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Near-surface wind is one of the most important meteorological parameters. Near-surface wind grid products are an

important part of live analysis products . Reliable near-surface wind products have an important role in the monitoring,

prediction, and study of wind disasters. The evaluation of near-surface wind products can provide the direction for

improving the data quality for Hainan, provide basic support for fine-grid forecasting and meteorological services, and help

to reduce the losses that are caused by wind disasters.
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1. Introduction

Near-surface wind is one of the most important meteorological parameters. It is a major factor in various industries of

economic importance, such as agriculture, fishery, transportation, construction, and water conservancy engineering.

Hainan Province is located at the southernmost tip of China, and it includes Hainan Island and more than two million

square kilometers of the South China Sea. Owing to these geographical features, wind disasters occur frequently in

Hainan Province, so near-surface wind data are particularly important for Hainan. Although the site observations are

accurate, simple site observations cannot meet data needs in areas with sparse sites, such as complex topographic areas

and large sea areas . With the improvement of numerical models and model interpretation techniques and the

diversified requirements of meteorological service requirements, refined grid forecasts have gradually replaced traditional

site forecasts. Grid live analysis products are the basis of refined grid forecasts , and they have been widely used in

meteorological disaster monitoring, transportation, tourism, agriculture, and other refined meteorological services that are

closely related to people’s livelihood . Comprehensive evaluation needs to be used to judge whether the live

analysis products can reflect the actual state of the atmosphere and if they can be used in weather forecasting and

meteorological services . Near-surface wind products are an important part of live analysis products . Reliable

near-surface wind products have an important role in the monitoring, prediction, and study of wind disasters. The

evaluation of near-surface wind products can provide the direction for improving the data quality for Hainan, provide basic

support for fine-grid forecasting and meteorological services, and help to reduce the losses that are caused by wind

disasters.

Data fusion products have been developed in several countries, including the Fifth Generation Global Atmospheric

reanalysis data (ERA5) developed by the European Center for medium range weather forecasting (ECMWF), the Interim

ECMWF Re-Analysis product (ERA-Interim), the Japanese 55-year Reanalysis (JRA55), the Modern Era Retrospective

Analysis for Research and Applications-2 (MERRA2), the National Centers for Environmental Prediction (NCEP)/National

Center for Atmospheric Research (NCAR), and so on . Many studies have evaluated these data products.

Previous studies have shown that the ERA5 surface wind data show the best agreement with in situ observations when

compared with ERA-Interim, JRA55, MERRA2, and NCEP/NCAR Reanalysis 1 (R1) . ERA5 has the best performance

in terms of the monthly average wind speed magnitude and the interannual variability of near-surface wind speed since

1979 in the Antarctic region . When compared with ERA-Interim, ERA5 is more consistent with observations in terms of

average wind speed and gust measurements in Sweden, but there are still significant differences in inland and

mountainous areas . ERA5 performs better than ERA-Interim in terms of instantaneous root-mean-square wind speed

agreement, mean, and transient wind errors when compared with the ASCAT ocean vector wind observations . There

are also studies that have evaluated the applicability of data fusion products in China . ERA-Interim, JRA55, MERRA,

and NCEP-2 can reproduce the spatial distribution of the near-surface wind speed and the climatology, but they

underestimate the intensity of the near-surface wind speed in most parts of China . Among the surface elements of

ERA5, the sea-level pressure and air temperature have the best reproducibility, followed by the relative humidity and wind

speed, although the wind speed deviates greatly over coastal areas, and the wind direction has the worst reproducibility

.
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In China, the National Meteorological Information Center (NMIC) developed the High-Resolution China Meteorological

Administration (CMA) Land Data Assimilation System (HRCLDAS) . It can generate high-resolution grid data

products of 0.01° × 0.01° in real time. HRCLDAS data products were released in 2020. Because of its short research and

development time, there is still a lack of research evaluating its quality, and the understanding of its accuracy and

authenticity in the special geographical environment of Hainan Island and the South China Sea is limited. Therefore, there

is an urgent need for a comprehensive inspection and evaluation. To more accurately judge the quality of HRCLDAS

products, they need to be compared with data fusion products that are widely recognized and used around the world.

2. Surface Meteorological Observation Data

The surface meteorological observation data include the two-minute average wind speed and two-minute average wind

direction data after quality control for Hainan Province from 3 April to 31 October 2020 (Table 1). The Hainan

Meteorological Information Center provided the data, and they were obtained from the National Comprehensive

Meteorological Information Sharing Platform through the MUSIC interface. The stations include two national climate

observatories, three national reference climate stations, four national basic meteorological stations, 12 national

meteorological observatories, 383 conventional meteorological observatories, and six offshore buoy stations. Figure 1

shows the station distribution.

Figure 1. Distribution of ground automatic meteorological observation stations in Hainan Province.

Table 1. Information on surface meteorological observation data.

Position Element Time Interval Number of Stations Time Range

Surface 10 m wind speed (2 min average),
10 m wind direction (2 min average) Hourly 410 stations of Hainan Province 3 April–31 October 2020

3. ERA5 Near Surface Wind Data Product

The ERA5 reanalysis data are the latest generation of reanalysis data that were developed by the ECMWF. ERA5 is

substantially upgraded and improved when compared with its predecessor ERA-Interim , and it is currently open

access. The latitude and longitude grid resolution of the ERA5 reanalysis data is 0.25° × 0.25°, and the time resolution is

1 h. The data are downloaded from the C3S Climate Data Storage (CDS) through ECMWF Web API using Python scripts

(Table 2).

Table 2. Information on ERA5 and HRCLDAS data.

Item Position Element Resolution/° Time interval Time Range

ERA5 Surface 10 m U wind, 10 mV wind 0.25 Hourly 3 April–31 October 2020

HRCLDAS Surface 10 m U wind, 10 mV wind 0.01 Hourly 3 April–31 October 2020
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4. HRCLDAS Near Surface Wind Data Product

HRCLDAS is a high-resolution land surface data assimilation system that was developed by the National Meteorological

Information Center of the CMA. The system uses multiple grid variational technology  and a terrain correction

algorithm, combined with numerical prediction data, satellite data, and site observation data, to generate atmospheric-

data-driven products . The latitude and longitude grid resolution of the HRCLDAS data (Table 2) is 0.01° × 0.01°, and

the time resolution is 1 h. The data were obtained from the CMA Data Service Centre.

5. Analysis of Time Series Variation

The time series of the daily average wind speed (Figure 2a), wind orientation (Figure 2e), U wind component (Figure 2i),

and V wind component (Figure 2m) for Hainan Island and the South China Sea from April to October 2020 were analyzed.

The trend of the ERA5 and HRCLDAS wind products over time is basically the same as the observation data trend. For

the HRCLDAS data, the time series of the four wind products closely follow the observations. However, the ERA5 data

show a much larger variation for the four wind products when compared with the observations: the wind speed is

significantly overestimated, but the wind direction is close to the observations; the U component is underestimated most of

the time, and the V component is significantly overestimated.

Figure 2. Time series of daily average near-surface (a) wind speed, (e) wind direction, (i) U component, and (m) V
component; RMSE time series of (b) wind speed, (f) wind direction, (j) U component, and (n) V component; COR time

series of (c) wind speed, (g) wind direction, (k) U component, and (o) V component; bias time series of (d) wind speed,

(h) wind direction, (l) U component, and (p) V component.

Figure 2b,f,j,n shows the time series charts of the daily average RMSE for wind speed, wind direction, U component, and

V component, respectively. The RMSE of the four wind products for HRCLDAS is lower than that for ERA5. From April to

September, the RMSE of the HRCLDAS wind speed was largely within the range from 0.2 to 1 m s , and the RMSE of

the ERA5 wind speed was mostly within the range from 1 to 4 m s . The wind speed in October was significantly higher

than that from April to September, and the RMSE of HRCLDAS also improved in October, with values between

approximately 1 and 2 m s . The RMSE of ERA5 improved more significantly than HRCLDAS in October, with values that

were between approximately 3 and 6 m s . From April to September, the RMSE of the HRCLDAS wind direction was

mainly concentrated between 30° and 60°, and the RMSE of the ERA5 wind direction was mainly concentrated in the

range from 60° to 90°. In October, the RMSE of both wind directions decreased significantly, and the decrease of ERA5

was greater than that of HRCLDAS. The RMSE of the HRCLDAS U and V components was similar to that of wind speed,

and most were within 1 m s . For ERA5, the RMSE of the V component was obviously larger than that of the U
component, and the variation was larger.
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The daily average COR of HRCLDAS wind speed from April to October (Figure 2c) was mostly between 0.9 and 1.0, while

that of ERA5 was mostly below 0.6. The COR of the wind direction of the two datasets (Figure 2g) was lower than that of

the wind speed, the COR of HRCLDAS was between 0.4 and 0.8, and that of ERA5 was less than 0.4 with occasional

negative correlations. The COR of the U component (Figure 2k) and V component (Figure 2o) for the HRCLDAS data

were similar, whereas the COR of the V component for the ERA5 data was slightly better than that of the U component.

Figure 2d,h,l,p, show the time series diagrams of the daily average bias of wind speed, wind direction, U component, and

V component, respectively. The bias of HRCLDAS from April to October was less than that of ERA5. For wind speed, the

HRCLDAS data showed a negative bias from April to September, and the bias increased significantly in October, which

showed a positive bias. For the wind direction, the bias of HRCLDAS and ERA5 was mostly positive, the bias of

HRCLDAS was less than 6°, and the bias of ERA5 varied more dramatically over time, mostly between 0° and 30°. For

the U and V components, the bias between HRCLDAS and the observation data were all approximately 0° without distinct

variability. The U component of the ERA5 data showed mostly a negative bias, whereas the V component mostly showed

a positive bias, and the bias of V component was larger than that of the U component.

In general, for daily average wind speed, wind direction, U component, and V component, HRCLDAS was closer to the

observations than ERA5, with a lower RMSE, smaller bias, and higher COR.

6.  Comparative Analysis of Land and Sea

The performance of the two wind data products from April to October 2020 for Hainan Island land stations and island

stations, respectively, were evaluated to analyze the performance of ERA5 and HRCLDAS wind products over land and

sea. There are 70 island stations in Hainan Province, and Figure 3 shows the evaluation results.

Figure 3. Evaluation indicators of ERA5 and HRCLDAS for land and sea. Bias of near-surface wind speed (a), wind

direction (d), U component (g), and V component (j); RMSE of near-surface wind speed (b), wind direction (e),

U component (h), and V component (k); COR of near-surface wind speed (c), wind direction (f), U component (i), and

V component (l).

In general, HRCLDAS wind products had a smaller bias, smaller RMSE, and larger COR for both land and sea islands

when compared with ERA5. The quality of the HRCLDAS and ERA5 wind products for islands was slightly better than that

for land.
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