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Abstract  This study evaluates the accuracy of monthly MODIS Terra and Aqua Collection 6.1 Level 3 aerosol 
optical depth (AOD) products- combining Dark Target and Deep Blue algorithms at 550 nm- against ground-based 
AERONET Version 3 Level 2 measurements at eight active stations located in and near arid regions. Satellite and 
AERONET monthly AOD values were compared using linear regression. Results show strong correlations for both 
platforms: Terra (r = 0.844, R² = 0.712) and Aqua (r = 0.828, R² = 0.685). Both sensors exhibit similar positive 
biases relative to AERONET (+0.083 for Terra, +0.082 for Aqua), indicating that MODIS tends to overestimate 
AOD. Terra shows slightly greater overestimation but better captures monthly variability than Aqua. Performance 
varies notably by station, likely reflecting differences in local aerosol composition, surface reflectance, coastal 
versus desert heterogeneity, and spatial mismatches between point-based AERONET measurements and MODIS's 
coarser 1° grid cells. Overall, MODIS monthly AOD products provide valuable data for regional-scale aerosol 
monitoring in dust-prone Middle Eastern environments. However, the study emphasizes that station-specific 
calibration and cautious interpretation are necessary when applying coarse-resolution MODIS data to localized dust 
and air-quality assessments, given the observed spatial variability in accuracy. 
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1. Introduction 

Aerosols constitute a multiphase system consisting of 
solid and liquid particles suspended in the atmosphere, 
alongside gas phase carriers, with dimensions ranging 
from 0.001 to 100μm [1,2,3]. Atmospheric aerosols play a 
critical role in influencing climate, visibility, cloud 
microphysics, atmospheric chemistry, and human health 
(Manavi et al., 2025; Omokpariola, 2025 [4]. Exposure to 
elevated aerosol concentrations is linked to adverse 
health outcomes- especially respiratory and 
cardiovascular disease- because ultrafine particles can 
reach the deep lung and enter the bloodstream, 
increasing risks such as heart disease and cancer [5]. 
Aerosol optical depth (AOD), also called Aerosol 
Optical Thickness (AOT), is a critical metric that is 
extensively utilized for assessing atmospheric aerosol 
loading [6,7,8]. AOD quantifies the column-integrated 
attenuation of solar radiation due to aerosols, and 
therefore, is directly impacting dust monitoring, 
visibility assessments, air quality evaluation, and climate 

studies in arid and semi-arid regions. Therefore, 
monitoring aerosol loading, optical properties, types, and 
source regions is essential for both environmental 
management and public health policy. In arid and semi-
arid regions, mineral dust is the predominant contributor 
to AOD; however, marine aerosols, urban pollution, 
industrial emissions, transported smoke, and mixed 
aerosol types can also significantly affect AOD values. 

The Middle East is one of the world’s most important 
dust-affected regions, as it lies within the global dust belt 
and contains major dust source areas, including the 
Arabian Desert, Mesopotamian plains, Rub’ al Khali, and 
adjacent arid basins. This region routinely experiences 
influence from mineral dust, mixed desert–urban 
aerosols, marine particles, and regional transport 
phenomena. Previous regional studies have shown that 
the Middle East experiences high spatial and temporal 
AOD variability due to natural dust sources, 
transboundary transport, industrial emissions, and mixed 
aerosol regimes [9,10,11,12]. It has been noted that the 
Middle East is strongly influenced by natural aerosol 
sources, transboundary dust from Africa and Asia, 
marine aerosols, and anthropogenic emissions [2]. 
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Both ground measurements and satellite measurements 
are used for AOD monitoring. Ground-based 
measurements provide accurate aerosol observations but 
are spatially limited, whereas satellite remote sensing 
offers extensive spatial and temporal coverage for regional 
and global AOD assessments [13,14]. AOD is a critical 
ground and satellite-derived metric for quantifying 
atmospheric aerosol presence. MODIS, onboard NASA’s 
Terra and Aqua satellites, is among the most widely used 
instruments for aerosol monitoring. Terra provides a 
morning overpass at 10:30am and Aqua an afternoon 
overpass at 13:30pm, enabling comparison of platform-
dependent AOD retrievals. MODIS aerosol retrievals use 
both Dark Target (DT) and Deep Blue (DB) approaches 
(Ali & Assiri, 2019; Elshora, 2023; Li, Shi, & Sun, 2020; 
Sayer et al., 2014; Wei, Li, Peng, & Sun, 2019). Dark 
Target performs better over vegetated and darker surfaces, 
while Deep Blue is designed to improve retrievals over 
bright surfaces such as deserts. This is particularly 
important for the Middle East, where high surface 
reflectance creates major challenges for aerosol retrieval. 
Myriad studies revealed that satellite driven AOD data 
such as that from MODIS and MISR is strongly affected 
by surface brightness [1,15,16], aerosol regime, and 
station location. Previous studies have compared MODIS 
AOD with AERONET across the Middle East and nearby 
regions, generally finding moderate-to-strong correlations 
alongside site-specific biases [2,17,18].   

Although several studies have compared MODIS, 
MISR, OMI, and AERONET observations over the 
Middle East and North Africa [9,10,12,19,20,21,22], the 
performance of MODIS Terra and Aqua monthly products 
at individual AERONET stations remains important for 
regional dust and air-quality applications. Monthly Level-
3 MODIS products are widely used because they are easy 
to access, computationally efficient, and suitable for 
climatological and trend studies. However, they have a 
coarse spatial resolution of 1° × 1°, which may smooth 
local aerosol variability and produce differences when 
compared with point-based AERONET observations. The 
objective of this study is therefore to evaluate MODIS 
Terra and Aqua monthly AOD products against 
AERONET observations at eight dust-affected Middle 
Eastern and adjacent arid-region stations. The analysis 
uses MODIS monthly Level-3 products from Google 

Earth Engine, AERONET wavelength-adjusted AOD at 
550 nm, and regression-based comparison metrics derived 
from station-level monthly paired data. 

2. Study Area and AERONET Stations 

The study includes eight active AERONET stations 
spanning a range of aerosol and surface settings, including 
desert, coastal, urban, semi-arid, and mixed regimes. 

AERONET is network of ground-based sun 
photometers which measure atmospheric aerosol 
properties. AERONET provides continuous cloud-
screened observations of spectral aerosol optical depth 
(AOD), precipitable water, and inversion aerosol products 
in diverse aerosol regimes, using solar-powered CIMEL 
Electronique spectral radiometer. The radiometer 
measures Sun and sky radiances at a number of fixed 
wavelengths within the visible and near-infrared spectrum 
[23,24]. This study uses AERONET AOD measured at 
500nm wavelength.  

 
Figure 1. Study area and location of active AERONET stations 

Table 1 identifies the eight stations and their respective 
analysis periods, including the pooled “All AERONET 
Stations” comparison and station-level regression analysis 
(see Annex for complete Table).  

Table 1. List of the active AERONET stations used in the study and the number of MODIS coverages 

Station Region Lat. Long. Elev. (m) Period Terra N Aqua N 
Weizmann E. Meditn. 31.907 34.811 73 2015–2025 95 95 

Nizwa Oman 22.910 57.674 ~564 2022–2024 21 21 
KAUST Saudi Arabia 22.305 39.103 11.2 2012–2024 101 101 
DEWA UAE 24.767 55.369 86.8 2018–2024 48 48 
MIGAL E. Meditn. 33.236 35.578 200 2018–2025 85 85 
Mezaira UAE 23.105 53.755 201 2004–2022 140 140 

Eilat Red Sea 29.503 34.918 15 2007–2024 126 126 
Sede Boker Negev Desert 30.855 34.782 480 2000–2025 280 254 
All stations — — — — Variable 896 970 
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3. Data and Methods 

3.1. MODIS Terra and Aqua Monthly AOD 
MODIS Terra and Aqua monthly AOD data were 

obtained from Google Earth Engine using the Collection 
6.1 monthly Level-3 atmosphere products, 
MODIS/061/MOD08_M3 for Terra and 
MODIS/061/MYD08_M3 for Aqua. The extracted 
variable was the monthly mean combined DT and DB 
(DTB) AOD at 550 nm over land and ocean. These 
monthly products have a spatial resolution of 1° × 1°. 
DTB product is generally recommended for long-term 
AOD studies over land. Collection 6.1 (C6.1) was 
introduced by The MODIS Adaptive Processing System 
(MODAPS) in 2017, through reprocessing and 
improvement of Collection 6.0. Both MODIS TERRRA 
and AQUA data were processed and available from 2000 
and 2002 respectively [25]. C6.1 was produced to address 
issues that were encountered in previous versions. One of 
the main advantages of C6.1 is the availability and 
maturity of the combined Dark Target–Deep Blue AOD 
product (DTB). DT is traditionally strong over darker 
vegetated surfaces and ocean, while DB was developed to 
improve aerosol retrieval over brighter land surfaces [26]. 
For arid and semi-arid regions such as Qatar and the 
Arabian Peninsula, the combined DT–DB AOD product is 
often more appropriate than relying on DT alone because 
it increases usable coverage over bright desert and urban 
surfaces. Independent evaluation also supports the use of 
Collection 6.1 monthly AOD products. A study evaluating 
Terra and Aqua MODIS C6.1 Level-3 aerosol products 
against AERONET measurements at 431 sites found that 
the C6.1 MODIS AOD retrievals were generally well 
correlated with AERONET, and that the combined DTB 
product was strongly recommended for regional and 
global scale aerosol studies [27]. In addition to that C6.1 
has: improved monthly aerosol quality, as it reduces 
spurious monthly grid-cell values from isolated daily 
retrievals; and Reduced cloud contamination in monthly 
data [27,28,29]. The combined DTB modification applies 
specifically to monthly AOD dataset. This study uses 
monthly DTB AOD produced by MODIS 550nm 
wavelength.  

For each AERONET station, the station latitude and 
longitude were used in GEE to extract the corresponding 
monthly MODIS grid-cell AOD. The extracted Terra and 
Aqua monthly AOD time series were then paired with 
monthly AERONET AOD values for the same station and 
month. 

3.2. AERONET AOD and Wavelength 
Adjustment 

AERONET provides high-quality ground-based sun 
photometer measurements of spectral AOD. AERONET is 
a widely used reference network for satellite aerosol 
validation, with AOD measurements typically available at 
wavelengths such as 440, 500, 670/675, 870, and 1020 nm.  

Because MODIS AOD is reported at 550 nm, 

AERONET AOD at 500 nm was converted to 550 nm 
using the Ångström exponent calculated from 440 and 870 
nm AOD. The wavelength conversion followed the 
standard power-law relationship: 
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where 550τ  is the AERONET-adjusted AOD at 550 nm, 
𝜏𝜏500 is AERONET AOD at 500 nm, and 440 870α −  is the 
Ångström exponent (AE) between 440 and 870 nm: 
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This adjustment is commonly used to standardize AOD 
values from different sensors to a common wavelength 
using AERONET 500 nm AOD and AE (440–870).  

3.3. Regression Analysis 
The comparison between MODIS and AERONET was 

conducted using linear regression for each station and for 
all stations combined. The regression analysis quantified 
the strength and form of the relationship between MODIS 
monthly AOD and AERONET-adjusted monthly AOD at 
550 nm. The main regression indicators were Pearson 
correlation coefficient r , coefficient of determination 2R , 
adjusted coefficient of determination ( )2

adjR  and 

regression slope, intercept, and number of monthly paired 
observations. 

The general regression model was expressed as: 

0 1MODIS AERONETτ β β τ= + +  

where MODISτ  is MODIS Terra or Aqua AOD at 550 nm, 

AERONETτ  is AERONET-adjusted AOD at 550 nm, 0β  is 
the intercept, 1β  is the slope, and   is the residual error 
term. 

The adjusted coefficient of determination ( )2
adjR  is 

calculated using coefficient of determination ( )2R  as 

follows: 
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 where:  
n  = number of observations 
p  = number of independent variables (predictors)  

2R  = coefficient of determination 
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4. Results 

4.1. Overall MODIS–AERONET Agreement 
The pooled regression results, shown in Figure 2, depict 

strong agreement between monthly MODIS AOD and 
AERONET AOD across all eight stations. Terra achieved

0.844r = , 2 0.712R = , slope = 0.833, intercept = 0.1237, 
and N = 896. Aqua achieved 0.828r = , 2 0.685R = , slope 
= 0.8433, intercept = 0.1203, and N = 870, as shown in 
Table 2. 

 

 
Figure 2. Comparison of AOD from AERONET with each MODIS 
satellite sensor in the Middle East. Each point indicates a paired AOD 
value between the satellite and AERONET observations 

Table 2. Regression analysis comparison results 

Comparison Regression equation R² RMSE Bias N 
TERRA vs 

AERNT 
TERRA = 0.8328 × 

AERONET + 0.1237 0.71 0.068 +0.082 896 

AQUA vs 
AERNT 

AQUA = 0.8433 × 
AERONET + 0.1203 0.69 0.074 +0.081 870 

 
Overall, both MODIS products show strong positive 

agreement with AERONET, but TERRA has slightly 
higher R² and lower RMSE, while AQUA has a slightly 
lower mean positive bias. 

These results indicate that both MODIS platforms 
captured the main monthly AOD variability observed by 

AERONET. Terra showed slightly stronger pooled 
agreement than Aqua, although the difference was modest. 
The overall performance is consistent with previous 
Middle Eastern AOD validation studies [17], which report 
moderate-to-strong MODIS–AERONET correlations but 
station-dependent performance, Table (due to surface 
reflectance, aerosol loading, and mixed aerosol types. 

Both Terra and Aqua overestimate the AERONET 
AOD by as they have positive bias. Terra achieves higher 
bias (+0.083 vis-à-vis +0.082 of Aqua) despite it has 
higher R2 than Aqua (0.7117 and 0.685 respectively). Bias 
quantifies the average systematic offset, whereas R2 
evaluates how well the satellite product reproduces the 
temporal variability of AERONET AOD. Thus, Terra has 
slightly higher average overestimation, but it captures the 
monthly AOD variability slightly better than Aqua. 
Overall, this almost similar mean bias for all stations of 
Terra and Aqua indicates that, on the regional scale, both 
MODIS products have a similar tendency to retrieve 
higher AOD than ground-based AERONET. 

4.2. Station-level Performance 

4.2.1. Station-level Time-series Analysis 
Figure 3 compares monthly AERONET-adjusted AOD 

at 550 nm with MODIS Terra and Aqua AOD for the 
eight selected stations. 
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Figure 3. Time-series analysis of the eight selected stations 

Figure 3 shows that MODIS Terra and Aqua 
reproduced the main temporal variability observed by 
AERONET, especially during high-AOD episodes 

associated with dust or mixed aerosol loading in summer. 
Temporal agreement was strongest at Nizwa, Mezaira, 
KAUST, and DEWA, where both products captured most 
major aerosol peaks. Larger discrepancies appeared at 
Sede Boker, Eilat, and MIGAL, where MODIS often 
reported higher AOD than AERONET or amplified 
selected events. These differences likely reflect bright 
desert surface reflectance, coastal and land–sea 
heterogeneity, local aerosol variability, and the mismatch 
between point-based AERONET observations and 1° 
MODIS monthly grid cells. Overall, the comparison 
shows that MODIS Terra and Aqua are useful for regional 
monthly AOD monitoring, but station-specific validation 
remains important for local dust or air-quality 
interpretation. 

4.2.2 Station-level Regression Analysis 
Regression analysis has been conducted for all eight 

stations individual eight stations, and results are shown in 
Table 3 below (see Annex for complete Table).  

The strongest MODIS–AERONET agreement was 
observed at Nizwa (University of Nizwa), where both 
Terra and Aqua showed very high correlations and high 
𝑅𝑅2 values. Terra achieved 0.942r = , 2 0.888R = , and 
slope 1.075, while Aqua achieved 0.952r = , 2 0.907R =  
and slope 1.002. This strong agreement may reflect the 
station’s short record and corresponding small sample size 
(N = 21), which can inflate apparent consistency between 
MODIS monthly AOD and AERONET AOD at this 
station. Mezaira also showed strong and balanced 
performance for both sensors, with nearly identical Terra 
and Aqua correlations. This is important because Mezaira 
is located in an arid desert environment where aerosol 
loading is strongly influenced by dust. The good 
agreement suggests that monthly MODIS combined Dark 
Target/Deep Blue retrievals are effective at representing 
regional-scale aerosol variability in this dust-dominated 
environment. 

KAUST and DEWA also showed strong performance. 
KAUST had a particularly strong Terra relationship 
( 0.916r = , 2 0.840R = ), while DEWA showed good 
agreement for Terra ( 0.850r = , 2 0.722R = ) and 
moderate-to-strong agreement for Aqua ( 0.804r = ,

2 0.646R = ). These stations are located in environments 
where desert dust, coastal influence, urban emissions, and 
industrial sources may interact. The good agreement 
suggests that monthly MODIS AOD is able to capture 
broad aerosol variability despite mixed aerosol conditions. 
Weizmann Institute showed moderate agreement, with 
Aqua outperforming Terra. MIGAL, Eilat, and Sede 
Boker showed weaker regression performance, 
particularly in terms of slope and 2R . These stations are 
located in complex eastern Mediterranean, Red Sea, or 
desert-margin environments where local aerosol 
variability may not be well represented by a 1° MODIS 
grid cell. The weaker slopes at Eilat and Sede Boker 
suggest that MODIS monthly AOD may compress the 
range of AOD variability relative to AERONET, 
especially under higher aerosol loading or localized 
aerosol events. 
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Table 3. Regression results for all stations and individual stations 

Station Ter. r Ter. R² Ter. slp Ter. intr. Ter. N Aq. 
r Aq. R² Aq. Slp. Aqua inter. Aqua N 

Weiz. 0.7 0.5 0.9 −0.048 95 0.77 0.5 0.746 −0.004 95 
Nizwa 0.9 0.9 1.0 −0.062 21 0.95 0.9 1.002 −0.054 21 

KAUST 0.9 0.8 0.7 0.059 101 0.88 0.8 0.777 0.064 101 
DEWA 0.8 0.7 1.1 −0.069 48 0.80 0.7 0.906 −0.055 48 
MIGAL 0.8 0.6 0.6 0.039 85 0.68 0.5 0.423 0.086 85 
Mezaira 0.9 0.8 1.0 −0.045 140 0.88 0.8 0.950 −0.057 140 

Eilat 0.7 0.5 0.6 0.061 126 0.73 0.5 0.574 0.062 126 
Sede 
Boker 0.7 0.5 0.5 0.025 280 0.69 0.5 0.394 0.051 254 

 
The bias results of the regression analysis, shown in 

Table 4, show the deviation of MODIS values from the 
measured AERONET values at every station. 

Table 4. Bias values for MODIS relative to AERONET 
measurements 

Station Terra bias Terra N Aqua bias Aqua N 
Weizmann +0.076 95 +0.075 95 

Nizwa +0.039 21 +0.053 21 
KAUST +0.059 101 +0.027 101 
DEWA +0.052 48 +0.095 48 
MIGAL +0.071 85 +0.076 85 
Mezaira +0.064 140 +0.079 140 

Eilat +0.040 126 +0.038 126 
Sede Boker +0.134 280 +0.131 254 
 

The largest bias occurs at Sede Boker, with Terra = 
+0.134 and Aqua = +0.131. This suggests strong MODIS 
overestimation over this desert/arid environment, probably 
linked to retrieval difficulty over bright surfaces, surface 
reflectance uncertainty, dust contamination, and mixed 
aerosol conditions. The lowest biases occur at Eilat and 
University of Nizwa. Eilat shows very small and balanced 
bias values, Terra = +0.040 and Aqua = +0.038, 
suggesting better satellite–AERONET agreement. 
University of Nizwa also shows relatively low bias, 
especially for Terra (+0.039). There are some station-
specific differences between Terra and Aqua. At KAUST, 
Aqua performs better, with a much lower bias (+0.027) 
compared with Terra (+0.059). At DEWA, however, 
Terra performs better, with bias +0.052, while Aqua has 
a larger bias +0.095. For Weizmann Institute, MIGAL, 
Mezaira, and Sede Boker, the Terra and Aqua biases are 
relatively close. 

In summary, both MODIS Terra and Aqua 
systematically overestimate AERONET AOD, but the 
magnitude of overestimation varies by station. The 
strongest overestimation occurs over desert/arid stations, 
especially Sede Boker, while better agreement is found at 
Eilat, University of Nizwa, and KAUST. At the all-station 
level, Terra and Aqua show nearly the same bias, but 
station-by-station performance differs, indicating that 
local surface type and aerosol conditions strongly 
influence MODIS AOD accuracy. 

4.3. Terra Versus Aqua Comparison 
At the pooled level, Terra performed slightly better than 

Aqua, with higher correlation, R², and slope. However, 
this difference was not consistent across stations. Aqua 

outperformed Terra at Weizmann Institute, University of 
Nizwa, and Eilat, whereas Terra performed better at 
KAUST, DEWA, MIGAL, and Sede Boker. Mezaira 
showed nearly identical results for both platforms. This 
station-dependent Terra–Aqua pattern is consistent with 
previous studies [9,12] showing that differences between 
the two platforms may result from overpass time, cloud 
screening, aerosol diurnal variability, surface reflectance, 
viewing geometry, and calibration. Farahat also reported 
that Terra and Aqua can exhibit different long-term 
behavior over Middle Eastern and North African stations, 
regardless of location. 

5. Discussion 

5.1. Interpretation for dust-affected 
Environments 

The strong overall MODIS–AERONET correlations 
show that monthly MODIS Terra and Aqua AOD 
products are useful for regional aerosol monitoring in 
dust-affected Middle Eastern environments. However, 
because MOD08_M3 and MYD08_M3 represent total 
column AOD rather than mineral dust AOD alone, the 
results should be interpreted as “dust-influenced AOD” or 
“AOD in dust-prone environments” unless a dust-
screening approach is applied using AE, fine-mode 
fraction, or other aerosol-type indicators. 

The Middle East is influenced by multiple aerosol 
sources, including mineral dust, marine aerosols, 
industrial emissions, urban pollution, and transported 
particles. As a result, high AOD at a station does not 
necessarily indicate dust alone. However, at arid stations 
such as Mezaira, Nizwa, Sede Boker, and Eilat, coarse-
mode dust is likely a major contributor during high-AOD 
periods, particularly in spring and summer. Across the 
region, seasonal AOD peaks generally occur in the warm 
months because of stronger dust activity, surface heating, 
and regional winds [2,9,12].  

5.2. Effect of Spatial Scale Mismatch 
A key limitation is the spatial mismatch between 

AERONET and monthly MODIS Level-3 products 
[30,31]. AERONET provides point measurements, 
whereas MOD08_M3 and MYD08_M3 represent 1° grid 
cells. At Middle Eastern latitudes, a single grid cell can 
span urban areas, deserts, coastlines, mountains, or mixed 
land–sea surfaces. This broad spatial averaging can 
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smooth localized dust plumes and urban aerosol peaks, 
reducing agreement with station-based observations. 

This limitation is especially important at coastal or 
topographically complex sites such as Eilat, KAUST, 
DEWA, and Weizmann Institute, as well as at desert-
margin stations such as Sede Boker. At these locations, 
local aerosol conditions measured by AERONET may 
differ substantially from the broader MODIS grid-cell 
mean. As a result, coarse satellite resolution can dilute 
local high-AOD plumes by averaging them with nearby 
lower-AOD areas, creating differences from point-based 
AERONET observations [2].  

5.3. Retrieval Challenges Over Bright Desert 
Surfaces 

MODIS aerosol retrieval over the Middle East is 
challenging because bright desert surfaces reduce aerosol–
surface contrast. Deep Blue was developed for bright 
surfaces, whereas Dark Target performs better over darker 
vegetated land. Although the combined Dark Target/Deep 
Blue product improves spatial coverage, retrieval 
uncertainty remains elevated over arid and heterogeneous 
landscapes. Previous work has also shown that MODIS 
retrieval accuracy is affected by surface reflectance, water 
adjacency, aerosol model assumptions, cloud masking, 
and instrument calibration [9,12,19,27]. 

The weaker agreement at Sede Boker, Eilat, and 
MIGAL may partly reflect these retrieval challenges. 
These sites may also have lower average AOD than 
desert-core stations, which makes relative retrieval errors 
more influential. Under low-AOD conditions, even small 
absolute differences between MODIS and AERONET can 
substantially affect the regression slope and R². 

5.4. Implications for Air Quality and Dust 
Monitoring 

The results support the use of monthly MODIS AOD 
products for regional dust and aerosol monitoring in the 
Middle East. MOD08_M3 and MYD08_M3 are 
particularly useful for climatology, long-term monthly 
variability, and station-based comparison studies. 
However, because of their monthly averaging and 1° 
spatial resolution, they are less suitable for detecting 
short-lived dust events, sharp urban pollution gradients, or 
local aerosol variability [31]. 

For air-quality applications, MODIS AOD should be 
interpreted alongside meteorological variables such as 
wind speed, boundary-layer height, relative humidity, 
surface temperature, and precipitation. Because AOD 
measures column aerosol loading rather than surface PM 
concentration, their relationship can vary substantially 
with vertical aerosol distribution and meteorological 
conditions. Accordingly, monthly MODIS AOD is best 
used as a regional aerosol indicator rather than a direct 
proxy for ground-level particulate matter. 

6. Conclusions 

This study evaluated monthly 1° MODIS Terra and 
Aqua aerosol optical depth products from Google Earth 

Engine against AERONET observations at eight stations 
across the Middle East and adjacent arid regions. For 
spectral consistency, AERONET AOD at 500 nm was 
converted to 550 nm using the Ångström exponent 
derived from the 440–870 nm wavelength pair, allowing 
direct comparison with MODIS AOD at 550 nm. 

Both MODIS Terra and Aqua reproduced monthly 
AERONET AOD variability with strong overall 
agreement. In the pooled analysis, Terra performed 
slightly better (r = 0.844, R² = 0.712) than Aqua (r = 0.828, 
R² = 0.685), indicating that both products are suitable for 
regional-scale aerosol monitoring, with Terra capturing 
monthly variability somewhat more effectively. Station-
level performance varied substantially. Agreement was 
strongest at the University of Nizwa, Mezaira, KAUST, 
and DEWA, and weaker at Sede Boker, Eilat, and MIGAL. 
These differences underscore the influence of local 
surface and atmospheric conditions on satellite AOD 
retrieval accuracy. Lower performance at some stations 
likely reflects the coarse 1° MODIS resolution, point-to-
grid mismatch with AERONET observations, bright desert 
surfaces, coastal land–sea effects, terrain heterogeneity, 
and mixed aerosol regimes. As a result, MODIS grid-cell 
averages can differ from local AERONET measurements, 
especially where aerosol loading or surface conditions 
vary sharply over short distances. Overall, the results 
confirm that MOD08_M3 and MYD08_M3 monthly 
AOD products are valuable for regional aerosol and dust 
climatology studies over the Middle East and adjacent arid 
regions. However, they should be used cautiously for local 
dust-event detection or direct air-quality interpretation 
because monthly 1° products smooth short-lived aerosol 
events and do not directly represent near-surface 
particulate matter concentrations. Future work should 
expand the validation with additional metrics such as 
RMSE, mean bias, relative mean bias, and expected-error 
analysis. Seasonal stratification could also help identify 
when MODIS retrievals perform best or worst under 
different aerosol and meteorological conditions. Dust-
specific filtering using AE(440–870), fine-mode fraction, 
or AERONET inversion products would further 
distinguish total column AOD from mineral dust-
dominated loading and strengthen dust-focused 
interpretations of MODIS AOD. 
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