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Abstract 
Accurate and high-resolution 
gridded climate data are crucial 
for scientific applications, yet 
such data have long faced 
limitations due to sparse and 
uneven station networks. In this 
study, we address this gap for 
Vietnam by developing the 
Vietnam Historical Gridded 
Climate (VnHGC) dataset, which 
for the first time combines an 
expanded suite of historical 
station observations, including 
newly digitized and quality-
controlled records with state-of-
the-art reanalysis products 
through Optimal Interpolation 
(OI). Two products were 
constructed: a monthly dataset 
for 1940–1953 with a horizontal 
resolution of 25 km based on the 
background field of ERA5, and a 
daily dataset for 1961–1980 with a 
horizontal resolution of 10 km 
based on the background field 
of ERA5-LAND. Historical 
observations were bias-
corrected and assimilated into 
the background fields to 
maximize local 
representativeness, especially in 
data-poor regions. In general, 
evaluation against independent 
station data shows that VnHGC 
substantially reduces systematic 
biases and better resolves 
regional patterns of temperature 
and precipitation, with the 
greatest improvements in 
northern and mountainous 
areas where reanalyses typically 
underperform. These 
improvements are especially 
pronounced in the daily dataset 
(1961–1980), reflecting the 
combined effects of higher 
temporal resolution and greater 
station availability. 
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gridded dataset, climate data, 
Vietnam 
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Résumé 
Des données climatiques 
maillées précises et à haute 
résolution sont essentielles pour 
de nombreuses applications 
scientifiques, mais elles ont 
longtemps été limitées par la 
rareté et la répartition inégale 
des stations d’observation. Dans 
cette étude, nous comblons 
cette lacune pour le Vietnam en 
développant le Vietnam 
Historical Gridded Climate 
(VnHGC) dataset, qui combine 
pour la première fois un 
ensemble élargi d’observations 
historiques provenant de 
stations, incluant des données 
d'archives récemment 
numérisées et contrôlées en 
qualité, avec des produits de 
réanalyse de pointe grâce à 
l’Interpolation Optimale (OI). 
Deux produits ont été élaborés : 
un jeu de données mensuelles 
couvrant la période 1940–1953 
avec une résolution horizontale 
de 25 km, basé sur le champ de 
fond d’ERA5, et un jeu de 
données journalières couvrant 
1961–1980 avec une résolution 
horizontale de 10 km, basé sur le 
champ de fond d’ERA5-LAND. Les 
observations historiques ont été 
corrigées des biais et assimilées 
dans les champs de fond afin de 
maximiser leur représentativité 
locale, notamment dans les 
régions pauvres en données. De 
manière générale, l’évaluation 
par rapport à des stations 
indépendantes montre que 
VnHGC réduit considérablement 
les biais systématiques et 
représente mieux les structures 
régionales de la température et 
des précipitations, avec des 
améliorations particulièrement 
marquées dans les régions 
septentrionales et 
montagneuses où les réanalyses 
présentent généralement des 
performances moindres. Ces 

améliorations sont encore plus 
nettes pour le jeu de données 
journalières (1961–1980), ce qui 
reflète les effets combinés d’une 
résolution temporelle plus fine et 
d’une disponibilité accrue des 
stations. 

Mots-clés 
jeu de données sur grille, 
données climatiques, Vietnam 
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Introduction  

Accurate and high-resolution 

meteorological data are essential for a 

wide range of scientific studies. Although 

station-based observations are regarded 

as the most reliable, their sparse and 

uneven distribution limits their 

applicability for fine-scale analyses. 

Therefore, the development of long-term, 

high-resolution, and consistent gridded 

datasets for meteorological variables, 

especially for rainfall and temperature, is 

of significant importance. 

Gridded datasets offer several 

advantages. They provide valuable 

climate information in regions with limited 

data availability and ensure spatial 

uniformity, simplifying spatial averaging 

and large-scale analyses. They can also 

serve as inputs for various applications, 

such as extreme events analysis 

(Bhattacharyya et al., 2021), hydrological 

modeling (Hong et al., 2007), assessment 

of crop response to weather variability 

(Parkes et al., 2019), and validation of 

climate models (Trinh et al., 2021). 

Additionally, they are well-suited for 

studies employing pattern recognition 

techniques like Empirical Orthogonal 

Functions (EOF). For instance, using the 

Vietnam Gridded Precipitation (VnGP) 

dataset (Nguyen-Xuan et al., 2016), Tuan 

(2019) applied EOF analysis to investigate 

rainfall patterns in Vietnam, revealing that 

intra-seasonal rainfall variations differ 

across regions and are strongly 

influenced by local topography.  

Despite the critical need for high-

resolution meteorological data, the 

limitations posed by observational gaps 

and limited resources pose a significant 

challenge in producing globally 

consistent and detailed datasets. A well-

known source for global gridded datasets 

is the reanalysis products from the 

European Centre for Medium-Range 

Weather Forecasts (ECMWF). These 

products include the fifth-generation 

atmospheric reanalysis (ERA5) with a 

spatial resolution of 0.25° (~25 km; 

Hersbach et al., 2020) and its land-focused 

replay with a finer spatial resolution of 0.1°, 

ERA5-Land (~10 km; Muñoz-Sabater et al., 

2021). Both datasets are widely used for 

various research topics, but their 

resolution and accuracy may still be 

insufficient for local-scale studies. 

Therefore, many efforts have been made 

to develop regionally high-resolution 

datasets (Aybar et al., 2019; Serrano-

Notivoli et al., 2017; Lussana et al., 2018). 

These efforts encompass a range of 

objectives and methodologies. For 

example, Aybar et al. (2019) created a 

gridded rainfall dataset for Peru at a 

resolution of 0.1° spanning 1981 to the 

present. Serrano-Notivoli et al. (2017) 

developed the Spanish PREcipitation At 

Daily scale (SPREAD) dataset, a 5 km daily 

precipitation product for Spain based on 

over 12,800 stations on the mainland and 

islands. Even higher-resolution datasets 
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exist, such as seNorge2, which provides 

1 km daily precipitation fields for mainland 

Norway from 1957 onward, offering 

valuable inputs for climate and 

hydrological studies in complex terrain 

(Lussana et al., 2018). 

In Vietnam, there are still relatively few 

gridded datasets that are specifically 

constructed for applications from 

regional to local scales. Certain studies 

used data from ERA5 and ERA5-LAND, but 

the accuracy of these datasets in Vietnam 

remains a concern. For instance, Roversi et 

al. (2024) reported that ERA5-LAND 

struggled to capture extreme rainfall 

events in 2020 in Vietnam. Nguyen-Xuan et 

al. (2025) conducted an analysis for Hanoi 

and Ho Chi Minh City, revealing that ERA5 

exhibited poorer temperature patterns 

compared to an observation-based 

gridded product, the daily Vietnam 

Gridded Climate Dataset (VnGC) (Tran-

Anh et al., 2023). Nguyen-Xuan et al. (2025) 

also found that both ERA5 and VnGC failed 

to capture stational patterns when 

compared to stational observations. Cold 

biases were observed in high-density 

cities, while warm biases were found in 

mountainous areas, with the biases in 

ERA5 being more pronounced. The biases 

were partly attributed to the coarse 

spatial resolutions of VnGC (10 km) and 

ERA5 (25 km), which do not allow these 

datasets to fully capture urban heat island 

effects, as simulations conducted at 

higher resolution (2km) showed improved 

performance. It is worth noting that the 

VnGC is created at a higher resolution 

than ERA5 and is based on a denser 

density of station observations. The biases 

observed in VnGC may also be attributed 

to the interpolation method used to create 

the data, which could have potentially 

smoothed out signals from certain 

stations in specific areas.  

Satellite-based observations, in addition 

to reanalysis data, also serve as an 

important source of meteorological 

information. They are particularly useful in 

locations where rain gauges are scarce, 

as suggested by Vu et al. (2012), Ngo-Duc 

et al. (2013), and Hiep et al. (2018). However, 

the accuracy of satellite data can vary 

significantly, especially in areas with 

complex topography. Consequently, 

applying bias correction is recommended 

to enhance the reliability of satellite 

outputs (Ngo-Duc et al, 2013; Nguyen et al., 

2024; Le et al., 2024). Other datasets, such 

as CHIRPS (Funk et al., 2015) and GSMaP 

(Kubota et al., 2020), are developed by 

blending satellite and gauge-based data. 

However, these datasets rely on a limited 

number of rain gauges in Vietnam, 

potentially leading to higher uncertainty, 

particularly in regions with few or no in-

situ observations. 

To address the scarcity of reliable gridded 

rainfall datasets for Vietnam, several 

studies have been conducted to develop 

such datasets. Nguyen-Xuan et al. (2016) 

developed the first high-resolution (10-km) 

daily dataset of rainfall, utilizing nearly 500 
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rain gauges and spanning the period from 

1980 to 2010. This dataset, known as the 

Vietnam Gridded Precipitation dataset 

(VnGP), has gained significant recognition 

and has been widely used in various 

studies. For instance, it has been 

employed in validating the performance 

of climate and hydrological models (Trinh 

et al., 2021; Tran et al., 2025), assessing the 

skill of precipitation forecasts (Main et al., 

2024), validating satellite-based rainfall 

estimates (Nodzu et al., 2019; Trinh-Tuan et 

al., 2019b), exploring the relationship 

between large-scale climate patterns 

and local rainfall variability (Bui-Minh et al., 

2024), investigating atmospheric 

mechanisms associated with rainfall 

changes in central Vietnam (Van et al., 

2023), and studying the onset of the 

second rainy season in the Central 

Highlands (Bui-Manh et al., 2021). Beyond 

its direct applications, the VnGP dataset 

serves as a valuable reference for 

constructing transfer functions for 

correcting bias in future rainfall 

projections (Trinh-Tuan et al., 2019a). Its 

creation methodology has been applied 

in the development of the 

aforementioned VnGC dataset (Tran-Anh 

et al., 2023). 

In this study, we present a novel gridded 

dataset for Vietnam, utilizing newly 

collected data from multiple sources, 

including historical station records 

spanning from 1940 to 1980. We employed 

a data assimilation method to adapt to 

the features of the newly collected data. 

This dataset, which covers daily and 

monthly rainfall and temperature data, 

extends the coverage period beyond the 

VnGP (1980–2010) and VnGC (1980–2019), 

enabling researchers to conduct studies 

spanning extended historical periods. 

Specifically, we have constructed two 

datasets, including: 1) a daily dataset 

covering 1961 to 1980; and 2) a monthly 

dataset covering the period from 1940 to 

1953.   These new datasets, named the 

Vietnam Historical Gridded Climate 

(VnHGC) dataset, offer valuable insights 

into past temperature and precipitation 

patterns and their potential connections 

to natural and societal conditions. It is 

worth noting that a parallel effort to 

develop a more recent gridded dataset 

(1980–present) is currently underway in 

collaboration with the Institute of 

Meteorology, Hydrology and Climate 

Change (IMHEN), based on a much denser 

station network. Therefore, the present 

work, which focuses on the period prior to 

1980, serves as a complementary 

contribution. 

The paper is organized as follows. Section 

1 describes the data sources and 

methodology. Section 2 presents the 

performance evaluation, and Section 3 

concludes with a concise summary. 
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1. Data and Methodology  

1.1. Station data 

In this study, we use two sets of station data. The first dataset, referred to as OBS-1, includes 

daily temperature and rainfall observations from up to 147 stations spanning the period from 

1961 to 1980. The data were collected from the Vietnam Meteorological Hydrological 

Administration (VNMHA) and pre-processed by IMHEN. Figure 1 presents a comprehensive 

analysis of the data availability statistics. It indicates a gradual increase in the number of 

available stations over time, with a notable rise occurring after 1975. Notably, the number of 

temperature stations was consistently lower compared to the number of rainfall stations. 

Furthermore, Figure 1 reveals that stations in North Vietnam provided data for a substantial 

portion of the time, ranging from 60% to over 90%, during the period from 1961 to 1980. This 

coverage is significantly higher than in the South, where time coverage was generally below 

30% due to the historical impacts of the Vietnam war (1954-1975).   

The second dataset, referred to as OBS-2, comprises monthly temperature and rainfall 

observations collected and digitized from historical archives spanning the period 1922–1953. 

Derived from the Annuaire Statistique de l’Indochine (ASI; Thomas & Nguyen, 2024a), this 

dataset represents a novel and unique historical resource that has not previously been used 

for analyzing Vietnamese climatology. The ASI contains annual synthesis reports produced 

by the French administration, with the first chapter dedicated to climatological information. 

Similar to Figure 1, Figure 2 provides statistics on data availability (i.e., data collected and 

already digitized by our team) over the period 1922–1953, highlighting notable gaps caused 

not by a limited network of stations — there was already an extensive network of weather 

and rainfall stations in place during this period — but rather by a lack of resources to publish 

monthly weather data from each station on an annual basis. For example, the first volume 

of the ASI, published in 1927, chose to publish the average monthly temperature and 

precipitation data from 17 weather stations for the period from 1906 to 1922 (rather than 

monthly data for each year). However, this volume did publish monthly data from the same 

stations for the year 1922. Volume 2, published in 1931, which was supposed to cover the 

period from 1923 to 1929, made the editorial choice to publish the average monthly 

temperature and precipitation data from 53 stations for periods that varied depending on 

the station. It was not until the third volume that monthly data were published more 

systematically on a year-by-year basis. These editorial choices, which were justified by the 

desire to establish monthly averages for temperature and precipitation over long periods in 

order to better understand the climates of the Indochina Peninsula, explain the numerous 
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gaps in Figure 2 for the 1920s. Additionally, as illustrated in Figure 2, the archive includes data 

from Cambodia, Laos, and Vietnam, which may slightly dilute the focus on Vietnam.  

These discontinuities are expected to be resolved through the ongoing integration of 

additional digitized sources, such as the Bulletin mensuel des observations (Thomas and 

Nguyen, 2024b). Notably, the historical station dataset used here was recovered from 

archival holdings and is more thoroughly examined in Thomas et al. (2025). The data are now 

accessible online1, albeit currently under embargo, and will ultimately be released as open 

access, thereby facilitating broader scientific use. As we continue to digitize and integrate 

additional historical datasets, we anticipate expanding these gridded climatological 

datasets for Vietnam in the future. 

Figure 1. Statistics of OBS-1’s data availability. 

 

Note: (I) number of available stations per day (unit: stations/day) during the period 1961–1980; and (II) percentage of 

usable data (unit: %) at each station during 1961–1980, estimated separately for temperature (II-a) and rainfall (II-b). 

Source: data collected from the VNMHA. Authors’ own visualization, original. 

 
1https://dataverse.ird.fr/dataverse/climate_vietnam_cambodia_laos 
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Figure 2. Statistics of OBS-2’s data availability. 

 

Note: (I) the number of stations with data already digitized at each month (unit: stations/month) during the period 

1922–1953; and (II) the percentage of usable data (unit: %) at each station during the period 1922–1953 (left sub-

panels) and 1940–1953 (right sub-panels) estimated separately for temperature (top sub-panels) and rainfall 

(bottom sub-panels). Source: data collected from the ASI. Authors’ own visualization, original.  
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1.2. ERA5 and ERA5-Land  

Traditional interpolation methods, such as Spheremapping used in VnGC and VnGP, typically 

yield more accurate results when a larger number of stations are used in the interpolation 

process. However, this approach may introduce inconsistencies in the results if the number 

of available stations varies over time or if the spatial distribution of stations is unevenly 

distributed and differs between time steps. As discussed in the previous section, our 

stationary datasets, OBS-1 and OBS-2, exhibit distinct characteristics, and both datasets 

experience a notable temporal fluctuation in the availability of stations. Therefore, the 

conventional interpolation method may not be suitable for our case. Instead, the data 

assimilation technique, which essentially employs station data to enhance a pre-prepared 

background field, emerges as a more appropriate approach. A detailed explanation of this 

technique will be provided in the subsequent section, but here, we briefly introduce the data 

used as the background field. 

For use with OBS-1, spanning from 1961 to 1980, the ERA5-Land dataset (Muñoz-Sabater et al., 

2021) was chosen. Developed by the ECMWF under the Copernicus Climate Change Service 

(C3S), ERA5-Land is an enhanced global land dataset that provides hourly data at a high 

horizontal resolution of approximately 10 kilometers. This dataset covers the period from 1950 

to the present. For this study, ERA5-Land data were obtained from the Copernicus Climate 

Data Store (CCDS) at an hourly resolution and adjusted to Local Solar Time (GMT+7). 

Subsequently, daily accumulated rainfall and mean temperature were calculated over a 

24-hour period, starting from 19:00 PM of one day and ending at 19:00 PM of the next, in 

accordance with the real-world observation practice in Vietnam. The grid of the 10-kilometer 

resolution of ERA5-Land was retained in the gridded datasets constructed for this period. 

For OBS-2, spanning back to 1922, data availability constraints prevented the use of ERA5-

Land, which is only available from 1950 onward. Instead, ERA5 monthly reanalysis data were 

utilized. Developed by the ECMWF within the same C3S framework, ERA5 provides global 

coverage from 1940 onward and is available at both hourly and monthly time scales 

(Hersbach et al., 2019). While its horizontal resolution (~25 km) is coarser than that of ERA5-

Land, ERA5 covers a longer historical period and includes both surface and pressure-level 

variables. In this study, we also use the monthly mean data obtained from the CCDS.  

Although OBS-2 extends back to 1922, the period covered by ERA5 (from 1940 onward) limits 

the temporal coverage of the new VnHGC dataset built in this study to start in 1940. 
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1.3. Methodology 

We employ the widely known data assimilation technique, Optimal Interpolation (OI), as 

described by Kalnay (2003), with a few slight modifications to accommodate the unique 

characteristics of our dataset. OI is particularly advantageous because it integrates 

observations with a priori estimates, known as the background, to produce a more accurate 

estimate of a field by minimizing the error variance. As illustrated in Figures 1 and 2, the 

availability of our station datasets, particularly in OBS-2 data, is limited over the two study 

periods and exhibits spatial inconsistency across the country. Consequently, rather than 

utilizing traditional interpolation methods, such as those employed in VnGC and VnGP, which 

heavily rely on the quantity and density of station observations, the OI algorithm, which 

primarily utilizes background data and enhances it with observations, is more appropriate 

for this study.  

OI has been extensively used due to its simplicity and effectiveness, as evidenced by 

previous studies in the field of data assimilation (e.g., Huang et al., 2020). Figure 3 provides a 

schematic diagram illustrating the overall computing process and primary equations 

employed in the OI technique. The main computation processes of OI are succinctly 

described in the following 8 steps: 

1. Input preparation: The input data include the background field from reanalysis 

products (i.e., ERA5-LAND or ERA5), denoted as xb, and the raw observations at 

stations, denoted as yo
raw. 

 

2. Perform bias correction on station observations: Observations in various fields often 

show sparsity, localization, and site-specific errors like sensor malfunctions. These 

biases are easier to identify and correct at the station level. Meanwhile, background 

data from reanalysis is spatially consistent and adjusted over time. Thus, simple bias 

correction of observations is essential to ensure discrepancies with the background 

are due to genuine variability rather than systematic errors. This enhances the 

reliability of interpolation processes. The bias corrected observations are obtained 

as: 

yo = yo
raw − mean(yo

raw − H(xb))  (1) 

where H(xb) is the “first guess” of the observations, i.e., the background is interpolated 

to the observation location with H being the operator that performs the necessary 

interpolation and transformation from xb to observation space. 
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3. Estimate correlation length: The correlation length (L) is a key parameter that 

determines the extent to which observations impact the background. Due to the 

significant temporal variation in the number of stations, which results in fluctuations 

in station density for interpolation, a cross-validation-based optimization is 

conducted at each time step. This process involves estimating L by fitting an 

empirical semivariogram using pairwise distances and squared differences.  

 

4. Estimate background and observation error variances: These variances are used to 

compute background (𝝐b
2) and observation (𝝐o

2) error covariance matrices, which 

are essential in determining how much weight is given to the background versus the 

observations when computing the OI analysis, xa, which is the best estimate of the 

true state. Although these variances are important in determining how much 

confidence you have in the background field compared to observations, estimating 

these variances is usually one of the most critical and challenging tasks in OI. For 

simplicity and to save computing resources, Bayesian estimation is used to infer 

background and observation error variances by analyzing how well different 

variance values explain the mismatch between observations and background. By 

minimizing cross-validation error or maximizing likelihood, we estimate the most 

probable variances, ensuring an optimal balance between model and observations 

based on their uncertainties. 

 

5. Compute background and observation error covariance matrices: The background 

(B) and observation (R) error covariance matrices are then computed as follows: 

B = 𝝐b
2.exp(−d2 / L2)   (2) 

R = diag(𝝐o
2)    (3) 

6. Compute Weights and Innovations: The weights, W, are a function of the distance 

between the observation and the grid point, and the analysis is iterated several 

times. In OI (Gandin, 1963), the matrix of weights W is determined from the 

minimization of the analysis errors at each grid point. The optimal weight matrix is 

used to minimize the analysis covariance: 

W = BHT(R + HBHT)-1   (4) 

The observational increments, or “innovations”, are calculated by subtracting the 

model’s first guess, H(xb), from the observation (yo), resulting in: 

yo - H(xb)     (5) 
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7. Perform OI to compute analysis field: the OI analysis, xa, is determined by adding the 

innovations to the first guess, with weights (denoted as W)  that are based on the 

estimated statistical error covariances of the background field and station 

observations: 

xa = xb + W[yo - H(xb)]   (6) 

The analysis field is then reshaped and written into NetCDF format. 

 

Figure 3. Schematic diagram illustrating the process for constructing the gridded climate dataset 

through the Optimal Interpolation (OI) method. 

 

Source: Authors’ own visualization. Original. 
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2. Results 

2.1. Evaluation for the period 1961–1980 

We commenced the quality assessment of the dataset by comparing the climatological 

means over the entire period and the seasonal climatological means between VnHGC, its 

driving background fields from ERA5-Land, and raw station observations. It’s important to 

note that for the 1961–1980 period, the VnHGC and ERA5-Land datasets were gridded at a 

daily temporal resolution with a horizontal resolution of 10-km. 

The results presented in Figures 4 I–III and 5 I–III reveal a striking similarity in climatological 

means across the datasets. Notably, the ERA5-LAND reanalysis consistently captures the 

spatial distribution of temperature and precipitation effectively during the study period. 

When comparing panels II and III in both Figures 4 and 5, the differences between ERA5-LAND 

and the newly developed VnHGC dataset are barely discernible by visual inspection. 

Moreover, both datasets exhibit a remarkably high level of agreement with station 

observations. 

The differences between the new VnHGC dataset and ERA5-LAND become evident when 

analyzing panels IV and V, which illustrate the mean difference (MD) and the mean absolute 

difference (MAD). In general, when comparing the MD and MAD values, the results for 

precipitation and temperature reveal distinct patterns. 

Temperature differences are most pronounced in northern regions, with mean variations 

reaching up to ±1.5 °C. In contrast, areas south of latitude 17° experience negligible 

temperature differences, except for localized zones in the Central Highlands. This disparity 

can be attributed to the limited station observations in southern regions, as discussed in 

relation to Figure 1. Consequently, the OI algorithm was largely inactive in these regions, 

resulting in ERA5-LAND results that remained largely unchanged. A similar situation is 

observed for daily precipitation. Furthermore, the magnitude of temperature differences 

between the two datasets is relatively consistent across both climatological and seasonal 

means. ERA5-LAND tends to overestimate temperature values in lowland areas and 

underestimate them in mountainous regions. 
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Figure 4. Spatial distribution of daily mean temperature (°C) averaged for 1961-1980. 

  

Note: (a) over the entire period, and (b-e) for each season (DJF, MAM, JJA, and SON). Data are estimated from (I) raw 

station observations OBS-1, computed only over the periods within 1961–1980 for which data are available, rather 

than from continuous series, (II) ERA5-LAND, and (III) new gridded VnHGC. Panels (IV) and (V) show the mean 

difference (MD) and mean absolute difference (MAD) between VnHGC and ERA5-LAND, respectively. Source: 

Authors’ own calculation, original. 
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Figure 5. Similar to Figure 4, but for daily rainfall (mm/day). 

 

Source: Authors’ own calculation, original. 

Precipitation data from Figures 5 IV and 5 V reveal significant differences between the two 

datasets, particularly in northern Vietnam, central Vietnam, and parts of the Central 

Highlands. These differences are most pronounced during the JJA months, which coincide 

with the peak rainfall season in these regions. In certain northern areas, particularly high 
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mountain regions, the 20-year JJA mean absolute difference (MAD) values can exceed 10 

mm/day. This suggests that ERA5-LAND either failed to capture or only weakly represented 

localized rainfall effects, which can only be accurately detected through station 

observations in such areas. VnHGC, on the other hand, incorporates station data that ERA5-

LAND may lack or be unable to represent at a 10 km resolution during the reanalysis process, 

thereby addressing this limitation. 

To further clarify the impact of OI on improving ERA5-LAND using station observations, both 

gridded datasets were interpolated to station locations using nearest-neighbor 

interpolation. In essence, VnHGC is almost certain to outperform ERA5-LAND when compared 

with station data, as this is the very purpose of the technique. This is also generally true for 

gridded datasets constructed using standard interpolation methods, as demonstrated in 

previous studies on VnGP (Nguyen-Xuan et al., 2016) and VnGC (Tran-Anh et al., 2023). 

Therefore, the analysis in this section not only reaffirms this point but also examines which 

aspects exhibit the most pronounced improvements in the new dataset. 

Figure 6 presents a comparative analysis of daily precipitation data for nearly 150 stations 

over the 20-year period (1961–1980), resulting in over one million data points per panel. To 

enhance clarity, a shaded background is employed to indicate the density of points within 

different regions of the figure. Higher densities along the main diagonal signify stronger 

agreement with observations. Additionally, each panel includes several simple statistics, 

including R, R², and statistical significance (p-value). Given the substantial dataset size, the 

very low p-values are not surprising. Furthermore, since VnHGC incorporates station 

observations to adjust ERA5-LAND, it is expected and confirmed by the statistics that VnHGC 

performs better than ERA5-LAND. These results align with the theoretical foundation of the 

algorithm. 

A closer examination of improvements across different regions and for both temperature 

and precipitation reveals several notable patterns. For temperature, improvements are 

relatively uniform across the domain. ERA5-LAND already shows high overall agreement with 

station observations, with most high-density regions located near the main diagonal. 

However, considerable scatter is also present. Overall, ERA5-LAND tends to fall below the 

diagonal, indicating a general cold bias relative to observations. Notably, in Figure 6-I, many 

points deviate significantly from the diagonal, suggesting that ERA5-LAND underestimates 

temperatures by 1–3 °C in most cases and by up to ~10 °C in some extreme cases. These 

biases are corrected in VnHGC, demonstrating the effectiveness of incorporating station 

data to adjust the reanalysis fields. 
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Improvements in VnHGC are also evident for precipitation, with values clustering more 

closely around the diagonal compared to ERA5-LAND. It’s important to note that 

precipitation results were transformed into a log-scale to better illustrate the effectiveness 

of OI in VnHGC. However, since both axes in Figure 6-II are log-scaled, caution is advised 

when interpreting the figure. A small improvement around 100 mm/day actually represents 

a much larger correction than relatively large changes in the range of 0.1–1 mm/day, or even 

10 mm/day. Additionally, at low precipitation values, ERA5-LAND generally shows a slight wet 

bias compared to station data. This likely reflects the nature of ERA5-LAND, which 

incorporates numerical simulations and tends to overproduce non-zero rainfall days—a 

common feature observed in many modeling studies. 

Figure 6. Scatter-plots comparing daily (I) temperature (°C) and (II) rainfall (mm/day) observations 

with nearest-neighbor interpolated data from ERA5-LAND (left panels) and VnHGC (right panels) 

during the period 1961-1980.  

 

Note: The shaded area indicates the density of points. For rainfall results, x- and y-axis are log-transformed for 

better visualization. The shaded area (level) represents the density level of points within each area, with a higher 

level indicating a higher number of points occupying the same space. Source: Authors’ own calculation, original. 
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2.2. Evaluation for the period 1940–1953   

Similar to the previous section, the same set of analyses was conducted on the gridded 

dataset spanning from 1940 to 1953. As mentioned earlier, the limited availability of station 

observations necessitated the construction of this dataset at a monthly temporal scale with 

a horizontal resolution of 25 km. 

Figure 7 compares the 14-year climatological and seasonal means. For both precipitation 

and temperature, the results are broadly consistent with those of 1960–1981, as discussed in 

the previous section. ERA5 and VnHGC show close agreement and appear comparable to 

station observations, with hardly discernible differences by visual inspection. However, when 

examining the distributions of MD and MAD more closely, the differences between the two 

datasets become clearer in certain regions. While only a few scattered areas show distinct 

and large deviations, these differences are noticeable. 

It’s important to note that in the original investigation of the OI process, stations located 

offshore were excluded not only because they are often far from the mainland, but also 

because their climatic and physical characteristics differ significantly from those on land, 

which could introduce noise into the calculations. Additionally, for the dataset spanning 

from 1940 to 1953, we also collected and incorporated station observations from Laos and 

Cambodia. Nevertheless, as illustrated in Figure II-2b, the distances between these stations 

and Vietnamese territory are substantial, with only a few stations situated in southern 

regions. Consequently, the impact of most stations outside Vietnam on the data within 

Vietnam is negligible. 
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Figure 7. Spatial distribution of monthly mean temperature (°C) averaged for 1940-1953.  

 

Note: (a) over the entire period, and (b-e) for each season (DJF, MAM, JJA, and SON). Data are estimated from (I) 
station observations OBS-2, computed only over the periods within 1940–1953 for which data are available, rather 
than from continuous series, (II) ERA5, and (III) new gridded VnHGC. Panels (IV) and (V) show the mean difference 
(MD) and mean absolute difference (MAD) between VnHGC and ERA5, respectively.Source: Authors’ own calculation, 
original. 
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Figure 8. Similar to Figure 7, but for monthly mean of daily rainfall (mm/day). 

 

Source: Authors’ own calculation, original. 

Next, we interpolated ERA5 and VnHGC data to the locations of each station for the 1940–

1953 period using the nearest-neighbor method to further investigate the impact of OI. 

Similar to Figure 6, Figure 9 presents pairwise comparisons between station data and each 

gridded dataset for all months of the study period. However, unlike Figure 6, where each 
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panel contains over one million data points, each panel in Figure 9 includes only 

approximately 5,000 points, representing roughly 30 stations across 12 months over 14 years. 

This smaller sample size, coupled with the sparse station network of the period, already 

suggests that the evaluation may be less robust compared to the later period. 

The dataset for this period was constructed at a monthly scale, which has smoothed out 

much of the noise inherent in daily variability and extreme events. Consequently, while Figure 

9 shows improvements in VnHGC compared to ERA5 for both temperature and precipitation, 

the signals of improvement are less pronounced and weaker than those observed for the 

1961–1980 period (Figure 6). This contrast highlights the combined impact of temporal 

resolution and observational data availability on the effectiveness of OI. 
 

Figure 9. Scatter-plots comparing monthly means of (I) temperature (°C) and (II) rainfall (mm/day) 

observations with nearest-neighbor interpolated data from ERA5 (left panels) and VnHGC (right 

panels) during the period 1949-1953.  

  

Note: The shaded area indicates the density of points. For rainfall results, x- and y-axis are log-transformed for 

better visualization. Source: Authors’ own calculation, original. 
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3. Summary and conclusions 

In this study, we gathered historical data from various sources to create a gridded dataset 

for Vietnam. This dataset, named VnHGC, encompasses information on temperature and 

precipitation for two distinct periods: 1940–1953, with monthly data and a horizontal 

resolution of 25 km; and 1961–1980, featuring daily data and a horizontal resolution of 10 km. 

The optimal interpolation (OI) technique, with several adjustments tailored to the 

characteristics of the station observations we collected, was employed to develop these 

datasets. The analysis results unequivocally demonstrate the efficacy and appropriateness 

of OI for our study. The background datasets — ERA5-LAND (used for the daily dataset 

spanning 1961–1980) and ERA5 (used for the monthly dataset covering 1940–1953) — already 

exhibited relatively high quality and exhibited a close alignment with station observations. 

However, they were further optimized by incorporating additional station data. 

Overall, the study’s findings are promising and provide a strong basis to expand and 

enhance this research. Several future directions are planned. First, we intend to continue 

digitizing additional data, not only for the missing period of 1954–1960 — for which we will 

have data published in the Résumé mensuel du temps published from 1949 to 1973 (Thomas 

and Nguyen, 2024c), but also by incorporating more stations with usable records within the 

study domain. This effort will be reported in a separate study. Second, while the OI method 

has proven effective and justified our initial hypotheses, it was initially chosen for its 

computational efficiency. In the future, we will consider more advanced methods that 

explicitly account for temporal variability to further improve the dataset. Lastly, since the 

pre-1961 dataset is currently constructed only at a monthly scale, we plan to explore 

statistical models, including potentially machine learning techniques, to downscale the 

monthly data to a daily resolution, making use of the historical daily station data already 

collected (Thomas et al., 2025), thereby ensuring consistency across the dataset. 

In addition to these future plans, one limitation of this study is the absence of comparison 

with other existing datasets. Satellite products like Tropical Rainfall Measuring Mission (TRMM; 

Liu et al., 2012) and Climate Prediction Center Morphing technique (CMORPH; Joyce et al., 

2004), which have demonstrated reliability across various regions worldwide, could serve as 

valuable benchmarks for further enhancing VnHGC. Unfortunately, our study period spans 

the distant past, when satellites and many other gridded datasets were not yet available.  

As mentioned previously, it is worth noting that a parallel effort to develop a more recent 

gridded dataset (1980–present) is currently underway in collaboration with IMHEN, using the 

same OI methodology but based on a much denser station network. The comparisons 
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between the latter dataset and other high-quality satellite-based and reanalysis products 

will facilitate a more rigorous validation and refinement of both the algorithm and the 

dataset.  

Finally, the development of VnHGC creates new opportunities for future research. With 

reliable, observation-based gridded data for Vietnam’s pre-satellite period, researchers will 

have a robust reference basis for evaluating regional climate models and reanalysis 

products. The dataset will also make it possible to explore long-term climate variability and 

change, overcoming earlier limitations in quantification. In addition, VnHGC can support 

more applied studies, such as reconstructing past droughts and floods, examining 

compound weather and climate hazards, and assessing historical impacts on sectors such 

as agriculture and water resources. By filling a long-standing observational gap, VnHGC 

strengthens the foundation for advancing a wide range of climate-related scientific and 

practical applications in Vietnam. 
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