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Extended Abstract \

Introduction

Drought is one of the most significant natural hazards in arid and serni-arid regions, and‘its frequency, intensity,
and duration have increased due to climate change, leading to widespread dmpacts on water resources and
agricultural production (Wilhite, 2000; Konapala et al., 2020; Loc et al., 1). Remote sensing techniques,
particularly the Temperature—Vegetation Dryness Index (TV.DI), have becomedeffective tools for monitoring
agricultural drought because of their wide spatial coverage andieontinuous observation capability (Qin et al.,
2021). Furthermore, teleconnection indices, whi¢hirepresent large-seale atmosphere—ocean variability, have been
widely used to analyze and predict drought and other climatic varfables (McGregor et al., 2017; Li et al., 2022b;
Helali et al., 2024). Despite numerous studies on agricultusal drought menitoring using remote sensing and
teleconnection indices, the spatiotemporal variability of TVD;&S its relationship with teleconnection indices in
Hamadan Province have not yet been comprehensivelyginvestigated. Therefore, this study aims to integrate remote
sensing data (TVDI) and teleconneétion indices to analyze agricultural drought patterns and develop a multiple
linear regression (MLR) model for predicting TVDI in Hamadan Province.

Materials and Methods

The study area is Hamadan province ingwesterniran with-an‘area of 19,493 square kilometers. The climate of the
region is cold semi-arid to very cold semi-atid according to the Extended Demarton method. The average annual
temperature is 11.3°2C, and the average annualprecipitation of the province is 317.7 mm.

MODIS satellite imagesywere used in this study: These images were composite products of 8-day land surface
temperature and 16-day"MODI1TA2 and MODI13A2 vegetation indices with a spatial resolution of 1 km. The
images weregextractedgfor the period 2003 to 2022. All calculations were performed in the Google Earth Engine
environment, TVDI was ceNlted based on Eql.
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Where LSTUis the surface temperature of the pixel in question, LSTmax is the maximum NDVI temperature in the
corresponding pixel, and LSTmi, is the minimum temperature corresponding to that NDVI.

The Mann-Kendall method (Mann, 1945; Kendall, 1975) was then used to determine the type of trend, and the
Sen method (1968) was used to determine the intensity of the TVDI trend. In addition, the Pearson correlation
coefficient was used to evaluate the relationship between TVDI and the teleconnection indices, including NAO,
AMO, GlobalSST, MEI, Niiio 1+2, Nifio 3, Niiio 3.4, Nifio 4, ONI, PDO, SOI, Sunspot, and TNI. The values of
these indices were obtained from their respective official data repositories. Finally, teleconnection indices and
time lags with statistically significant correlations (P<0.05) were selected and, based on the absolute value of the
correlation coefficient, the variables with the highest correlation with TVDI were considered as candidate
variables for modeling. Next, for each city in Hamadan province, the selected variables were entered into a
stepwise multiple linear regression model. In this method, the variables were entered into the model in stages, and
at each stage, the variable that caused the greatest increase in the coefficient of determination (R?) was added to
the model. Also, variables that became statistically insignificant after the entry of other variables were removed
from the model. This process continued until the best combination of independent variables was achieved. Finally,
the final MLR model was extracted to estimate TVDI based on the selected teleconnection indices. The model
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performance was evaluated using statistical indices including R?, root mean square error (RMSE), and Nash-
Sutcliffe efficiency coefficient (NSE).

Results and Discussion

The spatial pattern of agricultural drought in Hamadan province was relatively stable throughout the year, with
Famen and Razan counties experiencing the highest TVDI values in all seasons, while Asadabad and, to some
extent, Malayer experienced wetter conditions. Also, the increase in TVDI values in the summer season indicates
the intensification of soil moisture stress due to increased temperature and evapotranspiration. This indicates that
although the severity of drought changes under the influence of seasonal changes, its spatial distribution is mainly
a function of relatively constant environmental characteristics such as climate, topography, soil, and land use.
The study of the seasonal TVDI trend in the cities of Hamadan province indicated a significant increase in seasonal
and annual drought in the cities of Hamadan province in the period 2003-2022, suchpthat the trend of this index
was significant in most seasons with a slope of 0.001 to 0.005 (except for the autumn season with a constant slope
0f 0.002). Also, the trend of its annual changes was significant in all cities, and its slope variedybetween 0.002 and
0.003 per year.

Based on the zoning results of this index, the main area of Hamadan province was in théym@derate and severe
drought categories, and a small part of the province, located around the Alvand Mountain Range'and the northern
part of the Green Mountain Range (south of Nahavand County), had minor andswet droughts.

The results also showed that AMO had a significant correlation with TVDI at the la\ﬁs‘t number of time lags
compared to other teleconnection indices, while GLOBALSST, NAOYand PDO had a significant correlation only
at a few specific time lags. This indicates that multi-decadal fluctuations in_the Atlantic Ocean water surface
temperature have a lasting, long-term, and gradual effect on the climati¢ condﬁi%ns of Hamadan province.
MLR-based modeling was performed between AMO at different time lags (L) and TVDI in 10 counties of
Hamadan province. For example, in Asadabad:

TVDI Asadabad=0.5507+0.513(AMO L0) +0.467(AMO L3+0.650(AMO L8+0.455(AMO L12)

The collinearity between AMO values for time lag§with VIF valu€s,< 7 was acceptable, and the significance level
of the equation was 0.037. The R? of the equation was 0.78ythe RMSE valie was 0.094, and its NSE was 0.81.
The results of the stepwise MLR models showed that AMO. c;&plain a‘significant part of the seasonal changes
in TVDI in the counties of Hamadan province; so thafihigh R?, alonig;with appropriate values of NSE and low
RMSE, indicate acceptable performance of the models m estimating the severity of agricultural drought.

Conclusion

The TVDI index showed a good“ability to monitor the spatial and seasonal pattern of agricultural drought in
Hamadan province; so'that Famen and'Razan counties experienced the highest severity of drought, and Asadabad
experienced the most suitable moisture ‘conditions, and the spatial pattern of drought remained relatively stable
despite seasonal changes. Theystepwise MLR results also showed that teleconnection indices, especially AMO,
explain a significant partyef TVDI changes by considering time lags and have appropriate accuracy in drought
forecasting. Overall, the integrationiof remote sensing indices and teleconnection indices can be an effective basis
for the development of, drought forecasting and water resources management systems, and the use of machine
learining methods and rotha in future studies will increase the accuracy of these systems.
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Fig 1. Geographical location of Hamedan province and its counties
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Table 1. Mann-Kendall coefficients and Sen's slope of the séasonal and annual TVDI in the cities of
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