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ABSTRACT

This study intends to evaluate the accuracy and reliability of satellite data from the NASA
POWER project in capturing important climatic variables, which are precipitation and air
temperature, compared with data collected from the National Climate Data Center (NCDC)
ground-based weather stations located in the Khassa Chai River basin. The basin has a
topographic gradient beginning on the northeastern highlands and sloping towards the
southwest. The Khassa Chai River Basin experiences a semi-arid climate, with hot, dry
summers and relatively cold and wet winters. Daily precipitation and temperature records
(2010-2024) were collected from four weather stations, in addition to records from the
NASA POWER recording at the nearest grid points. To evaluate the reliability of the datasets
from NASA POWER, this study used several relevant statistical indicators (i.e., the coefficient
of determination (R?), correlation coefficient (CC), Nash-Sutcliffe efficiency (NSE), mean bias
error (MBE), and root mean square error (RMSE)) at daily, monthly, and yearly time scales.
The analysis of precipitation indicated an excellent fit between the NASA POWER satellite
data and in-situ data. For monthly comparison, the R? was 0.89, and the CC was 0.94, while
for annual comparison, the R* was 0.81, and the CC was 0.88. Overall, the fit improved with
longer time scales, which indicates the ability of the satellite data to accurately capture
precipitation trends over time. The range of NSE values from 0.72 to 0.87 also reinforces the
ability of the data to reproduce precipitation changes over time.

Keywords: NASA POWER, Khassa Chai river, Satellite climate data validation, Rainfall and
temperature analysis, Spatial and temporal distribution.

1. INTRODUCTION

In general, the input data for the models are daily weather records. The quality of weather
data is the key to obtaining accurate results, because it may differ greatly from one source
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to another without strict validation and analysis; as a consequence, the uncertainty increases
in the outputs (Ali et al., 2011; Faybishenko et al., 2022; Zheng and Zhang, 2025). Daily
rainfall and mean daily air temperature are the two most fundamental climatic components
affecting hydrological modelling behaviour (Schreiner et al., 2021; Li et al., 2024;
Rasheed et al., 2024; Nama et al., 2024; Abidalla and Abed, 2025). However, regional
studies have to cope with a scarcity of weather data, which is due to either the spatial gaps
in the coverage by ground-based stations (Barron et al., 2024; Qin et al., 2022) or even of
its absence at all sites (Wakweya, 2023; Van et al., 2024) The precision of weather data is
very important in influencing the potential application range and trustworthiness of
hydrological models (Singh et al,, 2023; Ansari et al,, 2023), because these data are
fundamental to understanding and describing the constituent elements of the hydrological
cycle (Al Thamiry and Azzubaidi, 2020; Yang, 2021). Ground-based monitoring stations
that record data directly are the most accurate source for measuring climatic variables
(Merlone et al., 2024; Langsdale et al., 2025; Al-Juhaishi et al., 2024). However, their
limited availability and high costs for construction and maintenance mean they are not found
in many parts of the world (Schuldt et al., 2021; Newman et al., 2023).

When data from meteorological stations is missing or coverage is sparse, reanalysis data
from global atmospheric models serve as reliable alternatives. These models help provide
climate inputs for hydrological models (Gu et al., 2023; Jiang et al., 2024; Mankin et al.,
2025). This data comes from numerical assimilation systems that combine satellite
observations with surface and marine data. They provide long-term time series that
represent the features of the atmosphere and Earth's surface (Li etal., 2024; Fu et al., 2024;
Bai et al., 2025). The National Aeronautics and Space Administration (NASA) has also made
climate data available through its NASA POWER (Prediction of Worldwide Energy
Resources) website, which is connected to the Langley Research Center to supply free global
climate data for environmental, hydrological, and renewable energy research (Hegyi et al.,
2023; Quansah et al., 2024).

Recently, NASA POWER reanalysis datasets have become easily accessible online with high-
resolution climate data available at both local (0.5° x 0.5°) and global (1° x 1°) scales
(Tayyeh and Mohammed, 2023; Kheyruri et al., 2024; Ibrahim and Al-Dabbas, 2021).
The dataset includes meteorological variables such as near-surface air temperature, relative
humidity, precipitation, solar radiation, wind speed, and wind direction (Rodrigues et al.,
2021; Jia et al,, 2024). NASA data are created with advanced numerical simulations based
on weather prediction models while combining ground-based and satellite observations,
which improves accuracy and reduces uncertainty (Saleh et al., 2024; Mutlu, 2025; Ali et
al,, 2023). The NASA POWER website has an interactive interface that allows researchers
and users to easily access reliable climate data for hydrology, renewable energy, and
environmental studies (Liu et al., 2020; Budamala and Mahindrakar, 2022). The
platform provides three types of climate data: single-point, regional endpoint, and global
endpoint data, which are derived from a combination of satellite and ground-based weather
station observations (Baumann et al., 2016; Shao and Nerger, 2024).

Numerous studies have evaluated the accuracy of various meteorological variables within a
variety of reanalysis datasets; however, there is a small number of NP studies that evaluated
the validity and accuracy across multiple countries (Negm et al., 2017; Monteiro et al.,
2018; Aboelkhair et al., 2019; Hazra et al., 2019; Al-Kilani et al., 2021; Marzouk, 2021).
There is a need for studies to assess NASA POWER satellite data analysis within the Khassa
Chai River basin.
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This gap in research is especially pertinent due to the need for ground-based meteorological
data in the Khassa Chai River Basin at three timescales (daily, monthly, and yearly), to
compare the quality of climate data products over the river basin over both time and space.
The current study examines the temporal and spatial assessment of the NASA POWER
precipitation and mean temperature product over 15 years, from 2010 to 2024, at 0.5
resolution, in an effort to close this gap.

2. MATERIALS AND METHOD

2.1Selected Site

The Khassa Chai River Basin is located in northern Iraq within Kirkuk Governorate, between
latitudes 35.0°-35.7° North and longitudes 44.2°-44.7° East with 468 Km? area (Al-Kahachi
etal,, 2022; Mahmood and Mohammed-Ali, 2025), as shown in Fig. 1. It is an important
sub-basin that drains into the Tigris River. The basin features diverse topography, ranging
from the eastern highlands of the Zagros Mountains, which reach about 900 meters above
sea level (Mahmoud and Kasim, 2019), to central areas with undulating terrain at 400-
600 meters, and flat plains in the west near Kirkuk at roughly 250-300 m.

44°25'E 44°30'E 44°35'E 44°40'E 44°45'E
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Figure 1. A Map showing the location of the Khassa Chai River basin.

Elevation differences influence surface runoff and rainfall, where higher areas receive more
rainfall while depletion of rainfall is towards the plains (Al-Khafaji et al., 2017; Dawood,
2024). Temperature and precipitation, in the semi-arid and Mediterranean climate zone of
the study area, have cold and wet winters and hot and dry summers (Al-Qurnawi, 2014).
Average annual precipitation may vary between 417 mm, depending on elevation. Summer
temperatures can exceed 37 °C (Mahmood and Mohammed-Ali, 2025), and winter
temperatures in mountainous terrain may drop below 5 °C. The study area will also
experience very high evaporation rates due to long sunny days and long dry seasons, which
limit the ability of this precipitation to recharge the local aquifers. Climate change will
worsen the regional changes in precipitation and temperature in the basin, creating
uncertainty in water resources from intense periods of drought or heavy rain. The Methods
and the sample are summarized in Fig. 2.
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Figure 2. Flow chart adopted for this study.

2.2 Collected Weather Data

The Iraqi government provides daily, monthly, and annual records of weather conditions
from four ground-based weather stations distributed across the Khassa River Basin (KRB)
from 2010 to 2024, as shown in Table 1. However, many of these stations still suffer from
data gaps or interruptions, which limit the accuracy of hydrological and climatological
studies. To overcome this deficiency, satellite data can be used as an alternative to fill these
gaps. The platform provides data for the same meteorological variables recorded by the
ground stations, such as precipitation and average air temperature, for the same observation
period, extracted at the nearest grid point to the target location. Thus, NASA POWER data
enables accurate hydrological and climatological simulations in areas lacking complete
ground-based monitoring coverage.

Table 1. Geographic characteristics of weather stations in the KRB.
Station | Name Latitude | Longitude| Altitude | Avg Precipitation| Avg Temperature
No (N) (E) (m) (mm) (°C)
G1 Daquq 35°10'8" | 44° 25' 49" 640 302.22 21.88
G2 Chamchamal | 35°33' 50| 44°28'1" | 517 258.42 22.17
G3 Kirkuk 35°42'25]| 44° 39'43"| 475 293.825 21.77
G4 Khasa Chai | 35°33' 32| 44°29'2" | 315 290.175 21.75

2.3 Accuracy Evaluation

Among the most important tools for verification in estimating or predicting data compared
to physically measured data is statistical analysis (Bhandari et al., 2012; Valipour, 2016).
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In this study, an Excel (2021) equation was used to conduct various statistical methods to
investigate daily, monthly, and annual NASA POWER data obtained through ground-based
data observation. Accuracy is evaluated by several statistical measures, specifically
correlation coefficient (CC), root mean square error (RMSE), mean error (ME, coefficient of
determination (R%), and the Nash-Sutcliffe efficiency coefficient (NSE). These statistical
measures could be different based on the objective of the study, the nature of the data, and
the method of assessing the model's performance. Statistical measurements will typically
assess the degree of deviation between the predicted value and the measured value to justify
the reliability (or credibility) of the results. Statistical measures used here to assess accuracy
are summarized in Table 2, and include (N) number of samples, projected value (Pi), and
observed value (Oi).

Table 2. Statistical metrics are used to evaluate the accuracy of weather data.

No | Parameter Name| Equation Range | Unit | Optimal value
1 5 tCoeffici(z_nt O(fRZ) 2 £1(04-0,) (P;-P,) ]2 0-1 - 1
etermination =
[Z2,(01-0)21" [ X1, (P-P)2]*?
2 Mean Bias Error i Pi— 0 0-+00 |mm |0
(MBE) MBE (MAE) = ———
3 |Sutcliffe Efficiency NES = 1 ™ .(0; — P)? 0-1 - 1
Coefficient (NSE) - n_(0; — 0,)?
4 Correction ~ 1(0;-0,)(P;-P,) -00-+00 | - 1
Coefficient (€C) [24(0:-0.)21° [ 32, (P-P)? ]
5 Root Mean Squared SN (Di—0)? 0-+00 |mm |0
Error (RMSE) RMSE = |==——

3. RESULTS AND DISCUSSION
3.1 Spatial Distribution Weather Pattern

In order to calculate annual climatic averages, rainfall and monthly temperature average
data available from all meteorological stations in the study area during the period 2010 to
2024 were collected. Subsequently, the values were analyzed using the GIS environment
(ArcGIS 10.5) to conduct spatial interpolations for the Inverse Distance Weighting (IDW)
method, which estimates the spatial distribution of climatic variables in the location
between stations. This analysis enabled the generation of annual climate maps with spatial
rainfall and temperature distributions for all sub-basins in the research area. The spatial
analysis results that re shown in Figs. 3 and 4 indicate that the average annual rainfall values
ranged from 258 to 310 mm and average annual temperature values ranged from 20.98 to
22.84 °C, and revealed a clear climate gradient associated with upper area topography and
elevation differences in the basin. Precipitation amounts decrease progressively from the
higher values in the eastern higher zones to the lower values in the western lower zones.
The eastern and southeastern part of the basin has the highest precipitation amounts,
exceeding 300 mm/year annually, just east of the western slopes of the Zagros Mountains.
These higher precipitation amounts are attributed to the higher elevations, causing
condensation of the water vapor transported by moist air masses from the Arabian Gulf and
the Mediterranean Sea. This leads to higher amounts of orographic precipitation.

The central portion of the basin, where the topography is more undulating, shows moderate
precipitation values ranging from 270-290 mm/year, where the influence of the topographic
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gradient weakens. In the western and northwestern parts of the basin, just southeast of the
city of Kirkuk, precipitation amounts decrease significantly to only 250-270 mm/year. The
flatter terrain and farther distance from the direct influence of mountains, in addition to
hotter temperatures and increased evaporation, are influencing both the lower trends. In
summary, this spatial gradient in precipitation shows the effect of height and topography as
primary factors affecting precipitation in the basin, and suggests that recharging of
groundwater and surface water is more effective in eastern areas, as opposed to the lower
western regions. The spatial distribution of temperature in the Khassa Chai River Basin
varies considerably based on the following factors: elevation, topographic slope, and the
effects of solar exposure for the year.

In the case of temperature, while the eastern parts of the basin, which have elevations
greater than 700-900 m above sea level, have the coldest average annual temperatures
between 20.5-21.5 °C due to variation in elevation, nighttime cooling, and localized and
regional cold air masses from the Iranian highlands, central areas in the region have
intermediate temperature at 21.5-22.2 °C due to the rolling terrain leading to cooler
temperatures. In contrast, lower-lying western areas bordering Kirkuk, the lowest average
temperatures and greater temperatures of 22.8 °C or higher were observed as a result of
reduced elevation and therefore more exposure to the sun's rays, leading to decreased
cooling effects and longer periods of sunshine over the summer months. The distribution of
solar radiation values is slightly different. Values are highest in the western and south
western areas of the region (due in part to low vegetation cover and flat terrain allowing
more solar energy to reach the surface). Values of solar radiation are comparatively lower
in the eastern mountainous regions because of the cloudy cover, the slope angles, and the
topographic shading from the continuous elevations. Overall, the relationship between the
two variables is clearly inverse within the basin, in the sense that as elevation increases and
direct solar radiation decreases, temperatures become lower, and vice versa in lower
elevations. These thermal and radiation characteristics will continue to define micro-
climatic variation in the basin and subsequently determine evaporation rates or water
balance variables, which directly affect hydrological processes in the river system.
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Figure 3. Spatial distribution of average annual precipitation in the Khassa Chai River
Basin for the period 2010-2024.
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Figure 4. Spatial distribution of average annual temperature in the Khassa Chai River
Basin for the period 2010-2024.

3.2 Climate Variables Evaluation

3.2.1 Precipitation

Figs. 5 and 6 show the statistical analysis of the performance evaluation of precipitation
data obtained from the NASA POWER platform compared to measured data from ground
stations within the Khassa Chai River basin, at three temporal scales: daily, monthly, and
annual. A set of statistical indicators (R?, CC, NSE, RMSE, MBE) was used to assess the level
of accuracy and bias in the satellite estimates relative to ground observations. The
correlation coefficient (CC) results indicate a good correlation between the NASA POWER
data and the field-measured data, with values ranging from 0.75 to 0.79, recording the
highest value at station G1 (CC = 0.79) and the lowest at G3 (CC = 0.75). This acceptable
correlation reflects the ability of the satellite system to represent daily variations in
precipitation despite the intermittent nature of rainfall in the region.
There were similar results for the coefficient of determination (R*), with daily values
between 0.75 and 0.78, which means roughly 75% of the variance in the observed values
could be attributed to satellite-derived data. The minor discrepancy at the stations is likely
due to the bathymetric nature of the basin impacting the distribution of rainfall in the local
areas.
Daily RMSE values showed a notable disparity across stations, with the maximum value of
4.30 mm at G1, and reaching 7.65 mm at G3. RMSE values demonstrated diminished model
performance at locations with high spatial variability in precipitation. Daily MBE ranged
from 1.45 to 10.32 mm, indicating a slight positive overestimation bias at certain stations,
mainly in the central areas of the basin. NSE index showed acceptable daily values as well,
indicating NASA POWER data captured the typical daily precipitation trend, while at some
locations, positional variability was very limited and of little concern.
Correlation and accuracy metrics improved at the monthly level above 0.85 for most
stations, indicating this is an improved correlation between NASA POWER data and
observed precipitation. The CC also increased to between 0.87 and 0.89, which supports that
the use of temporal aggregation diminishes the effect of short-term fluctuations.
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Figure 5. Statistical evaluation (R? CC, NSE) of precipitation using NASA POWER data
compared to ground measurements at three-time scales (daily, monthly, and annually).

Monthly RMSE values reflected significantly lower values compared to the daily RMSE
values, at values between 0.13 and 2.09 mm, reflecting greater accuracy in the monthly
measure. Likewise, monthly MBE values were significantly reduced, suggesting that random
biases related to daily errors were minimized in the monthly measure. Monthly NSE values
were between 0.4 and 0.63, indicating that the satellite model provides accurate and relative
estimates in greater agreement with observations at most stations. Annual indicators
performed best among all temporal dimensions with R? levels approaching 0.81 for most
stations, which indicates a high level of agreement with other NASA POWER data and the
observed measures. The CC values ranged between 0.77 and 0.79 and further strengthened
confidence in the accuracy of the data longitudinally.
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Figure 6. Statistical evaluation (RMSE, MBE) of precipitation using NASA POWER data
compared to ground measurements at three-time scales (daily, monthly, and annually).

Annual RMSE values were considerably less than both daily and monthly RMSE values, with
annual RMSE values less than 0.23 for all stations, indicating fairly accurate annual
precipitation averages. Annually, MBE values were modest (between 0.15 and 0.65),
suggesting a fair agreement with actual observations. The NSE values across all stations also
indicated a successful performance, reiterating the ability of NASA POWER annual data to
represent features associated with the general rainfall climate behavior of the basin.
The comparative analysis of the temporal scale indicates that the NASA POWER data begins
to perform slightly better with increased aggregation period, with the annual and monthly
scales performing more robustly and accurately over the daily scale. This is due to the
mitigating effect of temporal aggregation on localized variability and daily fluctuations
associated with short-term trends. The high values of R% and CC, along with the significant
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decrease in RMSE and MBE, suggest that NASA POWER data have the potential to be reliably
used as a substitute for ground-based data wherever ground-based monitoring stations are
absent in the relatively semi-arid regions and river basins of the Khassa Chai basin. This
aligns with what multiple researchers have indicated in similar studies for basins located in
the Eastern Mediterranean and northern Iraq (Tayyeh and Mohammed, 2023), where
NASA POWER products showed better results than some satellite products, like those from
passive microwave sensors, with seasonal precipitation estimations.

The results of the statistical analysis of the coefficient of determination (R?), correlation
coefficient (CC), Nash-Sutcliffe efficiency (NSE), root mean square error (RMSE), and mean
bias error (MBE) for evaluating the accuracy of satellite-derived precipitation data (NASA
POWER) compared to field-measured data in the Khassa Chai River basin at daily, monthly,
and annual time scales. The results show that the performance of the satellite data improves
with increasing time scale, with R* and CC values reaching their highest levels at the monthly
(0.9-0.94) and annual (0.81-0.89) scales, reflecting a strong agreement with the observed
values, while they decreased at the daily scale to approximately (0.65-0.77) due to the high
variability of daily rainfall. The NSE values also showed acceptable performance, ranging
between (0.4-0.75), and were positive in most cases, indicating adequate model efficiency,
especially at the monthly and annual scales. Conversely, the RMSE values decreased
gradually from the daily scale (6-8 mm) to the monthly (1-2 mm) and annual (<1 mm)
scales, indicating a decrease in estimation error with increasing time period. The MBE values
also showed that the NASA POWER data tended to slightly overestimate daily rainfall (4-8
mm) compared to the measured data, while the annual deviations were very limited (<1
mm). The findings indicate that the satellite data have adequate consistency in representing
the temporal distribution of precipitation, especially when looking at the average for the
month or the average for the year. Thus, they can be reasonably used for assessments in
climate and hydrological studies in the Khassa Chai basin, considering the limited ground-
based observation data.

3.2.2 Air Temperature

The assessment of field-measured and NASA POWER (NP) temperature data in the Khassa
Chai River basin suggests the temperature data fit well at different timescales as shown in
Figs. 7 and 8. The values for annual, monthly, and daily were presented with the highest
degree of similarity in performance across all stations, while the slight differences were
attributed to the unique spatial and climatic reality of the respective region. On the annual
timescale, G2 and G3 demonstrated the highest coefficients of determination (R* = 0.90),
meaning the yearly temperature patterns were most accurately represented, while G1
displayed a slightly lower value (0.88). Correlation coefficients (CC) for all stations were
similarly strong (0.94-0.95), suggesting a strong correlation between the system data and
field-measured points. Further, the Nash-Sutcliff efficiency (NSE) values were also
consistently similar (0.78-0.89), which gave a similarly high level of confidence to conclude
the efficiency of annual temperature estimates at each station. The error metrics RMSE were
also minimal (0.03-0.11), suggesting the observed and calculated values deviated minimally.
Furthermore, MBE results were between -0.08 and 0.31 with an indication that the system
overestimated at station G2, while it underestimated at station G1. The variation could be
attributed to geographic location effects. G2, situated in the eastern area of the basin, has a
flatter terrain and more access to solar radiation, and consequently has a higher surface
temperature than the western part of the basin.
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Figure 7. Statistical evaluation (R?, CC, NSE) of temperature using NASA POWER data
compared to ground measurements at three-time scales (daily, monthly, and annually).

At the monthly scale, the data showed very strong Mean Performance by the system with R?
between 0.81 and 0.88, and CC values between 0.90 and 0.94. The NSE values were also good
(0.75-0.86), suggesting that the system is acceptably capturing seasonal variability.
Although the RMSE and MBE values showed apparent spatial differences; with G2 reporting
the least RMSE (0.12) and G3 the greatest RMSE (0.58) while the MBE ranged from (-0.10 to
1.29), indicating that the system estimates temperatures accurately in the eastern, flatter
regions (G2); however, accuracy decreased in the northern, slightly elevated elevations (G3)
due to the land cover and topographic variation findings were also affected by not only
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elevation and slope; also by the local effects of vegetation cover and humidity. Results
showed some expected variation on a daily scale, attributable to the transient nature of
temperature fluctuation throughout the day.
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Figure 8. Statistical evaluation (RMSE, MBE) of precipitation using NASA POWER data
compared to ground measurements at three-time scales (daily, monthly, and annually).

R? values dropped to (0.72-0.80) and NSE to (0.69-0.78), although the correlation (CC =
0.85-0.89) remained strong, indicating the system retained the overall pattern of thermal
behaviour, albeit under the large sensitivity to daily fluctuations. The largest values of MBE
were associated with G1 (7.45), suggesting a systematic bias to overestimate daily
temperatures in the southwestern region, characterized by high evaporation with limited
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vegetation and rapid local change. Errors were smaller in G3 (MBE = 0.00) and G4 (3.13),
suggesting acceptable agreement in those areas.

The spatial distribution of temperature illustrated in Fig. 8 shows clear thermal gradients
from west to east across the Khassa Chai River basin: the maximum temperature was
recorded at station G2 located in the east (22.06-22.17°C), diminishing gradually as moving
westward until its lower temperature values at station G4 (21.75-21.85°C). This thermal
gradient is strongly related to the general geography of the basin, where eastern parts are
generally flatter and at lower elevations, so they receive more solar radiation and are
therefore more effective at thermal energy storage. In contrast, western parts have, at least,
a relatively higher elevation and steeper slopes down to the river channel and experience
the local wind patterns traveling from the west, thereby experiencing cooler temperatures.
The distribution of vegetation cover and surface wetness is still expected to be an important
factor to explain, as vegetation density is greater in the western area (near G4), where
thermal radiation is reduced, while the eastern area (near G2) has greater with dry soil
covers and thus provides greater recorded temperatures. Overall, these analyses confirm
cases where the numerical model (NP) demonstrated considerable efficiency in simulating
the spatial and temporal distribution of temperatures in the basin, mostly at the annual and
monthly levels. Daily estimates should be improved slightly using bias correction methods
to reduce differences occurring at stations with more complex topography. These results
have shown that model performance is certainly related to the morphometric and
topographic characteristics of the basin, while calling into question the need for regionally
detailed geographical factors when improving regional climate models.

The results of the (NP) performance evaluation in temperature simulation using Box and
Whisker plot, demonstrates the models high efficiency in representing the thermal behavior
of the Khassa Chai basin compared to field measurements, with the performance of the
model gradually declining between annual to monthly and then daily, reflecting its
sensitivity to short-term temporal variability associated with local weather factors, annual
coefficient of determination (R?) ranged from (0.88-0.90) indicating the model explained
most variability in measured values, while monthly ranged from (0.84-0.88) and daily from
(0.75-0.80). The correlation coefficient (CC) values also showed a very strong correlation
between the calculated and measured values (0.94-0.95) at the annual level, and a good
correlation monthly (0.91-0.93) and daily (0.86-0.88), indicating that the model can capture
the general trend of temperature change in the basin, especially at stations located in the
higher-elevation eastern part. The Nash-Sutcliffe efficiency (NSE) ranged from 0.78 to 0.89
on an annual basis, 0.75 to 0.85 every month, and 0.69 to 0.78 daily, indicating that the model
is excellent for longer time periods and great when looking at shorter time scales. Likewise,
the root mean square error (RMSE) values were low on an annual basis (0.03-0.11), a slight
increase for the monthly (as high as 0.58), and daily values (as high as 0.14). This serves to
effectively convey model performance in representing both the annual and seasonal range
of variability in the temperature, and the increased variability in the daily observations due
to local microclimate changes induced by localized factors such as clouds, wind, and
humidity. The mean bias error (MBE) estimates near-zero annual bias; bias tends to be about
+2 over the monthly observations and about +7-degree variability in days. The MBE
indicated minor tendencies for the model to over-predict, maximum values on dry sunny
days, and predict lower values on low-lying humid days. The noted differences coincide with
spatial characteristics of the basin, as the temperature distribution map illustrated in Fig. 4,
shows an apparent temperature gradient from east to west, with the eastern mountainous
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regions (G2) yielding the highest temperature values (22.06-22.17 °C), while grading down
toward the west having the lowest temperatures (21.75-21.85 °C) near G4. This variation is
attributed to an interaction between topography, vegetation canopy conditions, and surface
moisture that may be affecting thermal equilibrium. Overall, these results confirm that the
numerical model, NP, demonstrates high efficiency in representing the general thermal
behavior of the basin over topographic conditions at the annual and monthly scale, while it
could improve the accuracy of the model to represent the daily scale variations by correcting
slight bias, particularly on low-lying humid days.

4.

CONCLUSIONS

The spatial distribution of observation shows a noticeable gradient, where rainfall
decreases from 310 mm/year in the cooler northeast hills to about 258 mm/year in the
warmer lower southwest; temperature, depending on the transect, varies anywhere
from 20.98°C (in the highlands) to 22.84°C (in the lowlands); hence confirming the
influence of topography.

The accuracy of the NASA POWER data improves proportionally with increasing
temporal scale; the agreement between two data sources (two climate data sources) are
the greatest at the annual, lower at the monthly, and the least at the daily level; hence
discrepancies at shorter time scales can be attributed to short-term (diurnal) variability
(e.g., local, land-surface conditions with the short-term climate data comparison) rather
than the NASA POWER data, estimation error (RMSE and MBE) significantly decreases
from the daily to the monthly and annual analysis, and positive NSE values indicate good
data reliability, especially in the monthly/annual analysis.

Temperature representation performed well at the monthly and annual level (R? and CC
> 0.9, NSE = 0.88); however, higher mean daily temperatures are not well represented in
drier, highland areas, indicating the need for a local bias correction to improve
performance on a daily scale.

NOMENCLATURE

Symbol | Description Symbol | Description

R2

Coefficient of Determination, CC Correction Coefficient, dimensionless
dimensionless

MBE Mean Bias Error, mm RMSE Root Mean Squared Error, mm

NSE Sutcliffe Efficiency Coefficient,

dimensionless
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