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El Nino phenomenon - concepts, characteristics and climatic effects

El Nino and La Nina are two opposing phases of a natural climate pattern called the El Nino Southern Oscillation (ENSO). This
phenomenon includes changes in the temperature of ocean water in the central and eastern part of the tropical Pacific Ocean
and simultaneously changes in its upper atmosphere. Enso has three main modes: El Nino (warm phase), La Nina (cold phase)

and neutral mode. El Nino usually lasts for about 18 months and La Nina for about 3 years.
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In the above figure, the Enso index is presented since 1969 (1347 Solar Hijri). Every cycle of El Nifno and La Nina usually takes 2
to 7 years. El Nino usually begins to form from March to June, and its intensity often peaks between November and February. The
intensity and effects of El Nifio depend on factors such as the strength and duration of the phenomenon, the time of its formation

and its interaction with other climate patterns, such as the Indian Ocean Dipole (IOD).



El Nifio phenomenon - concepts, characteristics and climatic effects

EI Niﬁo shifts rainfa" patterns - EI Nino causes an increase in global temperatures,
in different parts Of the World and its strongest effects are usually felt a year

after its occurrence.

* FEl Nino causes more rain in some regions and

- 3-‘3.‘ drought in others.
%
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* Generally, Iran experiences wet conditions during

El Nino.
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« Today's seasonal forecasting models can predict

weather patterns 1 to 6 months in advance.

« Identifying the possibility of increased heavy rains

@ Drier than normal Wetter than normal and the occurrence of drought caused by El Nino

Regional anomalies vary depending on the season

can be used as an early warning for planning in

Source: Lenssen et al. (2020)

sectors such as agriculture and crisis management.



Descriptive statistics of monthly occurrence of different phases of ENSO from January 1969 to July 2026.

Aug Sep Oct Nov Dec Total OCCEJO;: )e HEE
El Nifio 19 16 16 17 18 19 18 21 20 18 21 15 218 31.50%
La Nifa 25 31 19 27 20 22 27 20 26 20 20 29 286 41.40%
Neutral 14 11 23 14 20 17 13 16 11 19 16 13 187 27.10%
Total Total 691 100%

Frequency of Enso phases

35 - OCCURRENCE PERCENTAGE OF

31 DIFFERENT PHASES OF ENSO 1969-2026.
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The trend of the monthly frequency of El Nino phase
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Flooded areas in EI Nino and La Nifa conditions

(based on consecutive statistics of EI Nifio and La Nifia in 1997 to 2000).
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Areas affected by Citation .. - A
major floods, G R Brakenndge, 2009, "Areas affected by -

May 1, 1997- Sept. 1, 1998 major floods; May 1, 1997-Sept, 1, 1998,
n= 258, 16 months online publication: http:/Awvww. dartmouth. edu/~floods/EINino.htmil
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Areas affected by Citation . : ;
major floods, G.R.Brakenndge, 2009, "Areas affected by «
May 1, 1999- Sept. 1, 2000 major floots, May 1, 1999-Sept. 1, 2000",

n= 123, 16 months online publication: hitp./Awww. datmouth. edu/~floods/EINino. html



Nifio 3.4 SST Anomaly (°C)

Time series and forecast of tropical Pacific surface temperature anomaly (since 1990).
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Percent chance (%)
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The APEC Climate Center’s seasonal forecast of temperature conditions in different regions of the world (next Autumn)

SEP 2026 - NOV 2026 2m Temperature Probabilistic MME Forecast / Hindcast HSS (Heidke Skill Score)
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The APEC Climate Center’s seasonal forecast of precipitation in different regions of the world (next Autumn)

SEP 2026 - NOV 2026 Precipitation Probabilistic MME Forecast / Hindcast HSS (Heidke Skill Score)
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History of EI Nino effects on Iran’s precipitation



Precipitation Growth - October Precipitation Growth - November

Statistical status of Autumn
precipitation in El Nifio conditions
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Precipitation Growth - January
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Statistical status of Winter
precipitation in EI Nifio conditions

Basins with the highest growth of precipitation.

Elnino rain Laninarain Difference Growth Rate

YV¥F/A YAV/Y YV/V AR
YFYN YVYA/A Y/¥ VE/Y
YY¥F/ Yo AS Yoy \¥

Basins with the lowest growth of precipitation/decreasing growth of

precipitation.

Elnino rain Laninarain Difference Growth Rate

av/Y 7 Y/V- -¥,0
Y¥.4 Yo /A q/4. -8
IR AVA 166 d/¥- _y



Precipitation Growth - April Precipitation Growth - May

Statistical status of Spring
precipitation in EI Nifo conditions
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Precipitation Growth - July
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Statistical status of Summer
precipitation during El Nifio conditions
Basins with the highest growth of precipitation.
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Annual Precipitation Growth
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Statistical status of annual
precipitation in El Nifo conditions

Basins with the highest growth of precipitation.
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El Nino Impacts on Temperature and Precipitation
In the Coming Months
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Seasonal temperature prediction model (from Columbia University's Institute for Climate and Meteorology Research)
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Water Management Strategies in EI Nino Conditions



Threat or Opportunity!

O The impact of El Nifio on Iran cannot simply be summarized as “drought™ or “wet conditions”.

 Based on forecasts, this autumn could bring 30-40% above-normal precipitation across large parts of
the country, particularly in the Zagros Mountains and the southern slopes of the Alborz Mountains.

O Above-normal precipitation could provide an opportunity to partially compensate for the country’s
water-resource deficits; however, a single wet season cannot fully offset the effects of prolonged
drought.

 These precipitation events may also increase hazards such as flooding, waterlogging, landslides, and
soil erosion.

 Under EI Nifio conditions, flooding can damage infrastructure and cause significant losses.

1 High temperatures can also increase evapotranspiration and lead to higher water consumption.



Water Management Challenges During EIl Nino Conditions

v'Uncertainty in the effects of the El Nifio in Iran.

v'Uncertainty due to the interaction of other large-scale patterns (Indian Ocean Dipole, Madden-
Julian, quasi-biennial, NAO).

v'Flood or drought management!

v'Limitations in flood forecasting, monitoring and warning systems and communication
infrastructures.

v'Diversity of watershed issues and the need for specific planning for each basin.

v'Diversity of stakeholders and the need for inter-organizational coordination.

v'Lack of transparency in some laws and policies regarding the duties of organizations.

v'Limited financial resources for infrastructure development and crisis management.

v'Public awareness, particularly lack of an early warning system.

v'Riverbed encroachment and reducing river flow capacity and causing damage.




O Enactment of the National Disaster Risk Management Law (2019)

« Clause (a), Article 9: Preparation and formulation of the National Strategic Disaster Risk Management Document, the National Disaster Risk
Reduction Program, the National Preparedness and Response Program, and the National Reconstruction and Rehabilitation Program by the
National Disaster Management Organization.

« Clause (p-1), Article 14: The Ministry of Energy is required, in cooperation with the Ministry of Interior (Municipalities and Rural Districts
Organization) and the Ministry of Agriculture, to establish the necessary mechanisms for controlling surface water (floods) at the national and
provincial levels.

« Clause (th-4), Article 14: The Meteorological Organization, in cooperation with the Ministry of Energy and the Ministry of Agriculture, shall
complete the flood monitoring and warning network across the country.

» Clause (h-14), Article 14: The Ministry of Economic Affairs and Finance (Central Insurance of Iran) is required, in coordination with the
Organization and in cooperation with the relevant agencies referred to in Article 2 of this Law, to establish the necessary mechanisms for
expanding disaster and accident insurance, with priority given to fire, flood, and earthquake.

« Atrticles 16 and 17: Provision of the necessary funding for preventive measures and flood control through the creation of a dedicated budget
item entitled “Disaster Risk Management” in the annual national budget by the Plan and Budget Organization and the National Disaster
Management Organization.

O Issuance of the “National Disaster Risk Reduction Plan,” “Preparedness and Response,” and “Reconstruction and Rehabilitation” Programs
(2021)

L Guidelines of the Surface Water (Floods) Control at the National and Provincial Levels (2023)

O Flood Management Requlation of the Ministry of Energy (2016 — Revised in 2021)




Entities responsible for the National Disaster Risk Reduction Program (Flood Risk) under Article 4 of the 1400 Law
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Guidelines for Surface Water Control (Flood), Subsection (1), Clause (C), Article 14 of the National Crisis

Management Law - 03/20/1402

The Ministry of Energy is required, in cooperation with the Ministry of Interior (Municipalities and Rural Districts Organization) and the Ministry of
Agriculture, to establish the necessary mechanisms for the control of surface water (floods) at the national and provincial levels.

Flood control is a component of flood management, comprising a set of programs and measures that primarily aim to prevent the occurrence of flood-
related crises and strengthen preparedness for potential events.

Objective of the Guideline: To define and distinguish how responsibilities are carried out and to clarify the relationships among the authorities and
stakeholders responsible for flood control at the national and provincial levels.
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(Committee Chairman)

Regional Water Company (Committee
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Of! el 5 39002

= National Crisis Management Organization Provincial Crisis Management

Directorate

Ministry of Interior
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Governor's Office, Office of Urban Affairs and

Organization of Municipalities and Councils, Office of Rural Affairs

Villages

Provincial Department of Natural Resources
and Watershed Management

Ministry of Agriculture

Provincial Committee

National Natural Resources and Watershed
Management Organization

Control and Reduction

Road and Urban Development

Flood Risk Control and Reduction

Meteorology organization

National Committee for Flood Risk

Ministry of Roads and Urban

Development




Number of actions and tasks in the six groups of the

Coordination & Reservoir Sa_lfety_& .
. Sustainability of : . : Forecasting & L .
Crisis management and River Engineering . Monitoring Action Stage
Management operation By Warning
Total g P Wastewater Facilities
Actions Crisis River Basins office & Responsible for action
Managerment River Basins River River Basins Water Research National Water
g office Basins office office Institute Information and Data stage
office .
Office
Before Warning
46 10 8 9 13 3 3 lssuance
From Warning Issuance
22 ! 3 S 4 1 2 Until End of Flood Event
24 3 4 5 7 1 4 After Flood Recedes
92 20 15 19 24 5 9 Total
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Institutional coordination before the upcoming El Nino
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Institutional coordination before the upcoming
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Water Management Strategies in EI Nifio conditions

1: Monitoring, Early Warning, and Loss Reduction (Monitoring and Rapid Response)

Objective: Reduce loss of life and urban damage using technology.

Establishing an online monitoring system (Real-time Monitoring) for all hydrometric and rain gauge stations upstream of dams and cities.
Sending leveled warnings (orange and red colors) via radio, television, and SMS to residents along rivers and streams.
Preparing and updating flood zoning maps (with dam failure scenarios) for villages downstream of large dams and announcing evacuation routes.

Readiness of emergency management equipment such as diesel generators, machinery, etc.

2: Safety Management and Operation of Water Infrastructure (Structural Engineering)

Objective: Prevent dam damage and failure and increase transfer and storage capacity

Comprehensive technical inspection of the body, abutment, and bottom outlets of dams
Conduct operational tests (Test Run) and maneuvers of all intakes, spillway, and power plant gates at 100% of nominal capacity,
Dredging and reshaping of main rivers, especially upstream of large cities, to increase flood transfer capacity.

Identify non-standard intersection structures and correct them

3: Proactive and Dynamic Reservoir Management (Operation based on Forecast)

Objective: Creating sufficient free space in dams without causing damage downstream.

Conducting technical meetings of the “Flood Command and Support Committee” to review the dam release scenario

Stepwise and intelligent release (not all at once) from early October, in line with the dam volume-height curve and 15-day meteorological forecasts.

Evaluating conditions and determining a "Flood Buffer™ in reservoirs for flood peak management (maintaining dam water levels below normal levels for flood peak management)
Coordinating with hydropower plants for facility management and electricity generation

Efforts to maximize reservoir storage at the end of the rainy season



Water management strategies in El Nino conditions

4: Using floods to improve groundwater resources (artificial recharge)

Objective: Converting the threat of floods into an opportunity for water storage and subsequent drought management (La Nina).

Controlled flood diversion to absorption basins and turkiness

Flood spreading in permeable plains

Construction or rehabilitation of short rock-mud and gabion dams upstream of basins to increase the time for water to infiltrate the aquifers and reduce flood
velocity

Temporarily closing some drainage channels in downstream areas so that water infiltrates the ground instead of leaving the area (with relevant risk assessment
and coordination with farmers).

5: Adaptive Management and Inter-Sectoral Coordination (Institutional and Social)

Objective: Reducing conflicts between agencies and raising awareness among stakeholders.

Holding regular meetings of "Flood Command and Support Committee" with the presence of member agencies and issuing necessary warnings to all executive
agencies and the society.

Implementing a feedback collection and re-scenario planning system in the control room

Coordinating with downstream residents and farmers based on plans for releasing water from reservoirs and flood management.

Implementing a media campaign to warn agencies and citizens about the risk of flooding and accident-prone areas.

Raising awareness about the risks associated with staying in waterways and traveling on flooded roads.

6: Planning for the Post-El Nifio Period

Objective: Maximum water storage to get through the dry summer and autumn of the following year.

Cessation of unnecessary releases from dams starting in mid-spring (depending on the region's climate and the end of the rainy season), and initiating full
reservoir storage for the hot months.

Creating a reliable reserve for drinking water for a period of approximately 2 years (to get through La Nifa).

Conducting forecasting studies on the occurrence of La Nifia and issuing drought warnings to farmers in early summer (if necessary), with the aim of ensuring
compliance with cropping patterns for upcoming seasons.



Case Study of EIl Nino Effects

(Khuzestan Province)



Evaluation of the effects of strong El Nifio in Khuzestan Province

(Case study of Dez Dam)

The dams of Khuzestan province have been evaluated in terms of El Nino phenomenon activity and management solutions have been

adopted. In this section, case analyzes related to Dez Dam are carried out and then comprehensive solutions are presented.

Statistical analysis of the monthly relationship between the
Dez Dam inlet and EI Nino

Monthly ENSO-Dez inflow associatigg*(* p<0.05)

””” 0.26%

0.20

Detrended Pearson r

0.18




Statistical analysis of the seasonal relationship between the Dez Dam inlet and El Nino

Seasonal ENSO-Dez inflow association

0.6 -
r=0.53 r=0.52
p=0.000 p=0.000

Pearson r (standardized inflow)

Paayiz Zemestan Bahar Taabestan



Hydrological status of the Dez basin in Autumn during different EI Nino-La Nina periods.

Autumn: ENSO phase versus Dez inflow drought/wetness class

4
@ La Nina (n=23)
® Neutral (n=19) ® 1373
@ El Nino (n=21)
—— Linear fit: r=0.53, p=0.000
3
2 -
Very wet i372

e e e e e e ]

361

Standardized Dez inflow anomaly (Z)

—2 Very dry

Mean Autumn Nino 3.4 anomaly (°C)



Hydrological status of the Dez basin in winter during different EI Nino-La Nina periods.

Winter: ENSO phase versus Dez inflow drought/wetness class

4 -

O La Nina (n=23)

@ Neutral (n=21)

@ El Nino (h=19)

—— Linear fit: r=0.32, p=0.011
3 —
1371
@
1366

2 ®

Standardized Dez inflow anomaly (Z)

—2 Very dry

Mean Winter Nino 3.4 anomaly (°C)



Hydrological status of the Dez basin in spring during different EI Nino-La Nina periods.

Spring: ENSO phase versus Dez inflow drought/wetness class

4 -
@® La Nina (n=15)
@® Neutral (n=38)
@ El Nino (n=10)
—— Linear fit: r=0.52, p=0.000
37 1371
@
1370
1:397 ®

Standardized Dez inflow anomaly (Z)

—2 7 Very dry

Mean Spring Nifio 3.4 anomaly (°C)



Hydrological behavior of the basin in years with strongest EI Nino

Behavior of the strongest El Nino events

. Autumn B Winter B Spring

Standardized seasonal inflow anomaly

—0.5 -

1361 1376 1394 1370 1351 1344
peak 2.49 peak 2.28 peak 2.27 peak 2.19 peak 2.02 peak 1.97



1356 1

1380

1371 1

1351

1394 1

1397

1350 1

1372 1
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El Nino Index Conditions During the Wettest Autumns

Ten wettest autumns in the historical record

2023

188.7

185.9

185.6

182.2

180.6

180.5

172.8

158.2

100 200

300 400 500
Mean autumn inflow (m3/s)

Rank Water Year | Autumn Q AEuliluSrgn
1 1373 545 1.16
2 1356 202.3 1.04
3 1380 188.7 —0.24
4 1371 185.9 0.11
5 1351 185.6 1.93
6 1394 182.2 213
7 1397 180.6 0.77
8 1350 180.5 —0.41
9 1372 172.8 0.44
10 1357 158.2 0.08




El Nino and Risks - Assessment of Khuzestan province

Risk Categorizing

Infrastructural and fundamental risks

Risks associated with water resources management

Deficiencies in monitoring infrastructure, IT & OT

Providing financial resources for crisis management

Contradictory and opaque laws and reqgulations

Deficiencies in meteorological and hydrological

forecasting infrastructure

Domestic

Environmental

Structures and facilities

Population centers

Agricultural lands




Effects of floods in Khuzestan Province and required actions

> Short-term forecasts
» Creating  surface  water
collection infrastructure

Increasing Dams Outflow

» Strengthening medium- and
long-term forecasting systems

» Dam reservoir management

» Flood zoning

» Flood plain management

Flash Floods

A

» Short-term forecasts

» Flood warning systems

» Strengthening levees,
blockages removal and
dredging



Actions adopted for integrated water management during EIl Nino and La Nina conditions in Khuzestan

(Recommendations for strong EI Nifio conditions)

Regular convening of crisis management meetings.

Improving early warning systems and public awareness systems

Preparing monitoring and forecasting systems to support adaptive management.

o 0O O O

Managing resources and demands in dams to ensure water availability under El Nino and La Nifa conditions, including a

reliable time window following El Nifo.

Conducting drills and ensuring the readiness of facilities and equipment.

Improving the water guality of Gotvand Dam through simultaneous operation of the bottom outlets and the power plant.

Floodwater filling of the wetlands (to meet environmental water requirements and control of dust).

Using floodwater to improve soil conditions.

Improving groundwater balance in the northern and western parts of the province.

Reducing the cultivated area of water-intensive crops through incentive mechanisms.

Managing water intake for fish farms considering the low water quality during flood conditions.

Water exchange between the Karkheh and Karun systems.

o 0o 0o o 0 o o o o

Prioritizing and planning of water demands (Domestic, environmental, agricultural and hydropower generation).




Thanks for your attention



