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CONNECTED CHALLENGES. INTEGRATED SOLUTIONS.

How models connect drought, floods and fire to support better decisions for land, water and climate resilience.
CLIMATE CHANGE DRIVERS — CHANGING PRECIPITATION PATTERNS & INCREASING TEMPERATURES

CHANGING PRECIPITATION PATTERNS MORE EXTREMES LONGER DRY PERIODS MORE VARIABILITY INCREASING TEMPERATURES

WHAT IF?

Explore options.
Assess impacts.

4:6% + More intense rainfall events + Higher average temperatures S
4%« Longer dry periods a = +/More hoatwaves Make better decisions.
* Greater variability 21 HeavyRainfall « Higher evaporation

«+ Shifts in seasonality

¥

S HOW IT'S MADE WORSE BY
-@ - DROUGHT HOW IT CONTRIBUTES . FLOODS DROUGHT & FIRE
A * Dry soils become hard ‘0

2 . and less able to absorb
« Soil moisture decline rain

* Reduced streamflow « Less vegetation cover
* Lower groundwater levels  reduces infiltration
+ Crop stress &yield loss  « More erodible soils

« Increased evapotranspiration

v

FIRE HOW IT CONTRIBUTES

+ Removes vegetation cover

+ Soils become water repellent
* Increased erosion risk

+ More runoff & flooding
downstream

+ Degrades water quality

WATER OPTIONS
Reservoirs, water
allocation, floodplain
restoration, recharge

Past Now & Future

Past Now & Future

CROP & LAND OPTIONS
Drought-tolerant crops,
cover crops, agroforestry,
sustainable practices

4“4” < Intense rainfall « Drought-hardened soils
« Rapid runoff increase runoff
« Loss of vegetation cover
reduces infiltration
« Burned soils repel water
and produce more runoff

i Less rainfall « Drier vegetation

« Increased fire risk

« Wildfire impacts

+ Soil degradation

* More runoff & erosion

* River & stream flooding
* Soil erosion
* Water quality impacts

LANDSCAPE OPTIONS

Reforestation, fuel
management, soil
& soil heating 7 . \*F . protection

~5¥ Dry soils & low vegetation ! ~ ~ s iy - - T Vegetation loss
reduce infiltration f 4

e > ; f{Moreié tasterim / B gL ¥ ; ; POLICY & MANAGEMENT
More surface runoff | S > 2 overwhelms rivers Water repellent soils o gt B’y
whenitrains | : . Y . 4 increase runoff o N Risk-informed planning,
- - : g o g —— . K - — K X early warning systems,
. * 3 z S * > > = resilient infrastructure

More flood risk B p S0 Z
downstream - .

BETTER OUTCOMES

Less infiltration - : : =rEg P s : = @ Water security
More evaporation < : > s
‘ P »? Productive landscapes

Reduced recharge, . . o Reduced disaster risk
Reduced groundwater recharge higher flood peaks g
during droughts & after fires | More channel erosion
Limits water availability |

Lower groundwater levels

Less baseflow to rivers 22 Resilient communities

MODELS CONNECT THE SYSTEM

CLIMATE MODELS HYDROLOGIC MODELS CROP & SOIL MODELS FIRE BEHAVIOR MODELS IMPACT & RISK MODELS
Rainfall, temperature, =% Runoff, streamflow, -»> Soil moisture, crop =¥ Fire risk, spread, > Economic, environmental
drought projections floods, groundwater growth, yields impacts & social impacts

L Rooted in Greek
5 landscapes.
~ Built for resilience.

J

Integrated modeling = informed decisions for a resilient future
Dr. Terry Nipp




CLIMATE MODELING AND Al FOR GREECE

Using Al to Downscale Climate Models for Actionable Water - @ Meteo

and Crop Resilience at National & Regional Scales IERSD - NOA oy
From Global Climate Information to Local Impact and Decision Support
§ N 1
(1. GLOBAL CLIMATE MODELS ( 2. Al DOWNSCALING AT NOA/METEO | Augures! 3. HIGH-RESOLUTION CLIMATE
CMIP6 and other Earth System Models Bringing climate information to where it matters OUTPUTS INFORMATION

Decadal forecasts:
1-10 year horizon

Seasonal forecasts:

Monthly to
seasonal (S2S)
Al/ML models (deep learning) have been horizons
Large-scale projections of future climate i i B = ) B
i b -:e : gy trained ;z downslca!e n‘;etegr:l;glc;IRﬁelds Bias=cormacied; hijiisveadiilion pnsjictions
b ! i : ) & to Skm resolution for GR, RO, ) S = I\ and forecasts for improved skill and local relevance
L — —
i \ <
INPUTS 4. WATER MODELING \ 5. CROP MODELING (OLIVE) 6. DECISION SUPPORT
Where will the water go? [ Can crops thrive with this water? Turning insights into action
‘ Downscaled 7 \) ;
s8¢ Precipitation 7 SWAT AT{ HAWQS Q k, ( b Ag "li‘ MIP P ~ ,m Farm & Land Managers
Soil & Water TEXAS &&M R L1 2 Irrigation planning, cro
Assessment Tool UNIVERSITY  ARISTOTLE | - av?“ablmy g i feiin Q—o ma?\agem:nt risl? neduttion
Temperature — UNIVERSITY OF from rivers, y #p insights for 1
‘ S THESSALONIKI i -
3o < = resBrveNs & Decisions | 0 Water Managers
=29 ‘M"f" f"“"“d"y- ground.waler & t g Allocation, reservoir operations,
"0 Radiation (quantity & . MY drought & flood preparedness
quality)
* Extreme Events ¢ Runoff & streamflow w - Soil water balance for crops AMERICAN ‘ Policy Makers
*  Soil moisture & groundwater recharge + Olive growth, yield & oil quality FARM SCHOOL | III Resilient water & agricultural
* Reservoir inflows & water availability * lrrigation demand & deficit analysis THESSALONIKI ‘; strategies, adaptation planning
L | \- Water quality & pollutant transport L * Climate risk to production & economics /. )
P4 ,

Dr. Terry Nipp



FORECAST-TO-IMPACT MODELING FRAMEWORK

From Global Climate Information to Local Decisions

1. GLOBAL CLIMATE
INFORMATION

CMIP6

y

Global Climate Models
Historical & Future Scenarios

»

(@

2. Al DOWNSCALING W

AT NOA / METEO
Al & MACHINE LEARNING

| Downscaling & Bias Correction

Statistical Post-processing
Al-Enhanced Seasonal
Projections

FORECASTS BECOME ACTIONABLE

WHEN TRANSLATED INTO HYDROLOGIC

STATES AND SECTORAL IMPACTS.

3. HIGH-RESOLUTION
FORECAST PRODUCTS

~2 km RESOLUTION

Short-term (hours-days)
Medium-range (days-weeks)
Seasonal (months)

Ensembles & Probabilities

©

HIGH-RESOLUTION
FORECASTS

4. SWAT / HAWQS
WATERSHED MODELING

5. HYDROLOGIC
STATES

MODEL OUTPUTS

Evapotranspiration
(ET)

SWAT+
HAWQS

Cloud Platform

Streamflow
(Flow & Timing)

Soil Moisture
(Profiles)

Groundwater
o Hydrologic Simulation (Recharge & Levels)
o Water Quality
o Evapotranspiration 3
T Reservoir Storage
* Soil Moisture
& Releases
* Groundwater & Baseflow
© Reservoirs & Demands

PHYSICALLY-BASED
MODELING

IMPACT ASSESSMENT
& RISK ANALYSIS

6. IMPACT MODELS

& DECISION SUPPORT
SECTORAL APPLICATIONS
AGRICULTURE
Crop water stress,
yield, quality,

(&)

e

A

( ﬂ )

e

(

irrigation demand

WATER RESOURCES
Water supply,
allocation, reliability,
reservoir operations

FLOOD RISK
Inundation potential,
early warning,
preparedness

WILDFIRE RISK
Fuel moisture,

fire danger,
suppression planning

INFORMED DECISIONS

& RESILIENCE

NOA Forecasts — SWAT/HAWQS — Hydrologic States — Impacts —

Decisions



WATER MODELING FOR A RESILIENT GREECE

How much water, where and when - today and in the future

a )
1. CLIMATE INFORMATION

Downscaled decadal & seasonal
forecasts and projections

. Precipitation

%%’ (amount & timing)

& Temperature

Wind, Humidity,
Radiation

* Extreme Events

“--‘

* Where and how much

8 Infiltration, soil moisture

precipitation will occur

y 3
‘ % 4. MITIGATE FLOODS & PROTECT

COMMUNITIES

+ Forecast and map floods
* Identify at-risk areas
* Optimize reservoirs,
levees & floodways

+ Early warnings for
crisis managers

6 5. CAPTURE FLOODS TO RECHARGE

+ Divert excess flows to

spreading basins, « Cover crops & mulching + Increase soil moisture
recharge ponds, + Terracing & contour & ground cover
infiltration trenches farming | * Restore vegetation
* Increase groundwater « Reforestation & riparian d | Prevent wildfires
buffers

2. SWAT/HAWQS MODELING - THE COMPLETE WATER CYCLE

Assess how much water will be where, how it will change, and how we can manage it better

5_ Surface runoff

L ¥ | Infiitration & O Groundwater I Reservoirs &

O Water quahty& ; Wa\er supply

A~ &streamflow e soil harge & flow

lake op

RESERVOIRS
Storage, reliability ¥

RIVERS & WETLANDS
2 Flow routing, water quality
& ecosystem health

UPLANDS
& vegetation

P COASTAL WATERS
Water quality &
saline intrusion

AQUIFERS
Recharge, storage
& sustainable yield

AQUIFERS & MITIGATE DROUGHT INFILTRATION & WATER STORAGE

6. LAND MANAGEMENT TO INCREASE
LESS RISK

’ @ 7. MORE WATER, HEALTHIER LAND,

+ Conservation tillage * Reduce erosion & sediment

% | « Protect biodiversity
* Smart (deficit) irrigation & /
+ Reduce compaction X

Ve

"

3. WHAT WE CAN ASSESS

0 How much water will be where
(quantity & timing)

° How water availability will change
under climate change

° Flood extent, depth & timing

@ Water availability for communities,
agriculture & ecosystems

° Water quality & sediment risks

@ Performance of reservoirs,
groundwater & diversions

@ Impacts of land gement,
conservation & irrigation

0 Scenarios to support planning
and investments

* Reliable drinking water

for t

« Efficient irrigation for
olive groves & crops Pt
+ Healthy soils & higher yields 5

* Resil
&ru

OLIVE GROVES & CROPS

‘ @ 8. SUSTAIN WATER FOR PEOPLE,

owns & villages

lient agriculture
ral livelihoods X

Dr. Terry Nipp




WHY GREECE NEEDS A NATIONAL HAWQS PLATFORM

Strong Hydroclimatic Gradients. Competing Demands. Increasing Risks.

ﬁ NORTHERN GREECE
High precipitation

m-"' variability and

increasing flood risk

@ PELOPONNESE
FUre Frequent droughts

7‘."= and water scarcity
aBma® challenges

TRADITIONAL BASIN-BY-BASIN MODELING

- o O I

= s
Local data Requires Separate model Difficult to
availability SWAT development scale and ensure

varies | specialists and workflows consistency

INCONSISTENT ANALYSES + LIMITED SCALABILITY + HIGH TECHNICAL BARRIER |

A

=
o= .
: -l or SWAT expertise are scarce at local levels.

HAWQS provides the data, infrastructure, and technical capability
to run and manage SWAT models even when data, computing resources,

WHY HAWQS?

Limited local datasets
Limited modeling resources
Limited SWAT expertise

Need for nationally
consistent analyses

et SOt

CRETE

Limited water resources
in a highly vulnerable
environment

GREECE HAWQS APPROACH
T 6 | 'Y I
~— 3 @ 4 )l
National : Cloud-based | Pre-configured Accessible to
datasets | infrastructure SWAT models | users with varying
and standards | and storage and tools expertise

CONSISTENT ANALYSES - EASY ACCESS - SCALABLE + COST-EFFECTIVE

pe—

i HAWQS ADVANTAGES

° Consistent national datasets

/’l o Pre-configured watershed

ali models and workflows

Scalable from Reduces technical barriers
sub-basin to and training needs
national level Cloud-based execution—

run models anytime,
anywhere

Supports multi-scale

O B

DATA WHEN TECHNICAL RUNS
IT'S SCARCE ANYTIME

analysis from basin to
national level

(X P~
[afe ) I_-__l
LESS EXPERTISE CONSISTENT,
REQUIRED ACTIONABLE RESULTS




PROPOSED GREECE HAWQS ARCHITECTURE

A National-Scale Hydroclimatic Decision Support Platform

©
1. DATA LAYER 2. MODELING LAYER 3. DECISION LAYER
National Datasets & Inputs HAWQS Platform Applications & Decision Support
t,v.' NOA Forecasts
@ (2 km & Seasonal) SWAT+ ‘ H AWQS
‘ Historical Climate
% (Observations) E 6
p Topography National Cloud High Performance

Drought Monitoring
& Early Warning

Flood Forecasting
& Risk Assessment

O
&
» g“ Agricultural Resilience
o7
&
2

(DEM) Database Computing Infrastructure

Soils + z ¢:: Model Calibration & Validation
(National Soil Database) ®

Scenario Management

& Crop Production

Wildfire Risk
Assessment

Water Resources
Planning & Allocation

Land Use / Land Cover

(Updated Maps) ( 6
v

Workflow Automation

>

Reservoirs & Infrastructure & — ’ ®@®@® Stakeholder & Policy
(Locations & Operations) 41| Visualization & Analytics '.‘ Decision Support
e J NS ¢ e =4
e MULTI-SCALE APPLICATION
NATIONAL SCALE " | REGIONAL SCALE __ WATERSHED SCALE * FARM SCALE
Strategic Planning ~— =~~~ =% Regional Water "% Hydrologic Analysis ~~——- =% \{9 On-Farm Decisions
& Policy Management & Scenario Evaluation § ﬂ & Adaptation




CROP MODELING FOR RESILIENT OLIVES & CROPS IN GREECE

From Climate and Water to Smarter Management, Higher Quality, and Stronger Communities.

.| AUGURES! | .

| @ Yield, oil yield & qualiy (acidity, polyphenols, sensory)

3. WHAT WE CAN ASSESS & PREDICT

2. CROP MODELING

1. INPUTS
From data to decisions—simulating growth, yield, quality and risk

Improved decadal &

seasonal forecasts @ Optimal timing & amount of irrigation

Downscaled forecasts & ] ) &
projections (decadsl | AgMIP — CROP MODELING (model ensembles) OLIVE MODELING

; {ﬂ‘a Advanced Al/ML for ° Impacts of water stress on yield & quality
seasonal) 0 ‘ P % g; @ ' + Ofive phenology & yield ‘ e & s

+ Temperature y .l.ll. | .ol jon & quality | ° Drought, heat & frost risk to production

> ol jacaten ‘ Cuih (ke S0 e P D Cows . g, |  Wate sires tiing & ety /\[ﬁ]' Uncertainty . @ e (EMPs) for

. mn’:, hum|d;:y Prediction Weeds &Resilience  Analysis + Cultvar & site porformance | [ €°| 000U quantification K quality & resilience

. me events

+ Atemate bearing dynarmics. |

Gl i iacts < Scenario planning @ Economic returns under different scenarios

3 8-8 & risk assessment
@ WATER INFORMATION (from SWAT/HAWQS) © Trsdaofi yild ve: qualy v wate e
« Water availability (surface [@ )] Decision support @ Impacts of policies, incentives & investments

& groundwater)
« Soil moisture & infiltration
Knowl

« Reservoir operations ;&‘ svnﬂ*::: Better decisions for better groves, %% [

« Water quality ‘ co-development better oil, better livelihoods.

+ Drought & flood risks \ - )
\ R gl X 4
- —_—

4. FROM OLIVE GROVE TO PROCESSING - OPTIMIZING WATER & RESOURCES 5. OUTCOMES
OLIVE GROVE MANAGEMENT WATER MANAGEMENT HARVEST MANAGEMENT WASTE & BY-PRODUCTS OIL STORAGE & & High-quality olive oil

PROCESSING & MILLING
F with consistent
productivity
Efficient water use
& reduced costs

Resilient groves under
climate variability

&P e D~

* Smart irrigation scheduling « Deficit irrigation strategies « Optimal harvest timing | « Efficient extraction + Olive mill wastewater (OMW)

« Soil health & organic matter + Soil moisture monitoring (quality & yield) ‘ + Energy-efficient operations treatment & reuse Qually-preserving storage | - Qualty, raceabity & brandng Lowe(.environmental
« Cover crops & mulching ‘ + Efficient irrigation systems « Mechanization & logistics « Water use optimization + Composting of olive pomace baiig ki g footprint

« Pruning & canopy management « Timing stress for quality | + Minimize fruit damage < G & ouse p—— ‘ Bk vabid Fiorn Bijsprodicts . . i 9,2 Stronger rural

= YTIeTH P aomne + Conserve every drop + Minimize environmental footprint - m z"v:,:r:::

«+ Integrated pest management (IPM)

6

Dr. Terry Nipp




HYDROLOGY-CROP COUPLING FRAMEWORK

Turning Hydrologic States into Agricultural Intelligence

1. NOA FORECASTS

‘ glgaz;?‘:‘;l(;l:lzgsﬁe? tge;r:) ( ACTIONABLE AGRICULTURAL ]
INTELLIGENCE
KEY INPUTS ) —— ‘ Plan.ti‘ng & Irrigation
‘ S SWAT+ sv SW:E /H HdAMlIQS Decision Support
00, Precipitation H AWQS M:g:l?nge ydrologic s& grggrgtr:‘lsesrt l;/lonltonng
| ot

Temperature & - ‘

i # '@ 3 HYDROLOGIC STATES | -
Topography ; m — n

Yield Forecasting
& Planning

Risk Reduction &
Resilience Planning

& Soils
Soil Moisture ~ Evapotranspiration Water Availability ~ Reservoir Storage
1_ (Streamflow) (Water Supply)
Land Use / . ‘. e i N S e WA 5
Crop Data INTEGRATED BENEFITS

Crop Growth Simulation
(e.g., DSSAT, APSIM)

) | 3

Water Infrastructure
& Operations

EFP =

€<

4. CROP MODELS ‘; ‘ Water Use Efficiency
|

ﬂ Sustainable Agriculture

Y 5. AGRICULTURAL OUTCOMES [ 0& Improved Livelihoods &

A o | AR Food Security

v al | 8 9
Yield Quality Risk Indicators

Hydrologic states become actionable agricultural intelligence

for resilience, productivity, and sustainable water use.




SCIENTIFIC CONTRIBUTIONS & NEXT STEPS

SCIENTIFIC CONTRIBUTIONS

Coupling NOA high-resolution
forecasts with SWAT

Bridging weather prediction and watershed
hydrology

Greece-specific HAWQS framework

A national-scale, cloud-based modeling
and decision support platform

Forecast-informed drought assessment
Early detection and severity estimation
using seasonal predictions

Forecast-informed flood assessment
High-resolution runoff and flood risk
prediction

Hydrology-crop system integration
Linking water availability to crop growth,
stress, and yield

Multi-scale hydroclimatic
decision support

From national planning to local operations
and on-farm decisions

@ |

O 00 00 O

NOA FORECASTS

High-Resolution Weather
& Seasonal Forecasts

\ 4

HAWQS
Cloud Platform &
Decision Support

\ 4

SWAT

Watershed Hydrologic

Modeling )

¥

HYDROLOGIC STATES |

Soil Moisture, Streamflow,

Reservoirs, Groundwater

g %
\ 4
¢ =2
AGRICULTURE WATER HAZARDS
: 4
c®e DECISIONS

A

Informed Actions for Resilience,
Sustainability & Safety

for Greece and the Mediterranean

NEXT STEPS

Crete pilot implementation

Develop and test the framework in
the Crete basin

Model calibration & validation

Using multi-source observations
and historical events

National-scale deployment

Expand coverage to all major basins
across Greece

EcoHAWQS economic integration
Link hydrology and agriculture to
economic impacts and valuations

Operational decision support

Deliver real-time insights for agencies,
sectors, and communities

<RI < R < B < N <

Mediterranean transferability
Extend the framework to other

L Mediterranean countries and basins o

(<

From climate forecasts to actionable hydroclimatic intelligence




A SMARTER, RESILIENT FUTURE FOR WATER, OLIVES & COMMUNITIES

Science ¢ Models * Data ¢ People ¢ Decisions

WE BRING TOGETHER Integrating Climate, Water & Crop Models with Al and Local Knowledge
to Build Resilience in the Face of a Changing Climate

WHAT THIS PROJECT CAN MAKE POSSIBLE

Advanced Climate b WATER SECURITY

More reliable supplies for people, agriculture
and ecosystems—today and in the future.

1/0\[ FLOOD RESILIENCE
Better prediction, early warning and targeted
s

actions to protect lives, towns and infrastructure.

Information

(Decadal & Seasonal) From knowing how and where rain will fall... I
to knowing where water will go... - .
...and what we can grow with it.

aad

Crop & Olive
Modeling
(AgMIP)

O Water Modeling
(SWAT/HAWQS)
& DROUGHT RESILIENCE
Capture and store more water, recharge aquifers, [
and use every drop wisely.
() Al&Data
Science

Healthier trees, higher quality olive oil,

%% THRIVING OLIVE GROVES & CROPS

for growers, water

©g® Local Knowledge . sustainable yields, and stronger farm incomes.

'.‘ & Experience L U W 2
1. ANTICIPATE 2. UNDERSTAND . 2 5. EMPOWER FIRE RESILIENCE

4. Stakeholders, WHAT'S COMING WHERE WATER GOES CLOSE THE LOOP : PEOPLE & COMMUNITIES A Haaltilar aridscapes Battsr ground Goner

! I I I Farrners & ; reduced erosion and lower fire risk.
Policy Makers Better forecasts of Model the complete Model crops and olives Improve pi g Ti into
precipitation and water cycle to quantify to optimize water use, W efficiency, capture and ; actionable insights / STRONGER RURAL ECONOMIES
manage stress for 1| reuse water by-products, [

temperature at national J water availability, 2 ll Data-driven decisions that reduce costs,

and regional scales. floods, droughts and quality, and improve and minimize waste managers, communities increase profitability and open new markets. |

water quality. yields and profitability. and environmental and policy makers.
olorat 9,0  INFORMED POLICY & INVESTMENTS
I'm Evid based planning, smarter i
and effective policies for a resilient future.
d A SUSTAINABLE LEGACY
7 POWERED BY PARTNERSHIP, GUIDED BY SCIENCE, DRIVEN BY IMPACT —— g' é
Protect natural reduce
’ P N C impacts and pass on a better future.
Meteo TEXAS A&M W AMERICAN L
G Al st S UNiversiTy Ag ‘fr MIP FARM SCHOOL
¥
) weather ¥ THESSALONIKI o iRk i
. = : : ARISTOTLE The Agricultural Model - = )
= later quality modeling UNIVERSITY OF
2 Intercomparison and o
(HAWQS) & expertise THESSALONIKI : e Farmers & Water Utilities &
mprovement Project
Leading climate science Operational weather + Energy Institute 2 - Bridging science & practice 070 Cooperatives Managers
and Al downscaling and forecasting E & : Hydrology, water resources Crop'& systems modal with growers, cooperatives,
maarsgsyess:::::’smlc i ma|. "9 lorr:pac!:y:n:"i:pwv:r::it industry & communities 4O Policy Makers &
B eparie M Institutions
A 2

Dr. Terry Nipp
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