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Obijective: This study aims to investigate the impact of climate change on temperature
and precipitation patterns in Khorramabad and to determine the optimal periods for
ecotourism activities under future climatic conditions. By employing statistical
downscaling techniques and bioclimatic indices, this research seeks to provide scientific
evidence for adaptive planning in the tourism sector and to identify suitable time windows
for nature-based activities in the face of ongoing climate change.

Method: In this study, the Statistical DownScaling Model (SDSM) was employed as an
analytical tool to predict temperature and precipitation variables in the city of
Khorramabad for the future period (2016-2045). The baseline data used in this analysis
included daily temperature and precipitation values from the Khorramabad synoptic
station, NCEP data, and the H3A2a scenario during the period of 1986—2015. The
Shapiro-Wilk test was first applied to confirm the normality of the data. Subsequently,
the Standard Effective Temperature (SET) index and the outputs of the RayMan software
at 15:30 were utilized to assess bioclimatic comfort conditions for ecotourism activities.
Results: The results of the analyses indicated that the annual mean temperature in the
forecast period will experience a significant increase compared to the baseline period.
Based on the SET index and RayMan software outputs, it was determined that the best
time for ecotourism activities in Khorramabad during the future period will shift to the
month of Farvardin (March-April). Additionally, the months from Mehr to Esfand
(September-February) will fall within the warm to very cool temperature range, which
are considered suitable, in terms of climatic conditions, for tourism and nature-based
activities.

Conclusions: This seasonal shift from the first half of the year to the second half,
compared to the baseline period, demonstrates the direct impact of climate change on the
region's ecotourism patterns. This trend highlights the necessity for increased attention
by planners and decision-makers to climate change and the development of appropriate
strategies to manage this transformation. Adopting sustainable policies in the fields of
tourism, urban planning, and natural resource management can play a significant role in
mitigating the adverse effects of climate change and optimally utilizing the created
opportunities.
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1. Introduction

Tourism is one of the most powerful
economic sectors globally, recognized as the
second-largest industry. Climatic conditions
play a decisive role in tourism development, as
unfavorable weather can threaten tourists'
health through thermal stress, UV radiation, and
air pollution. Bioclimatic indices are used to
analyze the causal relationships between
atmospheric conditions and human comfort.
Ecotourism has emerged as a modern approach
to nature tourism, with the United Nations
naming the 21st century the "Century of
Ecotourism™ (Papoli Yazdi & Saghaei, 2006).
Understanding climate change effects requires
tools for generating future climate scenarios.
General Circulation Models (GCMs) are the

2. Methodology

Khorramabad is located at 33°26' N and
48°17" E in Lorestan Province, at 1,148 m
elevation. The Statistical DownScaling Model
(SDSM) was employed to simulate climate
parameters at the station scale. Data included
daily temperature and precipitation from
Khorramabad synoptic station (1986-2015),
NCEP data (1961-2001), and HadCM3
scenario data (H3A2a, H3B2a) for 1961-2045
under A2 and B2 scenarios. The methodology

3. Results

Model performance showed high accuracy (R?
= 0.89, RMSE = 1.2°C). Annual mean
temperature will increase from 17.8°C to
30.0°C, absolute maximum from 42.3°C to
47.1°C, and absolute minimum from -7.5°C to -
3.2°C. A significant positive correlation (R =
0.96, p < 0.01) was found between baseline and
predicted data. The ecotourism season will shift
60 days toward colder months, with a 45%
reduction in summer thermal comfort and heat
stress on 70% of peak-season days.

4. Discussion

The findings reveal significant climate change
impacts on  Khorramabad's  ecotourism
potential. The dramatic warming trend (12.2°C

most suitable tools, but their outputs require
downscaling for local applications. Statistical
downscaling methods, including SDSM, have
received more attention in recent vyears.
Numerous studies have been conducted in this
field both globally and in Iran (Khan et al.,
2006; Abbaspour et al., 2009; Chu et al., 2010;
Babaeian et al., 2004; Azizi et al., 2009; Rezaei
et al., 2014; Nasiri & Yarmoradi, 2016). The
study area (Khorramabad) has a semi-arid
temperate climate, unique natural attractions,
and high potential for attracting ecotourists. The
main objective of this study is to investigate the
impact of climate change on ecotourism in
Khorramabad for the future period (2016-—
2045).

involved: (1) normality testing using Shapiro-
Wilk; (2) SDSM calibration; (3) daily
predictions for temperature and precipitation
(2016-2045); and (4) ambrothermic analysis.
The SET (Standard Effective Temperature)
index was calculated using the MEMI model
and RayMan  software, incorporating
physiological parameters (gender, height,
weight, age, activity level, clothing) to assess
thermal comfort conditions.

Ambrothermic analysis revealed the addition of
May and October to dry months, indicating
increasing aridity. Baseline SET analysis
showed very cold conditions in January, cold in
December-February, comfortable in April,
muggy in May-September, and extremely hot in
June-August. Future projections show very cool
conditions in February-March and November-
December, comfortable in April, warm in May,
extremely hot in June-August, and muggy in
September.

increase) and  60-day  season  shift
fundamentally restructure the tourism calendar.
The robust correlation (r = 0.96) between
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historical and projected patterns validates the
modeling approach while confirming the
inevitability of warming. The extension of dry
periods by two additional months reflects
broader atmospheric circulation changes
affecting the Zagros region. These physical
changes cascade into  socio-economic
consequences  through  reduced  water
availability, increased heat stress, and shortened
tourism seasons. The findings suggest that local
factors—urbanization, land-use change, and
regional topography—may amplify global
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**_Correlation is significant at the 0.01 level (2-tailed).
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