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ﬂiEDIIj?%’} Introduction — drought IbF

Hazard

Climate/hazard information (drought forecast,
seasonal outlook) for various drought types

Supplementary information (hazard maps,
Digital Elevation Models)

Impact-based forecasting (IbF) of droughts: Exposure

Agriculture

* forecasting impact, not only hazard; Population and Farming

Water sectors

(number, location,

* identify most vulnerable areas and e Wildiire Energy and Industry
prioritize the aid;

(age, income, education, access to water, etc.)

* forecasting of drought impacts is still Vulnerability
lacking in DEWSs (Drought Early-Warning
Systems); Potential impacts

* |bF emerging field in science & practice;

Potential impacts on
agriculture, water sectors,
wildfire, energy, and industry

Risk
hotspots

People
exposed

[ Fig.1, Shyrokaya, A., Pappenberger, F., Pechlivanidis, I., Messori, G., Khatami, S., Mazzoleni, M., Di Baldassarre, G. Advances and gaps in the
science and practice of impact-based forecasting of droughts, WIREs Water (in review) ]
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7 challenges & limitations and
the way forward

' Contextual challenge

Human-water
feedbacks challenge

Typology challenge

Model challenge

4
' Data challenge
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Scientific papers
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Practical reports
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Sectoral limitation

Geographical limitation
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The evolution of the drought IbF in scientific and practical literature across multiple criteria
(geographical distribution, )

Source and number of studies ////////

Scientific papers: 1 <

Scientific papers: from 2 to

4
Scientific papers: 5 and v
more /////

/| Practical reports: 1

> ] Both scientific and
practical: from 2 to 5

[ Fig.2, Shyrokaya, A., Pappenberger, F., Pechlivanidis, I., Messori, G., Khatami, S., Mazzoleni, M., Di Baldassarre, G. Advances and gaps in the science and practice of impact-based forecasting of droughts, WIREs Water (in review) |



Overview - drought IbF

The evolution of the drought IbF in scientific and practical literature across multiple criteria
, temporal scale, sectors, IbF methods, drought indices)

(

Practical reports

Zimbabwe and Ethiopia (Red Cross Netherlands: IbF)

Scientific papers

Ireland (O'Connor et al )

ltaly, Spain, Greece, Portugal (Gudmundsson ef al)
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SPI/LG

Legend
Sectors considered

& Wildfires g Agriculture & Livestock

‘ Water-related Energy & Industry

Methods

BLG Binary Logistic Regression
CES Cohen's d effect size

GAM Generalised Additive Models
LG Logistic Regression

RC Rank Correlation

RF Random Forest

Indicators

ClI Climate Indices

NDVI Vegetation Index

SM =0il Moisture

SPEI stand. Precip. Evapotrans. Index
SPI stand. Precipitation Index
SR stand. Runoff Index

S5l stand. Streamflow Index
SSWI stand. Soill Water Index

S&G P streamflow and Groundwater

Percentiles

[ Fig.2, Shyrokaya, A., Pappenberger, F., Pechlivanidis, I., Messori, G., Khatami, S., Mazzoleni, M., Di Baldassarre, G. Advances and gaps in the science and practice of impact-based forecasting of droughts, WIREs Water (in review) |
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Impact based forecastmg of droughts
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Challen es &

X 9 | Needs / Ways f
limitations L SRR
‘ - Apply statistical or system dynamics modelling to identify sector-specific, spatially

and temporally resolved vulnerability indicators; o)
> Contextual Cha"enge - Explore the potential to include the spatio-temporal dynamics of risk in IbF, e.g. &

. through real-time expert decision making; ks

ST o ——

 account for multi-sectoral, spatially heterogeneous and dynamic vulnerability and exposure
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Challenges & ways forward - drought IbF

Impact based forecastlng of droughts

Challenges& ”
limitations .\
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- Apply statistical or system dynamics modelling to identify sector-specific, spatially
and temporally resolved vulnerability indicators;

- Explore the potential to include the spatio-temporal dynamics of risk in IbF, e.g.

through real-time expert decision making;

> Contextual challenge
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- Leverage socio-hydrological models to incorporate spatial interconnections
and human responses to drought over long timescales;

< } Human-water feedbacks challeng

T —— P ———— g — —— ——

=

 consider how human activities influence the propagation of drought
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Challenges & ways forward - drought IbF

Impact based forecastmg of droughts

"‘l

“‘ Challenges &
i limitations
; - Apply statistical or system dynamics modelling to identify sector-specific, spatially
> Contextual Cha“enge = gglgmﬁ;am:ﬁggﬁg ‘:lrflcrliﬁcrj?abltlt:tg ls?p()j:t;iac)t-ct);sr;1poral dynamics of risk in IbF, e.g. ;':
through real-time expert decision making;
ooy . gac . DRus o Tdraastas, sl Gatiy » 50 i
- > Human-water feedbacks challenge sl SRS e
8 o - w { TR ~ ™
- Test region-specific indicators to characterize different types of drought
Typology challenge and incorporate them in IbF;

- Separate the conventional physical forecasting and impact forecasting;

7 >

« avoid oversimplification of drought typology to meteorological drought

14.09.2023
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Impact based forecastmg of droughts

| Challenges & ; XU
i limitations Ll LA SRS SRS
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’ - Apply statistical or system dynamics modelling to identify sector-specific, spatially
and temporally resolved vulnerability indicators; L
} Contextual Cha“enge - Explore the potential to include the spatio-temporal dynamics of risk in IbF, e.g. §
‘ through real-time expert decision making;
7 2 < | e o 420 i
- Leverage socio-hydrological models to incorporate spatial interconnections
3] > Human'water feedbacks Cha"e nge | and human responses to drought over long timescales;
- T RN ~ o
- Test region-specific indicators to characterize different types of drought
Typology cha"enge and incorporate them in IbF;

- Separate the conventional physical forecasting and impact forecasting;

v ) Bt o 08w W

- Develop methodologies/algorithms that allow for systematic testing
and tuning of available ML algorithms for specific application to
IbF, which is characterised by data scarcity and multiple relevant
spatio-temporal scales;

\ } Model challenge

go beyond mainstream machine learning (ML) approaches to establish functional
relationships, focussing on robustness for data-limited applications

Anastasiya Shyrokaya 9 14.09.2023
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Challenges & ways forward - drought IbF

Impact based forecastmg of droughts

Challenges &

- limitations  \.3
’ - Apply statistical or system dynamics modelling to identify sector-specific, spatially
and temporally resolved vulnerability indicators;

’ Contextual Cha"enge - Explore the potential to include the spatio-temporal dynamics of risk in IbF, e.g.
& through real-time expert decision making;
T T T

- Leverage socio-hydrological models to incorporate spatial interconnections

Y » Human'water feedbaCKS Cha"enge and human responses to drought over long timescales;

e 2 o N

- Test region-specific indicators to characterize different types of drought

and incorporate them in IbF;
- Separate the conventional physical forecasting and impact forecasting;

Typology challenge

3 7

- Develop methodologies/algorithms that allow for systematic testing
and tuning of available ML algorithms for specific application to
IbF, which is characterised by data scarcity and multiple relevant
spatio-temporal scales;

\ } Model challenge

T o P { ST M o ML > SR A N SRR R M S Ny R S

Develop a standardised format for quantitative impact
databases and ensure easy updateability;

- Employ automated data processing tools to collect and merge
quantitative impact data;

- Leverage alternative data sources such as citizen science and
insurance data;

} Data challenge

 standardise impact data collection; moving away from intrinsically biased impact data
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Challenges & ways forward - drought IbF

“‘ Challenges & ;

i limitations  \.Q

; - Apply statistical or system dynamics modelling to identify sector-specific, spatially
> Contextual Cha“enge = gglgmﬁ;am:ﬁggﬁg ‘:lrflcrliﬁcrj?abltlt:tg ls?p()j:t;iac)t-ct);sr;1poral dynamics of risk in IbF, e.g. ;':

| through real-time expert decision making;

T T, T

- } Human-water feedbacks challenge

Impact based forecastmg of droughts
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- Leverage socio-hydrological models to incorporate spatial interconnections
and human responses to drought over long timescales;

TR X

b\ 7

Typology challenge

\ } Model challenge

L gk c S - L

- Test region-specific indicators to characterize different types of drought
and incorporate them in IbF;
- Separate the conventional physical forecasting and impact forecasting;

- Develop methodologies/algorithms that allow for systematic testing

and tuning of available ML algorithms for specific application to
IbF, which is characterised by data scarcity and multiple relevant
spatio-temporal scales;

7

} Data challenge

T

impact

Develop a standardlsed format for quantitative
databases and ensure easy updateability;

- Employ automated data processing tools to collect and merge
quantitative impact data;

- Leverage alternative data sources such as citizen science and

insurance data;

ey Y B |
‘ } Sectoral limitation

- Explore underrepresented sectors, such as forestry, ecosystem/vegetation stress,
tourism, energy, and health;
- Account for concurrent hazards and cascading impacts across multiple sectors;
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- overcome sectorial bias in the scientific literature, which chiefly focuses on agriculture
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4 LA 7

Impact based forecastmg of droughts

Challenges &
- limitations
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Apply statistical or system dynamics modelling to identify sector-specific, spatially
and temporally resolved vulnerability indicators;

Explore the potential to include the spatio-temporal dynamics of risk in IbF, e.g.
through real-time expert decision making;

} Contextual challenge

&
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- Leverage socio-hydrological models to incorporate spatial interconnections
and human responses to drought over long timescales;

- } Human-water feedbacks challenge
P > > g A

Test region-specific indicators to characterize different types of drought
and incorporate them in IbF;
- Separate the conventional physical forecasting and impact forecasting;

Typology challenge

3 7

- Develop methodologies/algorithms that allow for systematic testing

and tuning of available ML algorithms for specific application to
IbF, which is characterised by data scarcity and multiple relevant
spatio-temporal scales;

\ } Model challenge

- Develop a standardised format for quantitative impact [

databases and ensure easy updateability;

- Employ automated data processing tools to collect and merge
quantitative impact data;

- Leverage alternative data sources such as citizen science and

insurance data;

} Data challenge

e ensure W e e ey O o
comprehensive | } Sectoral limitation
geographical —~—— T

coverage » Geographical limitation

e U il ——— " —

- Explore underrepresented sectors, such as forestry, ecosystem/vegetation stress,
tourism, energy, and health;
- Account for concurrent hazards and cascading impacts across multiple sectors;

- Collect impact data in all drought-prone areas following the
recommendations for Data challenge;
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Implications — drought IbF

Impact based forecastmg of droughts
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<R '._'

Challenges &
- limitations

» .

> Contextual challenge: account for multi-sectoral,

Apply statistical or system dynamics modelling to identify sector-specific, spatially
and temporally resolved vulnerability indicators;

Explore the potential to include the spatio-temporal dynamics of risk in IbF, e.g.
through real-time expert decision making;

spatially heterogeneous and dynamic vulnerability
and exposure

* bridge the gap between scientific and
practical perspectives;

- Leverage socio-hydrological models to incorporate spatial interconnections
and human responses to drought over long timescales;

e SR o ol i S Rl - {0 i, b

Human-water feedbacks challenge: consider how human
- activities influence the propagation of drought

B o~ werwanmes qeegess gt > g

Typology challenge: avoid
oversimplification of drought
ot typology to meteorological drought

[ b ! L e Ve

- Test region-specific indicators to characterize different types of drought
and incorporate them in IbF;
- Separate the conventional physical forecasting and impact forecasting;

* co-develop prototypes for local IbF;

Model challenge: go beyond

" . : : - Develop methodologies/algorithms that allow for systematic testing
{ > mainstream machine learning (ML)

and tuning of available ML algorithms for specific application to
IbF, which is characterised by data scarcity and multiple relevant
spatio-temporal scales;

* cost-benefit analysis for efficient IbF;

approaches to establish functional
relationships, focussing on robustness

for data-limited applications
;\-\ e s

Data challenge: standardise impact data collection
(agriculture being the exception); moving away from

intrinsically biased impact, textual impact data that varies
™, greatly depending on spatial and temporal scale

&

- Develop a standardised format for quantitative impact
databases and ensure easy updateability;

- Employ automated data processing tools to collect and merge
quantitative impact data;

- Leverage alternative data sources such as citizen science and

insurance data;

develop and integrate IbF practices into
DEWSs

J
§ X N T v = B |

d Sectoral limitation: overcome sectorial bias in the
scientific literature, which chiefly focuses on

- Explore underrepresented sectors, such as forestry, ecosystem/vegetation stress,
tourism, energy, and health;
- Account for concurrent hazards and cascading impacts across multiple sectors;

agriculture
. ) § A 8.
Geographical limitation: ensure comprehensive . ) _
geographical coverage: the scientific literature focuses - Collect impact data in all drought-prone areas following the
predominantly on Europe; the practically-applied literature on recommendations for Data challenge;
Africa
——y 2 T ——— =

[ Fig.3, Shyrokaya, A., Pappenberger, F., Pechlivanidis, I., Messori, G., Khatami, S., Mazzoleni, M., Di Baldassarre, G. Advances and gaps in the science and practice of impact-based forecasting of droughts, WIREs Water (in review) |
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