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Forecast Uncertainty Increases with Lead Time

Forecast spread widens as the prediction horizon extends

Probabilistic / & Beyond monthly lead times, forecasts
. primarily provide probabilistic guidance—
Strategic = -
not event-specific predictions.
Forecast
Uncertainty
and Decision
Function

—— — Planning Guidance

' Threat Assessment
Operational Forecasts .
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Longer Lead Time, Higher Uncertainty, Lower Skill

From weather forecasts to hydrological decisions
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Seasons
(3—6 months)

Climate outlook
(longer-term)

Uncerta'mty

More time
Cmarter '
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ck managem

 Warnings
e Real-time operations
e Flood response

Highest skill

Lowest uncertainty
Most actionable

Short-term operations
« Reservoic releases
e Flood/drought management

Good skill

Increasing uncertainty

e Early planning
e Update scenarios
e Adaptive management

Moderate skill

Significant uncertainty
Use as guidance

e Allocation planning

e Crop pattern decisions

* Risk assessment

Low skill
High uncertainty

Use for scenario analysis

As the forecast horizon extends from days to seasons, uncertainty increases and forecast skill decreases,

requiring a shift from operational response to risk-based and adaptive decision-making.

e Strategic planning
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e Infrastructure development

e Long-term resilience

Very low skill

Very high uncertainty

Only for long-term guidance

Uncertainty is a challenge

Better decisions are & choice



Cascading Uncertainty in the Forecasting Chain

Sources of Uncertainty from Weather and Climate Forecasts
to Hydrological Forecasts

Weather & Climate Forecast
(atmospheric processes)

Initial conditions
(atmospheric state, SST, soil moisture, etc.)

Model structure & parameterization
(e.g., convection, clouds, land—atmosphere
interactions)

Internal climate variability
(e.g., ENSO, MJO, atmospheric chaos)

Boundary conditions
(e.g., SST, sea ice, external forcings)

Downscaling & bias correction

(from global to regional/basin scale)

Uncertainty

Increasing forecast lead time
(lower predictability with time)

CEHI &S

High \Forecast skill

From Weather to Hydrological Forcing

(bridging the scales)

Spatial-scale mismatch
@ _" (coarse forecast grid vs. watershed scale)

Temporal-scale mismatch
(seasonal/monthly vs. daily/hourly)

Propagation and amplification
of uncertainty

Meteorological forecast uncertainty
is propagated and combined with
hydrological system uncertainties.

Precipitation timing & intensity
uncertainty

4 0.4 (correct seasonal total but wrong
timing, location or intensity)
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the forecasting ©

Hydrological Forecast
(watershed and river system)

Meteorological forcing uncertainty
(precipitation, temperature, PET, etc.)

Hydrological initial conditions
(soil moisture, snow, groundwater,
river flow, reservoir storage)

Model structure
(runoff generation, routing, groundwater,
snowmelt, etc.)

Model parameters
(e.g., infilitration, roughness, recession constants)

Observational/data uncertainty
(rain gauges, radar/satellite, discharge rating)

Human interventions
(reservoir operations, diversions, irrigation)

Uncertainty High
_4>

Forecast

———

Skill

Low
Hours Days Weeks
(0—1 day) (1-7 days) (2—4 weeks)

Forecast lead time

Months

(1—3 months)

— Low
Seasons
(3—6 months)

Longer forecast lead time = higher uncertainty - lower forecast skill



One Forecast, Different Perspectives
Interacting views, complex decisions

e i e®e
7 g Dialogue @A
Different and knowledge Different
interpretations ( exchange ‘ priorities
: E?(perts : Political Decision Makers
(Scientists & Technical) (Government & Policymakers)
e i ‘ « Consider multiple
Sciéantific evidence A nalyzo climate devers O:J"'—‘Ctives and interests Policly decisionds,
and uncertainty o Assess forecast skill * Assess economic, regulations an
information and uncertainty social and political impacts resource allocation

« Allocate resources
and set policies

e Provide scenarios
and risk information

 Manage risk and
public expectations

e Communicate
limitations

Seasonal
Climate Forecast

Potential
T conflicts

Diverse A e v'
risk perceptions T e . » g

e.g. El Nino

Communication higher probability Public feedback
and trust of above-normal rainfall and political pressure

Society B 1 y

(Public, Communities & Stakeholders

= Interpret the forecast based
on their needs and experiiences
« Form expectations and adapt behavior Interacting

Media and I
influences

information flows prices, livelihoods)

« Influence decisions through media,
public opinion and social networks

Expectations, concerns
and societal response

Towards informed and balanced decisions

Integrating science, policy and society for a more resilient future




Khuzestan Province
At the Heart of Iran’s Water System

Water for People, Agriculture and a Prosperous Tomorrow

= River Basin Boundary
Kermanshah

Karun Kiver, Ahvaz
A resilient land
A chared future

Chaharmahal
1 & and Bakhtiari

Greater Karun
Basin X )
5

N =

Kohgiluyeh

People and Cities
A dynamic and resilient society

WS
Agriculture
Fertile lands, greater food security

Wetlands

Driving regional development Valuable ecosystems

Khuzestan Water & Power Authority

Comprehensive Water Resources Studies

and Boyer-Ahmad'\

= Khuzestan Province Boundary

IRAN l
Khuzestan g

e®e 5.1 million

'-‘ Population in Khuzestan Province
Located in the downstream of

N . . .

#~— 3 major river basins

~ ]

Freom the Z“f”‘“ K

Karkheh, Greater Karun, and
Zohreh—-Jarrahi

A major agricultural hub
A key contributor to the country’s
food security

>93%

of the province's water needs
are supplied from surface water

Regulated by the country’s
largest reservoir system
with a total storage capacity of
> 23.5 billion cubic meters

Long-term average inflow

25 — 28 billion cubic meters
with extreme variations from

10 to 50 billion cubic meters

Water distribution and management
through an extensive river network of

> 11,000 kilometers

Highlights the importance of
hydro-climatic forecasts

in managing floods, droughts and
food security

the Fersian 444{
4 Shared Tomorrow
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Agricultural Water Planning in Khuzestan Longer commitments

Forecast horizons, decision windows and water commitments for fall and summer crops shorter reliable forecasts

Aug Sep Oct Nov Dec Jan Feb Mar Apr May
(31350) (9244) () (G1) (30 (69) (0ag) (o) ((29,8) (Culigy)l)
II Farmers' decision window ¢ Mid-August~End of November
| (OliygliS (g8 a0 0y2ui) (investment, crop choice, land preparation, input procurement) |
Fall Cr0pping | Official planning & decision Late September - Early October .
Season /sl _ _ | o ool o o) |
(Autumn-Spring)  Water-supply commitment P November ~ End of May y |
‘..I " l e (full water supply commitment for fall crops) )
Peak: December Peak: March
Crop period: | Peak water demand 430 (sikul) I
Aban - Ordbehestt I (s . /.\_/’\ l
(Nov-Apr/May) = == == == o o = ————— - e e e e e e e e e e = e e e e e e = s

. » " ' i L i
Forecast skill & reliability ?,'f,:;;‘,‘;l)l Moderate skl (guid::cﬂ(:lalnly)
(ke it 01 Cuablt 9 lga)



Summer
Cropping Season
(Spring-Summer)

Crop period:
Khordad - Mehr
(Jun - Sep/Oct)

Summer Cropping Season - Decision Timing, Water Availability and Forecast Uncertainty Uncertainty s highest before

: . : ; ' : A the end of the wet season,
From uncertain estimates in late winter to more reliable information after the wet season then decreases as actual conditions emerge.
Feb Mar Apr May Jun Jul Aug Sep Oct
(ra2) (idawl) (041929) (Cuiigaaayl) (s135) () (315) (920440) (40)
_— _— _— —_— _— —_— —_— _— _— —_— _— —_— _— _— _— _— _— _— _— —_— _— _—y
frarmers’ decision window «——— March - End of May ——» |
| (investment, crop choice, land preparation)
| Official planning & decision Late April = Early May
Water-supply commitment | < June - End of October > |

(full supply for summer crops)

r - e SR R

Peak water demand _/.\ |
| )

; o Low confidence : nce : —
Confidence in summer water availability (snowpack, remaining rainfall ncreasing confidenc=—¥ High confidence
(based on forecasts, snowmelt and observed conditions) uncertain inflow) (observed conditions
and hydrological trends)

Main information sources Seasonal forecasts dominate Transition Observed hydrology and trends dominate
for water availability assessment € (highuncertainty) =~~~ (forecasts + emerging observations) ——— (reservoir storage, snowmelt, realized inflows)
Key messages: Farmers' decision window B
o Uncertainty about summer water availability is highest in Bahman, Esfand and Farvardin due to remaining () Official planning & decision . Better d(?ClSIons .
winter precipitation, uncertain snowmelt and yet-to-be-realized inflows. 0 Water-sy r—— with better information
o Reliability improves significantly from late Farvardin to Ordibehesht as the wet season ends and actual conditions emerge. ‘ — at the right time
o Farmers' decision window (March-May) largely overlaps with a period of decreasing uncertainty. /7N Water demand (relative)

o By the time of the official decision (late April-early May), information is substantially more reliable than in late winter. -
o Peak water demand occurs in late July-early August.
o Adaptive planning and staged decision-making can reduce risks.

Confidence in water availability (low — high)

Main information sources



Fall 2023: When Forecasts, Decisions and reality don’t align

Optimistic seasonal forecasts led to higher expectations and commitments, while risk-based reservoir?nanagement
preserved strategic storage and prevented major losses during a dry winter.

1 V' Summer 2023 Late Summer - Autumn 2023 Winter 2023-2024 Outcome
_  (Tir-Shahrivar 1402) (Shahrivar-Aban 1402) (Dey-Esfand 1402) Resilience and avoided losses
S £ - ‘ Decisions and commitments Reality: much lower inflows -
easona orecas . .
- Actual inflow deficit Strategic storage preserved
o e T b e D oot
S gHonS during the winter deficit.
me‘—\% « Significant expansion of Greater Karun  [S -35% &
L\ fall cropping pez [ -50% W .
Longlead i ; ) . - ater-supply commitments
(;—n6g ,:gnﬂ.:g;e ~ el lclcr:weni?terg :;" ?ter supply Karkheh | -67% O for key uses (including agriculture)
> oAl Marun [ -69% were maintained.
High uncertain Zohreh -519
g Y Water managers otveh | 1% 0 A major economic, social and
* Despite strong public and Total inflow (province) environmental loss was avoided.
This message was widely stakeholder pressure to release 5 49(y
communicated and increased more water ... il (s}
public expectations. P aten \
geSeIVE SHALEGIC W N Peak winter
reservoir storage AR water demand

Release more water! »

A wet winter is coming! fsiniain & safety buffer

against forecast uncertainty. .
- today, more secure

tomorrow

Reliable forecast horizon :
~ 1-3 months) 1
(— | Forecasts influence early actions,
v I but decisions create long-lasting commitments.
Decision & commitment horizon (fall cropp|ng cy_) ﬁ

(~ 6-8 months)

Same information-

When forecast horizons are shorter than commitment horizons, preserving flexibility becomes a risk-management strategy. Different horizons.

D:fferent outcomes.




Winter 2024 (1404): A Real Example of Forecast-Decision Horizon Mismatch Uncertain forecasts.

Difficult decisions.

A critical decision under severe drought, followed by an unexpected spring recovery Real-world outcomes.
Prolonged drought Winter 2024 (Esfand 1404) e Forecast-Decision What actually happened?
(18 months) The decision under uncertainty Horizon Mismatch A major spring recovery, far larger
Very low inflows and declining reservoir storage Pea_l:(hwater de.mantd f‘?t( falll|cro|ps, The decision had to be made in winter, than expected
before winter 2024 (1404) kbbbt Ll e while spring inflows were still unknown Previous 6 months Spring (2 months)
: Mehr 1403 - Esfand 1404 Farvardin-Ordibehesht 1405
Inflow to dams (Mehr 1403 - Esfand 1404) ,”’ and not well captured by seasonal forecasts (Mehr sfa ) (Farvardin-Ordi )
6 286 = 6,286 MCM ~ 2 6x 16,379 MCM
L]
! MCM Preserve storage Decision point Spring inflow (629°5CH) P (16:55'BCMY)
Supply fall crops oy higher inflow
(6.29 BCM) : (Esfand 1404) (unknown at decision time) ~ Karun(eg Gotnd) 3,313 5 e Karun (eg Gotvand) 7,411
Prevent severe damage peGEs e A De il De 4,734
A47% o Bixrerttroduction summer water shortage ! l - ' - '
v 0 procu (for drinking water, ®--——-- > Karkheh 816 » Karkheh 3228
below long-term average environment, etc.) | Key information : Marun 388 Marun 874
b (11,790 MCM) Requires releasing Requires restricting : not yet available : Jarahi 58 Jarahi 133
' —— more water releases { { Total 6,286 Total 16,379
e v v Today Farvardin-Ordibehesht 1405
\ Y Spring inflow in just two months was about 2.6 times
Risk-based decision the total inflow of the previous six months.
Integrating multiple sources of information The magnitude of spring inflows BRI > NOURIery T\
' was not indicated by the seasonal " Ly I R G / 3
1 @ A forecast models. g b . Vs
Reservgi.r storage g Sea's;mal ESP inflow Markov chain A , R ir st .
at a critical level e . g, weather forecasts forecasting analysis o 3 eservoir storage
by winter 2024 G, ATy (probabilistic) (hydrological) (stochastic) SRRt recovered significantly
Reliable forecast horizon R e FORECAST-DECISION HORIZON MISMATCH
(~1-3 months) i Decisions had to be made months before the actual spring inflows were known.
,fﬁ Decision and commitment horizon (fall cropping season)

~ 5-7 montbhs (planting — peak demand — harvest)

The critical decision had to be made before the most important hydrological information became observable. g™ Different horizons

More resilient water management

Forecasts inform the decision. Risk management bridges the uncertainty. { —




From Forecasts to Action

Integrated Forecasting and Risk-Based Water Management for Khuzestan
Multiple Forecasting Inputs

Complementary sources for future inflow estimation

Integrated Inflow Scenario Generation

Combining forecasts and system knowledge

. nale
ntla If %
7 A ‘{a//ol/{tfe Posiliont Rhazester

Buitd & *°

Seasonal Climate ESP Markov-Chain Hydrological Modeling Reservoir Rule Curves Inflow Scenarios
Forecasts (Ensgmple Streamflow Analysis « NAM (National Applied Model) and System Constraints 3 Seasonal inflow scenarios for Khuzestan
* Global & regional models Prsdie) » Based on historical P p-p & Thant! Sanifas nan aperation
( ECMWgF NMME » Using historical infl e SAWT (Semi-distributed and drought control curves 25,000 o —— Wet /Upper Scenario
CB= ELMIVIE, ) meteorological sequences inflow sequenf:es Agricultural Watershed Tool) e Current reservoir storage —— Most Likely Scenario
e Precipitation and A p 0 e Captures persistence e Integrated simulation of * Downstream and environmental s -~ Dry / Conservative Scenario
temperature outlooks * Accounts for natura and transition probabilities basin rainfall-runoff + requirements & 20,000 1 Ensemble Range (Uncertainty)
- ) variability asin rainfall-runoff processes o \Witer b a4 icult z :
» Downscaling to the basin g « Generates complementary ater demands (agriculture, 2 g
e Generates probabilistic infl : drinking water, industry, wetlands) = E 15000
T streamflow forecasts OW.Secnaes gL
B R - =~ Flood Control Curve 295
. .l B —— Normal Operation Curve = S 10,000 -
el / \ :E; 330 ~ =~ Drought Control Curve g 2
R : 7/ B 310 °E 5,000 -
P g 2 290
. s : T =
- e 2 270 0 T T T
Seasonal precipitation Transition & 0 b Oct Nov Dec Jan Feb Mar Apr May
anomaly (e.g. NMME) ESP from historical records Probabilities Oct Nov Dec Jan Feb Mar Apr May

Integrated analysis and scenario development

Forecasting information

Risk-Based Water Management Plan

From scenarios to proactive and adaptive decisions Higher preparedness

Scenario Assessment
and Risk Analysis

» Evaluate flood and drought risks
» Assess water supply reliability

* Analyze socio-economic
and environmental impacts

Management Strategy Development Proactive Water Resources 0 Reduced risks

and Demand Management
in Khuzestan

* Determine seasonal reservoir releases

» Allocation to water uses (agriculture,
drinking water, industry, environment)

* Contingency measures

* Adaptive management options

Efficient water allocation

©]

People « Water « Sustainable Development

'Tmaz‘

Greater resilience

Adaptive to uncertainty

Khuzestan Water & Power Authority
Comprehensive Water Resources Studies
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Communicating Seasonal Forecasts for Real-World Decisions Fror st qund

Same information. A shared understanding. A more resilient Khuzestan. ]; Comm?" T _—
1. A Probabilistic 2. Different Interpretations 3. Clear and Inclusive 4. A Shared Understanding
Seasonal Forecast Can Lead to Different Expectations Communication for Better Decisions
Present the full range of scenarios o
and uncertainty in a simple way / \\
A wet year! A possible wet What are the risks? / — 7\\
| can expand signal, but with How should we 50% Same information :
cultivation. high uncertainty. plan? common understanding ,'
30% More resilient decisions |
20% \ )/
- P =5
Below Near Above e,
i Normal Normal Normal
Drier Near Normal Wetter €
8.\ 4,4 5
e.g. Higher probability People Experts Decision Makers ’
of above-normal rainfall (Farmers / Public)  (Technical Analysis)  (Planning & Policy) — —
in autumn Hope and opportunity Cautious assessment  Risk and trade-offs Uncertainty is part of the message

through clear visuals and suitable information, so that seasonal forecasts lead to realistic expectations
and more effective, timely and widely supported decisions.

/ Our goal is to align the understanding of the public, experts and decision makers

e n AT Yok
a : i

f Khuzestan Water & Power Authority
f Comprehensive Water Resources Studies



CONCLUSION

tainty
noe!,
Key Takeaways W Tatey | Fonarr®
ege . - A— gﬁW
From Forecasts to More Informed, Resilient Decisions
e e T X X \‘_’ ¢ )
; s R—
1 Uncertainty 2 Align Decision 3 Manage Risk — 4 Move from Reactive
Is Inevitable Windows & Understanding Not a Single Forecast to Proactive Management
Forecast uncertainty Provide timely information Use multiple forecasts and Anticipate possible futures,
increases with lead time and build a shared scenarios to evaluate risk, prepare actions in advance
and propagates into understanding among preserve flexibility and and adapt as conditions
hydrological predictions. the public, experts and update decisions as new evolve.
decision makers. information becomes available.
/ THE GOAL IS NOT TO ELIMINATE UNCERTAINTY.

From Uncertainty
to Opportunity

PEOPLE = KNOWLEDGE +« COLLABORATION =+ RESILIENT TOMORROWS




Thank you for your attention

Alish1980@gmail.com



