracted using bilinear interpolation. Meteorological station data for temperature and precipitation were employed, and error assessment of the pre- and post-correction ERA5-Land, ERA5, and CMFD temperature and precipitation data was conducted using error indicators including Taylor diagrams [39], bias, and RMSE.



The Taylor diagram uses three primary indices: the correlation coefficient, normalized standard deviation, and normalized root-mean-square error [27]. The higher the correlation coefficient is, the closer the normalized standard deviation is to 1, and the smaller the normalized root-mean-square error is, which indicates that the evaluation data are closer to the observed values. Additionally, bias was used to detect whether the evaluation data were overestimated (bias > 0) or underestimated (bias < 0) compared to the measurement of the meteorological observation stations. The RMSE denotes the precision of the evaluation data error, with the error magnitude ranging from zero to ∞; the closer to zero the error is, the better the evaluation data are [40].






3. Results


3.1. Accuracy Assessment for the ERA5-Land, ERA5 and CMFD Monthly Temperature Data


The ability of ERA5-Land, ERA5, and CMFD datasets to capture temperature in the Altay region was evaluated using bias, Taylor diagrams, and RMSE error metrics. The bias analysis revealed differences in the temperature capturing abilities of the three datasets across different months. ERA5-Land consistently underestimated temperature, except for the months of January to March. The largest underestimation occurred in April, reaching 1.9 °C, while the largest overestimation was observed in February, reaching 2.1 °C. ERA5 consistently underestimated temperature in all months, with the highest underestimation occurring in April at 2.1 °C. On the other hand, CMFD exhibited overestimation during the cold season (January to March and October to December), with overestimation values ranging from 0.1 °C to 0.6 °C. However, it showed underestimation during the warm season (April to September), with underestimation values ranging from 0.2 °C to 0.9 °C (Figure 3). Spatial distribution of residuals (Figure 2) indicated that elevation influenced the spatial pattern of residuals for all three datasets. Overall, the datasets consistently underestimated temperature in high-altitude mountainous regions, with underestimation values exceeding 5.0 °C. In contrast, overestimation was predominant in low-altitude plain areas, with a more pronounced overestimation during the cold season. Although some regions in the cold season exhibited overestimation exceeding 1.0 °C, the majority of months and regions showed overestimation below 1.0 °C. The residual may be attributed to the elevation differences between the reanalysis data and ground-based meteorological stations or the low simulation skills of climate models in complex terrains [41]. The Taylor diagram (Figure 4) revealed that the correlation coefficients of CMFD and meteorological station observations were larger than those of ERA5-Land and ERA5, but mostly lower than 0.75, especially for ERAT, which were mostly below 0.5. Moreover, all three data types showed more dispersion in the standardized standard deviation, particularly for ERAT, which had a standardized standard deviation that was far from 1. The standardized RMSE of CMFD were smaller than those of ERA5-Land and ERA5. Furthermore, the RMSE of CMFD was lower than that of ERA5-Land and ERA5. Spatially, RMSE exhibited significant heterogeneity, with CMFD performing the best. Most of the regions with larger errors in all three datasets were concentrated in the complex terrain of the southeast-northeast mountainous areas (Figure 5). Overall, in the Altay region, the order of the three datasets in terms of temperature capture capability was: CMFD > ERA5-Land > ERA5. Although there are differences in the ability of ERA5-Land, ERA5, and CMFD to capture temperature in the Altay region, overall, their ability to capture temperature is poor.




3.2. Accuracy Assessment for the ERA5-LandPR, ERA5PR, and CMFDPR Monthly Temperature Data


By utilizing the residual revision method, we obtained the post-revision-ERA5-Land (ERA5-LandPR), post-revision-ERA5 (ERA5PR), and post-revision-CMFD (CMFDPR) monthly temperature data for the Altay region (Figure 6). From the temporal distribution within the year, Altay experiences higher temperatures during the summer months of June to August, while December and the months of January to February represent the colder winter temperatures in Altay. From a spatial perspective, all three datasets consistently demonstrate lower temperatures in mountainous regions compared to plain areas. The temporal–spatial differences observed in the three datasets are primarily influenced by variations in atmospheric circulation driven and differences in terrain and topography. The bias analysis indicates that although all three datasets still exhibited overestimations, the absolute bias was mostly confined within 0.5 °C, a significant improvement over the pre-revisions, particularly for CMFDPR, which was controlled within 0.25 °C (Figure 7). The Taylor diagrams demonstrate that ERA5-LandPR, ERA5PR, and CMFDPR are closer to the meteorological observations REF than the pre-revisions, with the CMFDPR being the closest to the meteorological observations when compared to the corrected ERA5-Land and ERA5 (Figure 4). Compared to the pre-revision versions, the rate of improvement in RMSE for the CMFDPR and ERA5-LandPR temperature was fairly similar, but both were greater than that of the ERA5PR. Additionally, it is worth noting that the rate of improvement in RMSE for the CMFDPR and ERA5-LandPR during warmer months was higher than during colder months (Table 2). It can be concluded that the application of the residual revision method significantly improved the ability of ERA5-Land, ERA5, and CMFD to capture temperature in the Altay region.



We further conducted a comparative analysis of the performance of ERA5-LandPR, ERA5PR, and CMFDPR in capturing temperature in the Altay region. The CMFDPR, ERA5-LandPR, and ERA5PR exhibit differences in their temperature-capturing abilities. CMFDPR and ERA5-LandPR demonstrate strong performance in capturing temperatures during April to July in the Altay region, with RMSE ranging from 0.95 °C to 1.08 °C and 1.21 °C to 1.32 °C, respectively. Corrected ERA5 shows relatively good temperature capture abilities in March, May, and October, but the RMSE values exceed 3.0 °C (Table 2). Despite the strong performance of ERA5-LandPR and ERA5PR in certain months, an evaluation based on RMSE, bias, and Taylor diagrams reveals that CMFDPR outperforms ERA5-LandPR and ERA5PR in capturing temperature across all months. Spatial distribution of RMSE indicates that, although errors in mountainous areas remain relatively high for all three datasets, there is a significant improvement compared to the pre-revision data, with CMFDPR exhibiting the best temperature capture ability while ERA5PR still exhibits relatively large errors (Figure 5). Therefore, the temperature capture hierarchy among the corrected datasets remains as follows: CMFDPR > ERA5-LandPR > ERA5PR. CMFDPR and ERA5-LandPR demonstrate strong temperature capture abilities, while ERA5PR still exhibits significant errors.




3.3. Accuracy Assessment for the ERA5-Land, ERA5, and CMFD Monthly Precipitation Data


Using bias indicators, Taylor diagrams, and RMSE error metrics, we evaluated the ability of ERA5-Land, ERA5, and CMFD to capture precipitation in the Altay region. The bias indicators reveal that ERA5-Land, ERA5 tend to overestimate precipitation compared to the meteorological stations in various months, especially in April–May, October–November, with biases exceeding 10 mm. CMFD exhibits underestimation only in January–February and June, while it shows overestimation in other months. The absolute bias of CMFD is generally smaller than that of ERA5-Land and ERA5. Overall, the three datasets show larger biases in months with higher precipitation (Figure 8). The Taylor diagrams (Figure 9) illustrate that the correlation coefficients of ERA5-Land and ERA5 with meteorological stations were not significantly different across various months, and they were mostly greater than 0.7. however, the correlation coefficients of ERA5-Land and ERA5 were mostly lower than that of CMFD. The standard deviation of ERA5-Land and ERA5 was more varied than that of CMFD. The RMSE indicators suggest that the precipitation data of ERA5-Land, ERA5 and CMFD are not capable of capturing months with high precipitation. In June, ERA5-Land reaches an RMSE of 15.15 mm, ERA5 reaches 16.34 mm in May, and CMFD reaches 9.75 mm in July (Table 3). The ability of the three datasets to capture precipitation in the Altay region is ranked as follows: CMFD > ERA5-Land > ERA5. Similarly to temperature, although there are differences in the ability of ERA5-Land, ERA5, and CMFD to capture precipitation in the Altay region, overall, their ability to capture precipitation is poor.




3.4. Accuracy Assessment for the ERA5-LandPR, ERA5PR, and CMFDPR Monthly Precipitation


The corrected precipitation data for ERA5-Land, ERA5, and CMFD were obtained through the coefficient revision method. Spatially, all three datasets displayed higher precipitation in mountainous areas compared to plain areas, with a decreasing trend from northwest to southeast (Figure 10). This pattern is attributed to the moisture from the Atlantic Ocean, coming from the west, being obstructed and lifted by the Altai Mountains, leading to increased precipitation in the mountainous regions and foothills [6,22]. The bias analysis revealed that, although ERA5-LandPR, ERA5PR, and CMFDPR still showed overestimations compared to the meteorological station observations in various months, most of the absolute bias values were significantly reduced after revision, and the bias of CMFDPR was smaller than that of ERA5-LandPR and ERA5PR. Overall, the three datasets still showed larger biases in months with higher precipitation (Figure 11). The Taylor diagram (Figure 9) showed that the ERA5-LandPR, ERA5PR, and CMFDPR were closer to the meteorological observations REF after revision. With ERA5-LandPR precipitation having the greatest improvement in accuracy compared to pre-revision, the monthly RMSE accuracy improvement for the ERA5-LandPR ranged from 2.0% to 63.0%, with an average increase of 44.6%. The improvement in the RMSE of ERA5-LandPR was higher than that of ERA5PR and CMFDPR; ERA5PR performed better than CMFD in various months (Table 3). Therefore, the effectiveness of the coefficient method in revising the three types of precipitation data in the Altay region is ranked as follows: ERA5-LandPR > ERA5PR > CMFDPR. In conclusion, the coefficient revision method significantly improved the ability of ERA5-Land, ERA5, and CMFD to capture precipitation in the Altay region, especially for ERA5-LandPR.



We further compared the precipitation capture performance of ERA5-LandPR, ERA5PR, and CMFDPR in the Altay region. The results indicate that all three corrected datasets exhibit weaker precipitation capture ability in months with high precipitation compared to months with lower precipitation. There are differences in the ability of the three datasets to capture precipitation within each month. In the months of October to December and January, ERA5-LandPR demonstrates better precipitation capture ability than CMFDPR, while in other months, CMFDPR outperforms ERA5-LandPR. Additionally, both ERA5-LandPR and CMFDPR exhibit better capture ability than ERA5PR in all months (Table 3). Overall, the precipitation capture ability of ERA5-LandPR, ERA5PR, and CMFDPR is better in months with lower precipitation compared to months with higher precipitation. Each dataset has its advantages in capturing precipitation in different months. However, in terms of average precipitation capture ability, CMFDPR > ERA5-LandPR > ERA5PR.




3.5. Comparison Analysis between TRMM Satellite Precipitation Data and Pre- and Post-Correction ERA5-Land, ERA5, and CMFD Precipitation Data


Studies have shown that satellite-derived precipitation data often exhibit better accuracy than reanalysis data [34]. Therefore, in this study, TRMM precipitation data were selected to compare and analyse the capturing capabilities of precipitation by pre- and post-correction ERA5-Land, ERA5, and CMFD. The results indicate that when compared to meteorological station precipitation measurements, TRMM, as well as pre- and post-correction ERA5-Land, ERA5, and CMFD consistently exhibited overestimation. Overall, pre-correction ERA5-Land and ERA5 had larger biases than TRMM in all months. However, both pre- and post-correction CMFD and post-correction ERA5-Land and ERA5 exhibited smaller biases than TRMM (Figure 12). The Taylor diagram (Figure 13) indicated that TRMM was closer to meteorological observation values (REF) than pre-correction ERA5-Land and ERA5. However, both pre- and post-correction CMFD and post-correction ERA5-Land and ERA5 were even closer to meteorological observation values (REFs) than TRMM. Similarly, RMSE values showed that pre-correction ERA5-Land and ERA5 had larger errors than TRMM, while the other datasets had errors smaller than TRMM (Table 4). In general, the precipitation capturing ability of pre-correction ERA5-Land and ERA5 was weaker than that of TRMM. However, both pre- and post-correction CMFD and post-correction ERA5-Land and ERA5 demonstrated superior precipitation capturing capabilities compared to TRMM.





4. Discussion


Overall, ERA5-Land, ERA5, and CMFD demonstrate weak capabilities in capturing temperature and precipitation in the Altay region. Regarding temperature, various error metrics indicate significant errors in ERA5-Land, ERA5, and CMFD temperature data in the Altay region, with weaker performance compared to other regions [17,42,43]. As for precipitation, CMFD outperforms TRMM data. This can be attributed to the integration of background data from Princeton reanalysis, GLDAS data, GEWEX-SRB radiation data, TRMM precipitation data, and meteorological observational data in constructing CMFD precipitation data [32,44]. On the other hand, ERA5-Land and ERA5 exhibited weaker capabilities in capturing precipitation in the Altay region compared to the TRMM dataset, as well as in other regions [45,46]. Based on the above analysis, It can be concluded that except for CMFD precipitation data, error correction should be carried out for other datasets before their usage, which aligns with previous findings in Iran and the Qilian Mountains [16,18,47].



The residual and coefficient revision methods significantly enhance the temperature and precipitation capture capabilities of ERA5-Land, ERA5, and CMFD in the Altay region. In terms of temperature, CMFDPR, ERA5-LandPR, and ERA5PR demonstrate substantial improvements in error accuracy. Specifically, CMFDPR outperforms ERA5-LandPR and ERA5PR, while ERA5-LandPR performs better than ERA5PR. However, it is important to note that despite ERA5PR’s improved temperature capturing ability compared to its pre-revision state, it still falls short of pre-revision ERA5-Land and CMFD in terms of temperature capture. This indicates that ERA5PR struggles to accurately represent temperatures in the Altay region, rendering it unsuitable for scientific research in this area. Regarding precipitation, the coefficient revision method exhibits the most significant improvement in accuracy for ERA5-Land compared to other datasets. On the other hand, CMFDPR shows relatively minor improvement due to its already proficient precipitation capture capabilities prior to correction. Although the improvement in RMSE for CMFDPR is not substantial, it outperforms ERA5-Land and ERA5 in capturing precipitation in most months. Comparative analysis with TRMM precipitation data confirms that ERA5-LandPR, ERA5PR, and CMFDPR demonstrate superior precipitation capture capabilities. In conclusion, it is evident that, except for ERA5 temperature, the residual revision method and coefficient revision method are suitable for correcting errors in other data in the Altay region.



The varying performances of ERA5-Land, ERA5, and CMFD monthly temperature and precipitation data before and after revision in the Altay region may be attributed to several reasons. Firstly, variations in spatial representation between meteorological station observations and temperature/precipitation data from ERA5-Land, ERA5, and CMFD could introduce errors in the assessment outcomes [48]. Horizontally, meteorological stations capture data at a point or small-area scale, whereas ERA5-Land, ERA5, and CMFD employ grid coverages of 0.1°, 0.25°, and 0.1°, respectively, potentially leading to evaluation discrepancies [46]. Vertically, ERA5-Land and ERA5 depict temperature data at 2 m above ground, while ground observations represent it at 1.5 m. Inconsistencies in elevation may contribute to errors in the verification results [18,49]. Secondly, variations in spatial resolution and the inversion process of the data model contribute to inconsistent results. The higher spatial resolution and improved physical/process representations may elucidate the superior performance of ERA5-Land and CMFD over ERA5, and CMFD over ERA5-Land [50]. Thirdly, the accuracy of meteorological station observations introduces significant uncertainties in the assessment outcomes. Measurement errors affecting rain gauges, such as wind field deformation, wetting losses, evaporation, sublimation, and splashing, lead to ground precipitation being generally higher than rain gauge measurements [51,52]. Rain gauges can underestimate precipitation by 25% to 30% in heavy rain and windy conditions [53]. This discrepancy explains the overestimation of precipitation in the Altay region for ERA5-Land, ERA5, and CMFD before and after correction. Additionally, differences and errors in temperature and precipitation between ERA5-Land, ERA5, and CMFD before and after revision may also be attributed to data assimilation methods, prediction models, initial conditions, model systems, and interpolation [54]. Based on the findings mentioned above, future research should aim to enhance the objectivity of precipitation observations at meteorological stations by incorporating the precipitation amount missed by these stations due to natural factors into the total precipitation calculation. Furthermore, it is crucial to establish additional meteorological observation stations in areas with complex terrain to improve the accuracy of reanalysis data simulations.




5. Conclusions


This study utilized the residual and coefficient revision method to revise the ERA5-Land, ERA5, and CMFD monthly temperature and precipitation data in the Altay region. The evaluation of these datasets’ ability to capture temperature and precipitation was conducted based on meteorological station observational data. Additionally, a comparative analysis with TRMM satellite precipitation data was performed to assess the ability of ERA5-Land, ERA5, and CMFD in capturing precipitation. The conclusions are described as follows:




	(1)

	
ERA5-Land, ERA5, and CMFD exhibit significant differences in their ability to capture temperature and precipitation in the Altay region. In general, ERA5-Land, ERA5, and CMFD temperature and precipitation data underperformed in the Altay region and required error correction before scientific research could be conducted, especially for ERA5-Land and ERA5 temperature and precipitation data.




	(2)

	
Residual and coefficient revision method significantly improved the ability of ERA5-Land, ERA5, and CMFD to capture temperature and precipitation. With the exception of ERA5PR temperature data, all other datasets meet the accuracy requirements for temperature and precipitation in the Altay region and can provide reliable data support for studying climate and ecological change in arid and semi-arid areas.




	(3)

	
There are differences in the ability of ERA5-LandPR, ERA5PR, and CMFDPR to capture temperature and precipitation. Overall, CMFDPR demonstrates better temperature capture capabilities than both ERA5-LandPR and ERA5PR. Additionally, all three datasets exhibit weaker temperature capture abilities in mountainous regions compared to plains. Furthermore, ERA5-LandPR, ERA5PR, and CMFDPR exhibit weaker precipitation capture abilities during months with high precipitation compared to months with lower precipitation. CMFDPR and ERA5-LandPR exhibit varying abilities in capturing precipitation in different months, but both outperform ERA5PR.
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Table A1. The correction coefficients for ERA5-Land, ERA5, and CMFD precipitation for each month from 1979 to 2018.






Table A1. The correction coefficients for ERA5-Land, ERA5, and CMFD precipitation for each month from 1979 to 2018.





	Year
	Month
	ERALP
	ERAP
	CMFDP





	1979
	1
	0.47
	0.53
	1.49



	1979
	2
	0.47
	0.53
	1.37



	1979
	3
	0.41
	0.42
	1.22



	1979
	4
	0.54
	0.62
	0.97



	1979
	5
	0.67
	0.64
	0.98



	1979
	6
	0.81
	0.96
	0.95



	1979
	7
	0.68
	1.33
	0.98



	1979
	8
	0.26
	0.39
	0.85



	1979
	9
	0.73
	0.98
	0.99



	1979
	10
	0.44
	0.45
	0.95



	1979
	11
	0.70
	0.78
	0.98



	1979
	12
	0.59
	0.71
	1.69



	1980
	1
	0.62
	0.69
	0.97



	1980
	2
	0.41
	0.73
	1.21



	1980
	3
	0.46
	0.56
	1.13



	1980
	4
	0.44
	0.45
	0.98



	1980
	5
	0.98
	1.02
	0.94



	1980
	6
	0.60
	0.75
	0.97



	1980
	7
	1.07
	1.18
	0.97



	1980
	8
	0.80
	1.00
	0.95



	1980
	9
	0.89
	0.90
	0.97



	1980
	10
	0.51
	0.74
	0.91



	1980
	11
	0.55
	0.57
	0.97



	1980
	12
	0.54
	0.54
	1.11



	1981
	1
	0.88
	0.93
	1.15



	1981
	2
	0.34
	0.54
	1.07



	1981
	3
	0.56
	0.66
	0.93



	1981
	4
	0.65
	0.67
	1.02



	1981
	5
	0.60
	0.62
	1.00



	1981
	6
	0.59
	0.58
	0.90



	1981
	7
	0.78
	0.70
	1.00



	1981
	8
	0.73
	0.92
	0.88



	1981
	9
	0.93
	0.97
	0.99



	1981
	10
	0.52
	0.68
	0.99



	1981
	11
	0.49
	0.51
	0.97



	1981
	12
	0.50
	0.46
	1.41



	1982
	1
	0.32
	0.48
	1.07



	1982
	2
	0.27
	0.40
	1.14



	1982
	3
	0.46
	0.59
	0.92



	1982
	4
	0.33
	0.39
	0.57



	1982
	5
	0.94
	1.09
	0.95



	1982
	6
	0.43
	0.55
	0.98



	1982
	7
	1.14
	0.73
	0.88



	1982
	8
	0.63
	1.14
	0.95



	1982
	9
	0.69
	0.51
	0.90



	1982
	10
	0.48
	0.46
	0.88



	1982
	11
	0.42
	0.52
	0.89



	1982
	12
	0.58
	0.63
	1.51



	1983
	1
	0.55
	0.62
	0.90



	1983
	2
	0.34
	0.37
	1.36



	1983
	3
	0.50
	0.76
	0.92



	1983
	4
	0.35
	0.65
	0.78



	1983
	5
	0.67
	0.80
	0.99



	1983
	6
	0.88
	1.01
	1.01



	1983
	7
	0.82
	0.86
	0.97



	1983
	8
	1.58
	1.73
	0.99



	1983
	9
	0.59
	0.57
	0.98



	1983
	10
	0.55
	0.47
	0.96



	1983
	11
	0.36
	0.33
	0.93



	1983
	12
	0.86
	0.91
	1.65



	1984
	1
	0.63
	0.57
	1.27



	1984
	2
	0.43
	0.56
	1.04



	1984
	3
	0.61
	0.84
	1.02



	1984
	4
	0.50
	0.46
	0.90



	1984
	5
	0.54
	0.64
	0.99



	1984
	6
	0.66
	0.62
	0.99



	1984
	7
	1.05
	1.22
	0.99



	1984
	8
	0.60
	0.58
	0.88



	1984
	9
	0.73
	0.70
	1.00



	1984
	10
	0.45
	0.58
	0.92



	1984
	11
	0.56
	0.58
	1.25



	1984
	12
	1.14
	1.28
	1.87



	1985
	1
	0.60
	0.63
	0.88



	1985
	2
	0.39
	0.39
	1.18



	1985
	3
	0.35
	0.41
	2.04



	1985
	4
	0.44
	0.43
	0.88



	1985
	5
	0.41
	0.40
	0.97



	1985
	6
	1.05
	1.13
	0.98



	1985
	7
	0.62
	0.80
	0.96



	1985
	8
	0.64
	0.73
	0.97



	1985
	9
	0.81
	0.67
	1.00



	1985
	10
	0.45
	0.47
	0.97



	1985
	11
	0.55
	0.63
	1.13



	1985
	12
	0.67
	0.78
	1.29



	1986
	1
	0.40
	0.37
	0.91



	1986
	2
	0.48
	0.49
	1.00



	1986
	3
	0.32
	0.31
	1.41



	1986
	4
	0.65
	0.67
	0.99



	1986
	5
	0.60
	0.49
	0.96



	1986
	6
	0.39
	0.43
	0.94



	1986
	7
	0.62
	0.95
	0.98



	1986
	8
	0.80
	0.74
	0.97



	1986
	9
	0.70
	0.74
	0.96



	1986
	10
	0.54
	0.45
	1.03



	1986
	11
	0.99
	1.08
	1.00



	1986
	12
	0.59
	0.78
	1.48



	1987
	1
	0.68
	0.77
	1.50



	1987
	2
	0.44
	0.45
	1.65



	1987
	3
	0.61
	0.60
	1.33



	1987
	4
	0.49
	0.60
	0.95



	1987
	5
	0.67
	0.72
	1.01



	1987
	6
	0.56
	0.66
	0.99



	1987
	7
	0.66
	0.69
	0.98



	1987
	8
	0.96
	1.10
	0.96



	1987
	9
	0.49
	0.48
	1.00



	1987
	10
	0.66
	0.82
	0.99



	1987
	11
	0.43
	0.51
	1.16



	1987
	12
	0.59
	0.66
	1.52



	1988
	1
	0.48
	0.57
	0.96



	1988
	2
	0.71
	0.79
	0.95



	1988
	3
	0.44
	0.57
	1.12



	1988
	4
	0.61
	0.68
	0.96



	1988
	5
	0.76
	0.79
	1.00



	1988
	6
	0.62
	0.74
	0.96



	1988
	7
	0.94
	1.09
	0.98



	1988
	8
	0.52
	0.43
	0.97



	1988
	9
	0.55
	0.55
	0.95



	1988
	10
	0.62
	0.69
	0.97



	1988
	11
	0.78
	0.90
	0.94



	1988
	12
	0.51
	0.47
	0.93



	1989
	1
	0.57
	0.65
	0.95



	1989
	2
	0.29
	0.40
	1.12



	1989
	3
	0.64
	1.23
	0.78



	1989
	4
	0.31
	0.47
	0.92



	1989
	5
	0.24
	0.32
	0.59



	1989
	6
	0.50
	0.58
	0.95



	1989
	7
	0.87
	0.82
	0.98



	1989
	8
	0.62
	0.73
	0.85



	1989
	9
	0.69
	0.77
	0.97



	1989
	10
	0.55
	0.65
	0.98



	1989
	11
	0.68
	0.80
	1.54



	1989
	12
	0.38
	0.48
	1.01



	1990
	1
	0.67
	0.72
	1.06



	1990
	2
	0.35
	0.41
	1.42



	1990
	3
	0.72
	0.86
	1.02



	1990
	4
	0.63
	0.66
	0.97



	1990
	5
	0.38
	0.42
	0.95



	1990
	6
	1.08
	0.73
	0.91



	1990
	7
	1.06
	1.22
	1.00



	1990
	8
	0.53
	0.55
	0.96



	1990
	9
	1.34
	1.76
	0.86



	1990
	10
	0.50
	0.53
	1.01



	1990
	11
	0.63
	0.69
	1.03



	1990
	12
	0.54
	0.53
	1.10



	1991
	1
	0.56
	0.74
	0.92



	1991
	2
	0.48
	0.59
	1.15



	1991
	3
	0.44
	0.54
	1.02



	1991
	4
	0.68
	0.96
	0.44



	1991
	5
	0.76
	0.88
	0.97



	1991
	6
	1.04
	1.14
	0.94



	1991
	7
	0.72
	0.78
	0.97



	1991
	8
	0.94
	0.78
	0.93



	1991
	9
	0.70
	0.86
	0.96



	1991
	10
	0.74
	0.80
	0.94



	1991
	11
	0.52
	0.60
	1.16



	1991
	12
	0.75
	0.82
	1.24



	1992
	1
	0.53
	0.73
	1.10



	1992
	2
	0.47
	0.51
	1.08



	1992
	3
	0.63
	0.63
	1.28



	1992
	4
	0.64
	0.74
	0.99



	1992
	5
	0.73
	0.63
	0.95



	1992
	6
	1.50
	1.93
	0.96



	1992
	7
	0.93
	0.90
	0.97



	1992
	8
	1.01
	1.26
	0.99



	1992
	9
	0.74
	0.83
	0.99



	1992
	10
	0.59
	0.56
	0.93



	1992
	11
	0.70
	0.64
	1.01



	1992
	12
	0.64
	0.77
	1.75



	1993
	1
	0.75
	0.82
	0.92



	1993
	2
	0.54
	0.61
	1.42



	1993
	3
	0.45
	0.49
	1.01



	1993
	4
	0.57
	0.60
	0.94



	1993
	5
	1.01
	1.00
	0.95



	1993
	6
	0.60
	0.68
	0.97



	1993
	7
	0.88
	1.26
	0.99



	1993
	8
	0.83
	0.89
	1.01



	1993
	9
	0.73
	0.64
	1.00



	1993
	10
	0.40
	0.42
	0.87



	1993
	11
	0.95
	1.02
	0.98



	1993
	12
	0.73
	0.77
	0.90



	1994
	1
	0.72
	0.84
	0.97



	1994
	2
	0.45
	0.59
	0.97



	1994
	3
	0.48
	0.55
	1.40



	1994
	4
	0.53
	0.59
	0.98



	1994
	5
	0.46
	0.51
	0.96



	1994
	6
	0.41
	0.77
	0.82



	1994
	7
	0.88
	1.11
	1.00



	1994
	8
	1.01
	0.88
	0.98



	1994
	9
	0.69
	0.64
	0.91



	1994
	10
	0.45
	0.49
	0.91



	1994
	11
	0.59
	0.59
	0.98



	1994
	12
	0.45
	0.64
	1.56



	1995
	1
	0.54
	0.67
	1.00



	1995
	2
	0.48
	0.49
	1.27



	1995
	3
	0.31
	0.44
	0.87



	1995
	4
	0.28
	0.41
	0.84



	1995
	5
	0.65
	0.64
	0.98



	1995
	6
	0.56
	0.68
	0.98



	1995
	7
	0.71
	0.93
	0.98



	1995
	8
	0.68
	0.85
	0.97



	1995
	9
	0.66
	0.68
	1.00



	1995
	10
	0.61
	0.72
	0.98



	1995
	11
	0.68
	0.58
	0.93



	1995
	12
	0.52
	0.54
	0.95



	1996
	1
	0.52
	0.59
	0.93



	1996
	2
	0.42
	0.80
	0.88



	1996
	3
	0.48
	0.46
	0.98



	1996
	4
	0.56
	0.69
	0.83



	1996
	5
	0.83
	0.78
	0.84



	1996
	6
	0.72
	1.17
	0.91



	1996
	7
	0.85
	1.26
	0.89



	1996
	8
	0.83
	0.99
	0.82



	1996
	9
	0.49
	0.54
	0.92



	1996
	10
	0.87
	0.92
	0.93



	1996
	11
	0.81
	0.90
	0.93



	1996
	12
	0.56
	0.63
	0.92



	1997
	1
	0.77
	0.84
	0.96



	1997
	2
	0.49
	0.54
	1.27



	1997
	3
	0.29
	0.41
	0.89



	1997
	4
	0.36
	0.30
	0.83



	1997
	5
	0.51
	0.28
	0.63



	1997
	6
	0.49
	0.47
	0.94



	1997
	7
	1.13
	0.62
	0.88



	1997
	8
	0.47
	1.69
	0.89



	1997
	9
	0.86
	0.85
	0.85



	1997
	10
	2.06
	1.54
	0.49



	1997
	11
	0.96
	1.00
	1.65



	1997
	12
	0.73
	0.86
	0.93



	1998
	1
	0.71
	0.75
	1.03



	1998
	2
	0.51
	0.54
	1.48



	1998
	3
	0.59
	0.63
	1.12



	1998
	4
	0.43
	0.47
	0.98



	1998
	5
	0.68
	0.66
	0.95



	1998
	6
	1.06
	1.23
	0.98



	1998
	7
	0.69
	1.17
	0.98



	1998
	8
	0.98
	1.77
	0.97



	1998
	9
	0.73
	0.59
	1.01



	1998
	10
	0.23
	0.22
	0.65



	1998
	11
	0.79
	0.95
	0.98



	1998
	12
	0.65
	0.73
	0.95



	1999
	1
	0.77
	0.95
	1.02



	1999
	2
	0.47
	0.64
	1.47



	1999
	3
	0.60
	0.82
	1.55



	1999
	4
	0.49
	0.51
	0.97



	1999
	5
	0.45
	0.44
	0.96



	1999
	6
	0.50
	0.45
	0.99



	1999
	7
	0.60
	0.70
	1.02



	1999
	8
	0.53
	0.60
	0.99



	1999
	9
	0.48
	0.50
	0.97



	1999
	10
	0.68
	0.84
	1.01



	1999
	11
	0.62
	0.72
	0.96



	1999
	12
	1.03
	1.15
	1.41



	2000
	1
	0.75
	0.86
	0.99



	2000
	2
	0.29
	0.35
	0.89



	2000
	3
	0.39
	0.59
	0.97



	2000
	4
	0.32
	0.34
	0.97



	2000
	5
	0.74
	0.87
	1.21



	2000
	6
	0.81
	0.87
	1.17



	2000
	7
	0.77
	0.95
	0.99



	2000
	8
	0.46
	0.31
	1.04



	2000
	9
	0.51
	0.51
	1.16



	2000
	10
	0.67
	0.82
	1.30



	2000
	11
	0.83
	0.97
	1.25



	2000
	12
	0.91
	1.14
	1.01



	2001
	1
	0.74
	0.92
	1.27



	2001
	2
	0.50
	0.61
	0.87



	2001
	3
	0.72
	0.63
	1.05



	2001
	4
	0.42
	0.48
	1.34



	2001
	5
	0.72
	0.83
	1.05



	2001
	6
	0.66
	0.92
	1.03



	2001
	7
	0.64
	0.74
	1.01



	2001
	8
	1.19
	1.34
	1.02



	2001
	9
	0.57
	0.62
	1.00



	2001
	10
	0.58
	0.64
	0.87



	2001
	11
	0.64
	0.66
	1.24



	2001
	12
	1.53
	1.60
	1.02



	2002
	1
	0.81
	1.00
	0.94



	2002
	2
	0.98
	1.00
	0.88



	2002
	3
	0.46
	0.52
	1.04



	2002
	4
	0.48
	0.51
	0.98



	2002
	5
	0.77
	0.79
	1.03



	2002
	6
	0.90
	0.95
	0.98



	2002
	7
	0.67
	0.64
	0.97



	2002
	8
	0.53
	0.51
	1.06



	2002
	9
	0.49
	0.44
	0.94



	2002
	10
	0.83
	0.98
	0.99



	2002
	11
	0.81
	0.85
	1.27



	2002
	12
	0.67
	0.70
	1.00



	2003
	1
	0.81
	0.90
	0.94



	2003
	2
	0.54
	0.68
	0.92



	2003
	3
	0.33
	0.38
	0.94



	2003
	4
	0.57
	0.66
	1.05



	2003
	5
	0.92
	0.77
	0.89



	2003
	6
	0.61
	0.51
	1.01



	2003
	7
	0.82
	0.91
	1.01



	2003
	8
	0.95
	1.09
	1.03



	2003
	9
	0.73
	0.71
	0.99



	2003
	10
	0.44
	0.47
	1.03



	2003
	11
	0.85
	1.07
	0.92



	2003
	12
	1.00
	1.01
	0.91



	2004
	1
	0.71
	0.94
	1.01



	2004
	2
	0.74
	0.88
	0.90



	2004
	3
	0.61
	0.67
	1.26



	2004
	4
	0.55
	0.43
	0.90



	2004
	5
	0.80
	0.91
	1.08



	2004
	6
	0.60
	1.31
	1.13



	2004
	7
	0.58
	0.56
	1.00



	2004
	8
	1.01
	0.91
	0.99



	2004
	9
	0.86
	0.92
	0.96



	2004
	10
	0.26
	0.27
	0.82



	2004
	11
	0.77
	0.86
	1.21



	2004
	12
	1.02
	1.15
	0.98



	2005
	1
	1.28
	1.31
	0.95



	2005
	2
	0.93
	1.32
	0.90



	2005
	3
	0.32
	0.32
	0.87



	2005
	4
	0.53
	0.56
	1.10



	2005
	5
	0.86
	0.84
	0.94



	2005
	6
	1.08
	1.09
	0.98



	2005
	7
	0.47
	0.42
	0.89



	2005
	8
	0.71
	0.67
	0.99



	2005
	9
	0.71
	0.84
	0.86



	2005
	10
	0.46
	0.58
	0.90



	2005
	11
	0.90
	1.10
	1.00



	2005
	12
	0.65
	0.74
	0.85



	2006
	1
	0.87
	1.30
	0.91



	2006
	2
	0.82
	0.95
	0.95



	2006
	3
	0.72
	0.78
	1.14



	2006
	4
	0.70
	0.71
	1.22



	2006
	5
	0.63
	0.73
	0.93



	2006
	6
	1.06
	1.56
	1.01



	2006
	7
	0.73
	0.93
	0.93



	2006
	8
	1.08
	1.15
	0.99



	2006
	9
	0.34
	0.50
	0.73



	2006
	10
	0.58
	0.60
	0.90



	2006
	11
	0.84
	0.92
	0.84



	2006
	12
	0.66
	0.78
	0.96



	2007
	1
	0.77
	0.80
	0.90



	2007
	2
	0.65
	0.74
	0.97



	2007
	3
	0.75
	0.79
	1.24



	2007
	4
	1.30
	1.00
	0.93



	2007
	5
	0.54
	0.56
	0.87



	2007
	6
	1.25
	1.13
	0.96



	2007
	7
	1.12
	1.13
	0.97



	2007
	8
	1.85
	1.83
	0.94



	2007
	9
	0.81
	0.70
	0.91



	2007
	10
	1.13
	1.33
	1.06



	2007
	11
	0.84
	0.87
	1.10



	2007
	12
	0.55
	0.51
	0.91



	2008
	1
	0.86
	0.88
	1.02



	2008
	2
	0.51
	0.56
	0.89



	2008
	3
	0.53
	0.68
	0.97



	2008
	4
	0.68
	0.66
	0.98



	2008
	5
	0.31
	0.25
	0.82



	2008
	6
	0.97
	2.24
	0.95



	2008
	7
	1.36
	1.41
	0.97



	2008
	8
	0.72
	0.90
	0.97



	2008
	9
	0.81
	0.79
	0.97



	2008
	10
	0.52
	0.70
	1.30



	2008
	11
	0.68
	0.79
	0.90



	2008
	12
	0.91
	1.23
	1.05



	2009
	1
	0.89
	1.01
	0.90



	2009
	2
	0.64
	0.77
	1.09



	2009
	3
	0.63
	0.64
	0.86



	2009
	4
	0.52
	0.47
	1.01



	2009
	5
	0.83
	0.84
	0.94



	2009
	6
	0.50
	0.43
	1.00



	2009
	7
	0.71
	0.60
	0.96



	2009
	8
	1.02
	0.89
	0.87



	2009
	9
	0.89
	1.03
	1.00



	2009
	10
	0.69
	0.72
	0.98



	2009
	11
	0.73
	0.84
	0.80



	2009
	12
	0.85
	0.98
	1.04



	2010
	1
	1.03
	1.19
	1.02



	2010
	2
	0.80
	0.85
	0.89



	2010
	3
	0.93
	0.91
	0.89



	2010
	4
	0.71
	0.69
	0.90



	2010
	5
	0.69
	0.75
	0.96



	2010
	6
	1.22
	1.04
	0.97



	2010
	7
	1.90
	2.21
	0.88



	2010
	8
	0.78
	1.02
	0.99



	2010
	9
	0.60
	0.55
	0.95



	2010
	10
	1.08
	1.13
	1.02



	2010
	11
	0.75
	0.90
	0.93



	2010
	12
	0.76
	0.97
	0.97



	2011
	1
	1.01
	1.20
	1.04



	2011
	2
	1.05
	1.04
	0.91



	2011
	3
	1.06
	1.15
	1.31



	2011
	4
	0.68
	0.87
	1.02



	2011
	5
	1.03
	1.11
	0.96



	2011
	6
	1.13
	0.69
	0.90



	2011
	7
	1.22
	1.46
	0.92



	2011
	8
	1.20
	1.38
	1.04



	2011
	9
	0.94
	1.04
	0.85



	2011
	10
	0.56
	0.70
	1.01



	2011
	11
	0.90
	1.08
	1.06



	2011
	12
	0.91
	1.13
	0.94



	2012
	1
	1.14
	1.48
	0.90



	2012
	2
	1.02
	0.68
	1.01



	2012
	3
	0.41
	0.36
	0.88



	2012
	4
	0.72
	0.82
	1.05



	2012
	5
	0.56
	0.63
	1.06



	2012
	6
	1.17
	1.79
	1.04



	2012
	7
	1.12
	1.17
	0.97



	2012
	8
	0.97
	1.33
	0.96



	2012
	9
	1.16
	1.28
	0.91



	2012
	10
	0.74
	0.82
	1.01



	2012
	11
	0.69
	0.86
	0.97



	2012
	12
	0.94
	1.05
	0.94



	2013
	1
	0.63
	0.64
	0.77



	2013
	2
	0.73
	0.84
	0.98



	2013
	3
	0.49
	0.56
	1.39



	2013
	4
	0.46
	0.69
	0.89



	2013
	5
	0.93
	1.18
	0.98



	2013
	6
	0.97
	0.87
	1.04



	2013
	7
	1.16
	1.28
	1.00



	2013
	8
	1.07
	0.95
	0.91



	2013
	9
	1.08
	1.27
	0.99



	2013
	10
	0.74
	0.86
	0.96



	2013
	11
	0.58
	0.62
	1.01



	2013
	12
	1.10
	1.17
	1.13



	2014
	1
	0.91
	1.08
	0.99



	2014
	2
	0.79
	1.05
	1.00



	2014
	3
	0.64
	0.78
	1.06



	2014
	4
	0.52
	0.52
	0.96



	2014
	5
	0.77
	0.85
	1.04



	2014
	6
	0.68
	0.40
	0.76



	2014
	7
	1.61
	1.27
	1.22



	2014
	8
	0.45
	0.47
	0.83



	2014
	9
	0.89
	1.06
	1.11



	2014
	10
	0.74
	0.96
	0.88



	2014
	11
	0.79
	0.90
	0.98



	2014
	12
	0.62
	0.62
	0.97



	2015
	1
	0.83
	1.23
	1.00



	2015
	2
	0.60
	0.80
	1.01



	2015
	3
	0.50
	0.53
	1.00



	2015
	4
	0.68
	0.51
	0.72



	2015
	5
	0.80
	1.00
	1.09



	2015
	6
	0.67
	0.56
	1.00



	2015
	7
	1.49
	1.06
	0.94



	2015
	8
	0.92
	0.88
	0.90



	2015
	9
	0.66
	0.69
	1.06



	2015
	10
	0.55
	0.71
	1.00



	2015
	11
	0.67
	0.75
	1.15



	2015
	12
	0.78
	0.85
	0.95



	2016
	1
	1.14
	1.12
	0.99



	2016
	2
	0.41
	0.48
	0.92



	2016
	3
	0.54
	0.60
	1.37



	2016
	4
	0.82
	0.78
	1.00



	2016
	5
	0.61
	0.77
	1.35



	2016
	6
	0.99
	0.94
	1.00



	2016
	7
	0.71
	0.78
	0.97



	2016
	8
	1.00
	1.20
	1.22



	2016
	9
	0.93
	1.41
	0.95



	2016
	10
	0.71
	0.82
	1.33



	2016
	11
	0.77
	0.93
	0.98



	2016
	12
	0.85
	0.93
	1.32



	2017
	1
	0.63
	0.75
	1.02



	2017
	2
	1.10
	1.18
	0.90



	2017
	3
	0.71
	0.74
	0.91



	2017
	4
	0.48
	0.59
	0.94



	2017
	5
	1.02
	1.07
	1.15



	2017
	6
	0.92
	1.02
	1.07



	2017
	7
	1.29
	1.52
	1.21



	2017
	8
	0.80
	1.77
	1.06



	2017
	9
	1.04
	1.11
	1.02



	2017
	10
	0.65
	0.78
	1.02



	2017
	11
	0.58
	0.71
	1.35



	2017
	12
	0.70
	0.89
	0.93



	2018
	1
	1.13
	1.28
	0.94



	2018
	2
	0.16
	0.20
	0.79



	2018
	3
	0.53
	0.59
	1.33



	2018
	4
	0.91
	0.92
	1.25



	2018
	5
	0.67
	0.70
	1.12



	2018
	6
	0.71
	0.64
	0.99



	2018
	7
	0.89
	0.99
	0.95



	2018
	8
	0.90
	0.87
	0.91



	2018
	9
	1.06
	0.96
	1.03



	2018
	10
	0.41
	0.45
	0.85



	2018
	11
	0.44
	0.49
	0.76



	2018
	12
	0.98
	1.08
	0.71
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Figure 1. Geographical distribution of the study area and spatial distribution of temperature and precipitation validation and revision points at meteorological observation sites (The standard map number is: GS (2019) 1823). 
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Figure 2. Distribution of residuals for monthly temperature data of ERA5-Land, ERA5, and CMFD. 
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Figure 3. Bottom box plot of bias for ERA5-Land, ERA5, and CMFD temperature (red dots: mean bias, green horizontal line: median bias, black dots: outliers; ERLT represents the ERA5-Land temperature data, ERAT represents the ERA5 temperature data, and CMFDT represents the CMFD temperature data). 
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Figure 4. Taylor diagram of temperature data assessment compared with meteorological observations in the Altay region ((a) represents the ERA5-Land temperature before and after correction; (b) represents the ERA5 temperature before and after correction; (c) represents the CMFD temperature before and after correction. The numbers in the diagram are the corresponding months; i.e., “1” is January; REF represents the observed state). 
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Figure 5. Spatial distribution of RMSE for ERA5-Land, ERA5, and CMFD temperature before and after correction (Using the 32 meteorological observation verification stations as benchmarks, calculating the RMSE for ERA5-Land, ERA5, and CMFD temperatures before and after the correction, employing the inverse distance weighting interpolation method to interpolate the RMSE for the 32 stations, resulting in spatial distribution of RMSE; R-ERLT represents post-revision-ERA5-Land temperature data, R-ERAT represents post-revision-ERA5 temperature data, R-CMFDT represents post-revision-CMFD temperature data). 
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Figure 6. Spatial distribution of CMFDPR, ERA5-LandPR, and ERA5PR temperature in 2018. 
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Figure 7. Bottom box plot of bias for the ERA5-LandPR, ERA5PR, and CMFDPR temperature (red dots: mean bias, green horizontal line: median bias, black dots: outliers). 
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Figure 8. Bottom box plot of bias for ERA5-Land, ERA5, and CMFD precipitation from 1979 to 2018 (red dots: mean bias, green horizontal line: median bias, black dots: outliers; ERLP represents ERA5-Land precipitation, ERAP represents ERA5 precipitation, and CMFDP represents CMFD precipitation). 






Figure 8. Bottom box plot of bias for ERA5-Land, ERA5, and CMFD precipitation from 1979 to 2018 (red dots: mean bias, green horizontal line: median bias, black dots: outliers; ERLP represents ERA5-Land precipitation, ERAP represents ERA5 precipitation, and CMFDP represents CMFD precipitation).
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Figure 9. Taylor diagram of precipitation data assessment compared with meteorological observations in the Altay region from 1979 to 2018 ((a) represents the ERA5-Land precipitation before and after correction; (b) represents the ERA5 precipitation before and after correction; and (c) represents the CMFD precipitation before and after correction. The numbers in the diagram are the corresponding months; i.e., “1” is January; R-ERLP represents post-revision-ERA5-Land precipitation, R-ERAP represents post-revision-ERA5 precipitation, and R-CMFDP represents post-revision-CMFD precipitation). 
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Figure 10. Spatial distribution of monthly precipitation for the ERA5-LandPR, ERA5PR, and CMFDPR in 2018. 
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Figure 11. Bottom box plot of bias for the ERA5-LandPR, ERA5PR, and CMFDPR precipitation from 1979 to 2018 (red dots: mean bias, green horizontal line: median bias, black dots: outliers). 
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Figure 12. Bottom box plot of bias for the pre- and post-correction ERA5-Land, ERA5, CMFD and TRRM precipitation from 1998 to 2018 (red dots: mean bias, green horizontal line: median bias, black dots: outliers). 
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Figure 13. Taylor diagram of precipitation data assessment compared with meteorological observations in the Altay region from 1998 to 2018 ((a) represents the TRMM precipitation; (b) represents the ERA5-Land precipitation before and after correction; (c) represents the ERA5 precipitation before and after correction; and (d) represents the CMFD precipitation before and after correction. The numbers in the diagram are the corresponding months, i.e., “1” is January). 
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Table 1. The bias of CMFD, ERA5-Land, and ERA5 at each validation point relative to meteorological observation sites in June from 2016 to 2018.
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Station No.

	
CMFD/°C

	
ERA5-Land/°C

	
ERA5/°C




	
2016

	
2017

	
2018

	
2016

	
2017

	
2018

	
2016

	
2017

	
2018






	
51058

	
0.51

	
0.75

	
0.89

	
1.13

	
1.77

	
1.62

	
3.04

	
3.17

	
3.08




	
51068

	
0.85

	
0.61

	
1.20

	
1.28

	
1.45

	
1.62

	
−0.82

	
−0.89

	
−0.13




	
51076

	
−0.16

	
−0.15

	
0.00

	
−1.65

	
−0.70

	
−1.94

	
1.50

	
1.67

	
1.64




	
51084

	
−1.71

	
−2.62

	
−1.93

	
−4.97

	
−4.47

	
−4.89

	
5.88

	
5.60

	
6.20




	
51166

	
0.80

	
0.09

	
0.37

	
1.23

	
1.00

	
1.46

	
1.72

	
1.20

	
1.79




	
51187

	
−0.25

	
−0.64

	
0.01

	
−0.31

	
−0.65

	
−0.50

	
−3.75

	
−3.81

	
−3.03




	
51189

	
1.32

	
1.63

	
1.57

	
−1.06

	
−0.48

	
−0.52

	
−2.64

	
−1.97

	
−2.16




	
Y5303

	
0.40

	
0.57

	
0.93

	
0.54

	
1.01

	
1.19

	
−6.30

	
−5.66

	
−4.84




	
Y5304

	
−1.34

	
−1.49

	
−1.14

	
−1.22

	
−1.36

	
−1.54

	
−8.88

	
−8.65

	
−8.55




	
Y5307

	
0.97

	
0.05

	
0.41

	
1.30

	
1.06

	
2.03

	
0.46

	
0.27

	
0.37




	
Y5308

	
1.09

	
0.51

	
1.08

	
−0.54

	
0.04

	
0.03

	
7.22

	
7.18

	
7.03




	
Y5329

	
−1.12

	
−1.73

	
−1.17

	
−3.29

	
−3.09

	
−3.74

	
−3.91

	
−4.66

	
−5.11




	
Y5334

	
−0.54

	
−1.08

	
−0.73

	
−0.64

	
−0.64

	
−1.11

	
−4.78

	
−4.68

	
−4.55




	
Y5335

	
−7.80

	
−7.88

	
−7.25

	
−7.03

	
−7.52

	
−7.82

	
−2.12

	
−2.65

	
−2.98




	
Y5339

	
0.19

	
0.44

	
0.37

	
1.43

	
2.18

	
1.99

	
−1.69

	
−1.61

	
−1.31




	
Y5341

	
0.19

	
−0.46

	
0.32

	
0.10

	
0.40

	
1.01

	
1.72

	
1.64

	
1.64




	
Y5342

	
−1.06

	
−1.44

	
−1.22

	
−4.33

	
−3.57

	
−3.90

	
1.96

	
2.34

	
1.54




	
Y5346

	
−1.11

	
−1.18

	
−1.17

	
−3.28

	
−2.50

	
−2.90

	
1.16

	
1.93

	
0.52




	
Y5349

	
−0.01

	
−0.61

	
−0.29

	
−0.35

	
−0.10

	
−0.38

	
−11.12

	
−10.56

	
−11.87




	
Y5365

	
−3.95

	
−4.47

	
−4.24

	
−5.21

	
−5.15

	
−5.67

	
−5.67

	
−6.02

	
−6.50




	
Y5372

	
0.12

	
0.28

	
0.89

	
0.73

	
1.26

	
1.50

	
−7.25

	
−6.55

	
−6.88




	
Y5376

	
−0.77

	
−0.77

	
−0.29

	
1.09

	
1.11

	
1.35

	
1.06

	
0.98

	
1.11




	
Y5379

	
−0.41

	
−0.66

	
−0.34

	
−0.58

	
−0.39

	
−0.43

	
−4.52

	
−4.73

	
−4.58




	
Y5386

	
0.29

	
0.15

	
−0.65

	
−0.37

	
−0.20

	
−0.73

	
1.29

	
1.01

	
0.91




	
Y6701

	
−1.40

	
−1.70

	
−1.33

	
−0.81

	
−0.86

	
−1.02

	
1.60

	
0.87

	
0.66




	
Y6712

	
−0.26

	
−0.76

	
−0.43

	
−3.23

	
−2.57

	
−3.64

	
1.04

	
0.31

	
−0.32




	
Y6714

	
0.10

	
0.05

	
0.88

	
−1.31

	
−1.02

	
−1.46

	
−2.48

	
−2.69

	
−2.99




	
Y6715

	
1.23

	
1.09

	
1.68

	
1.14

	
1.45

	
1.35

	
−4.92

	
−4.93

	
−4.98




	
Y6718

	
0.95

	
0.91

	
1.44

	
0.85

	
1.36

	
1.08

	
−10.25

	
−9.52

	
−11.04




	
Y6721

	
1.77

	
1.33

	
1.36

	
1.83

	
1.65

	
1.81

	
−0.06

	
0.05

	
−0.27




	
Y6723

	
−0.47

	
−0.83

	
−2.08

	
−2.10

	
−2.07

	
−2.49

	
3.09

	
2.82

	
3.35




	
Y6724

	
−6.12

	
−5.81

	
−5.26

	
−7.71

	
−7.05

	
−7.64

	
−2.04

	
−1.37

	
−1.88











 





Table 2. Summary of the RMSE error and improvement rate statistics of the temperature data assessment.
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RMSE/°C

	
RMSE Improvement Rate/%




	
ERLT

	
ERAT

	
CMFDT

	
R-ERLT

	
R-ERAT

	
R-CMFDT

	
ERLT

	
ERAT

	
CMFDT






	
January

	
3.77

	
4.03

	
3.97

	
3.14

	
3.30

	
2.66

	
16.75

	
17.97

	
32.94




	
February

	
3.87

	
3.67

	
3.34

	
2.43

	
3.27

	
2.14

	
37.06

	
10.86

	
36.08




	
March

	
3.50

	
3.98

	
2.46

	
2.51

	
3.17

	
1.42

	
28.31

	
20.39

	
42.10




	
April

	
3.34

	
4.53

	
2.21

	
1.32

	
3.36

	
1.01

	
60.46

	
25.79

	
54.31




	
May

	
3.07

	
4.48

	
2.00

	
1.30

	
3.25

	
0.95

	
57.59

	
27.57

	
52.43




	
June

	
2.97

	
4.67

	
2.08

	
1.21

	
3.59

	
0.97

	
59.24

	
23.20

	
53.15




	
July

	
2.86

	
4.62

	
2.42

	
1.23

	
3.72

	
1.08

	
56.81

	
19.45

	
55.34




	
August

	
2.82

	
4.32

	
2.48

	
1.38

	
4.22

	
1.12

	
51.28

	
2.24

	
54.62




	
September

	
2.74

	
4.01

	
2.56

	
1.38

	
3.63

	
1.31

	
49.55

	
9.49

	
48.68




	
October

	
3.53

	
4.57

	
2.21

	
1.54

	
3.06

	
1.25

	
56.48

	
33.01

	
43.20




	
November

	
3.32

	
4.90

	
2.53

	
1.80

	
3.52

	
1.37

	
46.00

	
28.09

	
45.83




	
December

	
3.58

	
4.78

	
3.15

	
2.47

	
4.39

	
2.04

	
31.07

	
8.19

	
35.25











 





Table 3. Summary of the RMSE error and improvement rate statistics of the precipitation data assessment from 1979 to 2018.
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RMSE/mm

	
RMSE Improvement Rate/%




	

	
ERLP

	
ERAP

	
CMFDP

	
R-ERLP

	
R-ERAP

	
R-CMFD

	
ERLP

	
ERAP

	
CMFDP






	
January

	
5.92

	
5.62

	
5.30

	
3.10

	
4.28

	
4.97

	
47.69

	
23.86

	
6.26




	
February

	
6.69

	
6.67

	
2.37

	
2.60

	
3.26

	
2.04

	
61.10

	
51.14

	
13.69




	
March

	
11.84

	
12.06

	
4.97

	
4.82

	
6.12

	
3.81

	
59.33

	
49.24

	
23.20




	
April

	
14.66

	
15.26

	
5.13

	
5.43

	
6.14

	
5.04

	
62.96

	
59.78

	
1.76




	
May

	
15.12

	
16.34

	
6.79

	
7.94

	
10.18

	
6.63

	
47.45

	
37.69

	
2.38




	
June

	
15.15

	
16.22

	
7.80

	
10.83

	
12.79

	
7.53

	
28.51

	
21.13

	
3.53




	
July

	
15.13

	
16.57

	
9.75

	
13.55

	
18.52

	
9.78

	
10.48

	
−11.76

	
−0.34




	
August

	
10.79

	
11.64

	
6.72

	
10.57

	
13.28

	
6.63

	
2.01

	
−14.10

	
1.35




	
September

	
10.85

	
11.24

	
5.00

	
6.04

	
7.42

	
4.79

	
44.35

	
34.04

	
4.10




	
October

	
13.01

	
13.15

	
6.84

	
5.71

	
7.22

	
6.30

	
56.08

	
45.09

	
7.84




	
November

	
14.45

	
14.20

	
5.79

	
5.87

	
7.23

	
5.92

	
59.41

	
49.06

	
−2.35




	
December

	
8.84

	
8.34

	
5.82

	
3.94

	
4.97

	
5.70

	
55.38

	
40.44

	
2.17











 





Table 4. Summary of the RMSE error statistics of the precipitation data assessment from 1998 to 2018.
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RMSE/mm




	
ERLP

	
ERAP

	
CMFDP

	
TRMM

	
R-ERLP

	
R-ERAP

	
R-CMFD






	
January

	
3.98

	
3.72

	
6.94

	
4.28

	
3.46

	
5.15

	
6.34




	
February

	
5.75

	
5.90

	
2.52

	
5.43

	
2.84

	
3.70

	
2.13




	
March

	
13.11

	
13.41

	
5.96

	
7.86

	
5.77

	
7.04

	
4.59




	
April

	
16.18

	
16.87

	
6.46

	
8.59

	
6.16

	
6.97

	
6.30




	
May

	
13.09

	
14.12

	
7.94

	
8.03

	
8.09

	
10.12

	
7.55




	
June

	
13.52

	
14.29

	
7.91

	
13.30

	
12.63

	
12.26

	
7.47




	
July

	
15.80

	
17.07

	
9.51

	
15.18

	
13.92

	
18.14

	
9.62




	
August

	
11.73

	
12.62

	
7.09

	
9.55

	
12.23

	
12.06

	
7.02




	
September

	
8.43

	
8.55

	
4.90

	
6.85

	
5.35

	
6.70

	
4.77




	
October

	
12.64

	
12.81

	
8.51

	
9.06

	
6.18

	
8.17

	
8.21




	
November

	
10.77

	
10.42

	
5.77

	
8.78

	
6.70

	
8.45

	
5.94




	
December

	
6.56

	
6.33

	
5.96

	
6.53

	
4.39

	
5.55

	
5.60
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