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1. Introduction

Water resource management has long been a fundamental
challenge for human societies. The rapid expansion of
urbanization has exacerbated this issue, particularly in arid
regions where water scarcity is inherently severe. In these
areas, characterized by low precipitation and high
evaporation rates, communities typically rely on
groundwater extraction. However, this solution faces
growing limitations due to problems like land subsidence,
prompting policymakers to explore alternative approaches
such as inter-basin water transfers.

Recent climate change impacts have further intensified
water stress in these regions through decreased
precipitation and increased temperatures. This trend is
particularly evident in arid zones, where diminishing water
availability has significantly compounded existing supply
challenges in recent years.

2. Materials and Methods *
This study developed a water scarcity index by analyzing
the balance between water supply and demand in Yazd
City - a region with a hot, arid climate and chronic water
shortages. Using monthly water supply-demand data from
2013-2014, we employed an LSTM (Long Short-Term
Memory) deep neural network to forecast water scarcity
patterns over a 20-year horizon.

To assess climate change impacts, we incorporated
projections from the IPCC's Sixth Assessment Report
using the HadGem3-GC31-LL model under three SSP
scenarios (SSP126-optimistic, SSP245-moderate,
SSP585-pessimistic). The study calculated conditional
probabilities for various water scarcity conditions based on
predicted temperature and precipitation changes from
1980-2010 baseline data.

3. Results

Seasonal Water Patterns:

e Summer showed the highest water demand (35% above®
spring baseline) and supply (28% above spring)

e Winter recorded the lowest consumption (14% below
spring) with 22% higher supply
e Negative scarcity indices occurred in January, May,
and November (demand exceeding supply)
e March, April, and June showed the most favorable
water balances.
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Model Implementation:

e LSTM network utilized ReLU activation and Adam
optimization

e Trained on 2011-2022 monthly data (80% training,
20% testing)
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Climate Projections:
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Temperature increases:

SSP126: +0.7°C (annual max +0.34°C)

SSP245: +0.81°C (+0.14°C)

SSP585: +1.26°C (+0.45°C)
Precipitation changes:

SSP126: +77.7%

SSP245: +96.69%

SSP585: +95.61%

Risk Probabilities:

SSP126: 34% probability of high-risk scenario (low
precipitation, high temperature, high scarcity)
SSP126: 29.7% probability of favorable conditions
SSP245 showed increased critical scarcity probabilities
SSP585 paradoxically indicated both increased
precipitation and higher zero-scarcity probabilities

4. Conclusions

1.

Despite summer's 35% higher demand, supply
management has effectively prevented seasonal
shortages in Yazd's extreme heat conditions.

All climate scenarios project increased precipitation
for Yazd, with gains ranging from 77.7% to 96.69%.
Paradoxically, high water scarcity probabilities
persist despite projected rainfall increases,
suggesting demand growth may outpace supply
gains.

As results derive from a single GCM (HadGem3-
GC31-LL), future studies should incorporate multi-
model ensembles to address projection uncertainties.
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Prediction and Analysis of the Probability of Climate Change and Water Scarcity in Yazd
Mohammad Reza Goodarzi Maryam Sabaghzadeh

Abstract Yazd, a city historically challenged by a hot and dry climate, has long faced water scarcity issues. Regional
managers have consistently sought various methods to secure the necessary water supply. This study examines the
situation by defining a water scarcity index based on water supply and demand over the past 12 years and forecasting it
for the next 20 years using the LSTM method. According to the results, water consumption is higher in the summer
compared to other seasons. Consequently, the impact of climate change on water scarcity was investigated. Future
temperature and precipitation were predicted using the HadGEM3-GC31-LL climate model under three scenarios:
SSP126 (optimistic), SSP245 (moderate), and SSP585 (pessimistic). Subsequently, 81 different scenarios were developed
considering variations in temperature, precipitation, and water scarcity, with the probability of each occurring calculated
using conditional probability. The results indicate that despite the increase in annual forecasted precipitation by up to
77% in the optimistic scenario and over 90% in the other two scenarios, the likelihood of severe water scarcity in the
future will be higher. Therefore, regional decision-makers must continually seek ways to reduce consumption and enhance
water supply.

Key words climate change, Water Shortage Index, LSTM, Conditional probability.
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