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Investigating the water cycle

A journey through mechanistic models, data types, and hydro-climate
services for addressing societal and environmental challenges
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Structure of the lecture

Understanding the water cycle

* Global societal and environmental challenges

* The water cycle - Introduction

e Modelling the water cycle — Modelling at the large scale
e Data types - Monitoring the Earth

State-of-the-art hydro- & climate- services

e Forecasting, prediction & projection - Introduction
* Emergency management services

e Climate change services

® Bonus information




Learning outcomes to be expected

Which are the major global environmental challenges and why is improved
understanding of the water cycle needed to address them?

What is a model, what its purpose, and how can models be classified?
Which are the challenges when modelling at the large-scale?

What are the most common data types, what do we mean with big data
and what are the challenges with big data?

Why do we need to forecast/predict/project the environmental status of a
region and which are the sources of skill?

Operational state-of-the-art services for the emergency management and
climate change. Which are some of the providers for Sweden, Europe and
the globe?



SOCIETAL & ENVIRONMENTAL
CHALLENGES




Global challenges

Water Pollution

"Around half of Europe’s rivers and
lakes are still polluted” (EEA, 2015)
HAB outbreaks can have serious
impacts to human health, threat

Extreme weather conditions
"Extreme weather events have
landed on the 1st place in the Top 5
Global Risks in term of likelihood
for 2018” (World Economic Forum,

2018). the sustainability of ecosystems
Sudden intensive rainfall increase and pose significant economic
the amount of suspended and damage to society (drinking water
other solids carried by the river, supply, health care, fisheries,

and result in periodic excessive aquaculture and tourism)

turbidity of the water.

Population Growth

”70% of the world’s projected
10 billion population will live
in cities by 2050, increasing
the demand for water
dramatically in all major use
sectors”

Water Scarcity

”By 2017 at least 11% of
Europe’s population and 17%
of its territory had been
affected by water scarcity,
putting the cost of droughts in
Europe over the past thirty
years at EUR 100 billion”




Applications sensitive Drinking water treatment
to/addressing global challenges === =

Recreation
Water supply

Flood control




THE WATER CYCLE
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Knoben, W. J. M.,
Woods, R. A, &

Freer, J. E. (2018).

A quantitative
hydrological
climate
classification
evaluated with
independent
streamflow data.
Water Resources
Research, 54,
5088- 5109.

Understanding of the water cycle

Nature’s basic principles are the same everywhere - however the properties
of the catchment systems vary significantly.

Key challenges: the dominant processes vary in time and space.

Local data have high added value (although sometimes their collection is
impossible), and contribute to improved understanding of dominant
processes

Do catchment systems share common information?

Cli.r.natic clus_tering Clustor Hydrologically-informed
(K6ppen-Geiger) usters climatic clustering

Clusters




MODELLING THE WATER CYCLE




"Model is a description or presentation designed to mimic the main
object or function of a thing, system or concept.” (Wikipedia)

What is an environmental (mathematical) model?

”"Model is a simplified version of a real system in the form of
mathematical equations that simulate (as approximation) the response of

a process." (Singh, 1995)
/////7 ﬁ
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Why do we use environmental (mathematical) models?

Extrapolation of point measurements in space-time

Determine the effects of management decisions on natural systems
(e.g. water-table management, water quality evaluation, estimation
of crop yield, flood and drought forecasting etc.)

Assess impact of environmental change (e.g. land use and climate)
on natural system resources

Improve understanding of dynamics of atmospheric, hydrological,
geomorphological and ecosystem processes for the development of
new or improvement of old models to cover new aspects of science

What is an environmental (mathematical) model?

”"Model is a simplified version of a real system in the form of
mathematical equations that simulate (as approximation) the response of

a process." (Singh, 1995)
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Two basic principles (usually) set the basis of environmental models

Water balance

precipitation  evaporation

basin

S storage value

Energy balance

NS

/1/!
/
/;f/!

ﬁp
Heat of Net Latent Sen5|b|e-
precipitation radiation heat flux heat flux

%%%HW¥VV?V%¥%¥%

P=R+E+AS
P is precipitation, E is evapotranspiration, R is runoff, AS
is change in the soil moisture storage

Rn=H+LE+G
Rn is net radiation, LE is the latent heat flux (energy to
change the state of a substance without changing its
temperature), H is sensible heat flux (energy that
changes the air temperature), G is heat conduction to
the ground (usually < H, AE)
(the equation can be extended to include
photosynthesis, but << H, AE)
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Classification of models based on:

Temporal resolution | Spatial resolution | Model structure

0 : Parameter set

Event-based Lumped Statistical / Stochastic
Continuous Semi-lumped Conceptual
Sub-daily, daily, Semi-distributed  Physics-based

monthly, yearl C
b Y Fully distributed  Black-box

A mechanistic model (also known as process-based model) uses a
theory to predict what will happen in the real world.

Hidden
/ ™ Black-box

1

[11]|u1

Physics-based
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Philosophy in environmental model setup

Start with dominant processes and
zoom in in both resolution and
process detail

Make something simple and useful

right away
Concept of Model inputs 'fModel output"sx?f
parsimonity ) ) ' e/
. Describe processes as simple as :
' -’ possible, but not simpler
LY
\% -
Reality Modelling

Avoid making some parts too
complex —imbalance in complexity

Diagnostically identify the model — Measurements
”"Good model for the right reasons” 15



Gupta, H.,
Wagener, T. and
Liu, Y., 2008.
Reconciling
theory with
observations:
elements of a
diagnostic
approach to

model evaluation.

Hydrological

Processes, 22(18):

3802-3813.

Feedback Loop

Philosophy in environmental model setup

”"Good model for the right reasons”

Model Calibration

i

Model Validation

l
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MODELLING AT THE LARGE SCALE




What is it considered as large-scale?

Why is it important?
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https://vattenwebb.smhi.se/
http://hypeweb.smhi.se/
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Who is interested on information at the large scale?
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Copernicus, World Organisations

Civil Protection Agencies

Emergency Response Coordination Centre

International Red Cross and Red Crescent Movement

... and many others
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http://hypeweb.smhi.se/

Information at the global scale (model: WW-HYPE)
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Limitations when modelling at the large-scale

Limited Q data No perfect meteo dataset

Daily or Wlonthly Discharge time series ( GPCC7
a .

Strong hydro. gradients

0 25 50 75 100 125 150 175 200 >225
Precipitation [mm month™]

Clusters 1
Clusters 2 .
Clusters 3 Time step of Qobs ’ Total 11400 stations
Clusters 4 ® Daily
Clusters 5 Monthly
Clusters 6
Clusters 7
Clusters 8
Clusters 9
Clusters 10
Clusters 11
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R Limited model performance
‘Unknown’ fluxes fee

Difference
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1000
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time step : monthly
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DATA TYPES - MONITORING THE EARTH




SIMULATED_long_term_mean_[2000-2012]-(mm/year)

. Potential evaporation - MODIS satellite product

Remote sensing

Earth observation (EO) is the gathering of information
about the physical, chemical, and biological systems of
the planet via remote-sensing technologies,
supplemented by earth-surveying techniques, which
encompasses the collection, analysis, and
presentation of data. According to the Group on Earth
Observations (GEO), the concept encompasses both
"space-based or remotely-sensed data, as well as
ground-based or in situ data". Earth observation is
used to monitor and assess the status of and changes
in natural and built environments.

Earth’s digital twin




Limiting factors:

Calibration;

Noise (need for filtering);
Blocking (echoes i.e. Mountains,
clouds, ground, sea, buildings);
4. Space and time sampling

wnN =

Telecommunication
network
(Microwave links)

Photo: Jafet Andersson

Topography (routing/delineation): HydroSHEDS

LandUse: Global Land Cover 2000 | GIAM

Soil: Harmonized World Soil Database
Joomosa o

Lakes and Reservoirs: GLWD, GRanD

Discharge: GRDC, EWA, USGS
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Climate Data Store (CDS)
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Big data is the result of having more data sources and more storage. Big
data usually includes data sets with sizes beyond the ability of commonly
used software tools to capture, curate, manage, and process data within
a tolerable elapsed time. Big data "size" is (constantly changing) from a
few dozen terabytes to many zettabytes of data. Big data is where parallel
computing tools are needed to handle data.

Data preparation - Evaluation and Quality Control (EQC) protocols
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FORECASTING, PREDICTION AND
PROJECTION

INTRODUCTION




Merryfield, W.J., et
al., 2020: Current
and emerging
developments in
subseasonal to
decadal
prediction. Bull.
Amer. Meteor.
Soc., https://doi.or
a/10.1175/BAMS-
D-19-0037.1

Weaver, C.P, et
al., 2013:
Improving the
contribution of
climate model
information to
decision making:
The value and
demands of
robust decision
frameworks.
WIREs Climate
Change,https://do
i.org/10.1002/wcc.
202

Some sources of predictability

Future ranges

Forecasting / predictions / projections

Numerical Weather Prediction Models
& Earth System Models

natural and anthropogenicforcing

extratropical oceans

ENSO
soil moisture
-
stratosphere
_ssw____
troposphere
[ weather 1

day week month season year decade century
Weather
| —
Subseasonal
| —
Seasonal
Annual to |
decadal '

Climate projection

Estimates of the future are always
uncertain. To address uncertainty,
models now provide a range of
realizations (ensembles) to help
users deal quantitatively with the
probable temporal variations in the
predictability of the atmosphere.

exce

Skill varies in space and depends on
the season, while it decreases as a
function of time. Sources of skill
depend on the future range.

Forecasting refers to a calculation
or an estimation which uses data
from previous events, combined
with recent trends to come up a
future event outcome.

Prediction is an actual act of
indicating that something will
happen in the future with or
without prior information.

Projections are estimates of how
the Earth system might change
under different scenarios.

WEATHER FORECASTS

prediction skill from
initial conditions

llent

good

fair

/ prediction skill from initial conditions,

CLIMATE PROJECTIONS
prediction skill from accurate
scenario selection & forcings

ocean state, soil moisture, climate (e.g. GHG emissions, land use)

modes (e.g. ENSO & MIO)  SEASONAL OUTLOOKS
prediction skill from
ocean state, longer
climate modes

/ (e.g. ENSO, QBO) \

Daily Values Weekly Averages

Monthly or Seasonal Averages ~30 Year Climatologies

Decades to Centuries

Days 1-12 Weeks 3-4 30-90+ Days

FORECAST LEAD TIME


https://journals.ametsoc.org/doi/abs/10.1175/BAMS-D-19-0037.1
https://doi.org/10.1002/wcc.202

Modelling chain in forecasting / predictions / projections

gommaﬁm NWP Forecasting & Predictions

Data Provider

...............................................................

Post-processing

g |_5$‘ = N ’::-
B
\.: o
- = T
= e v

Impact Post-processing Service

Services Users
models Purveyors
S - } v )]
71
A i Economic
U gain
Hydro-economic
models
Projections - Assessment of climate change
Emission scenarios Global Circulation Model (GCM)  Regional Climate Model (RCM) Interpolation to station location Hydrological model
horizontal resolution ~250 km Dynamical downscaling and statistical post-processing

Impact modelling chain

horizontal resolution ~25 km




Medium-range
forecasting

Model:
E-HYPE

Seasonal
predictions

Model:
Lisflood

<SS ECMWF

Examples — forecasting and prediction

Flooding and hydrological drought

Identification of
regions experiencing
high and low flows
based on a 10-day
forecast system.
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Identification of regions
experiencing high and low
flows in the coming 2
months, based on a 7 month
prediction system.
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Examples - projections

Averaged status and change (30-years) in precipitation, temperature and

: streamflow
Centennial
projections Present climate Change (%) Change (%)
Model (1981-2010) by mid century by end of century
odel:

S-HYPE HADLEY ECHAM| HADLEY ECHAM | HADLEY ECHAM

N

Arheimer, B., &
Lindstrom, G.
(2015). Climate
impact on floods
- changes of
high-flows in
Sweden for the
past and future
(1911-2100).
Hydrology and
Earth System ¢ - 3 f :

Sciences, 19, 771- : ol 3 o

784. | ' 30

River flow (m3/s) | Temperature (°C) | Precipitation (mm)




EMERGENCY MANAGEMENT SERVICES




Emergency management is the organization and

management of the resources and responsibilities for
dealing with all humanitarian aspects of emergencies
(prevention, preparedness, response, mitigation, and
recovery). The aim is to prevent and reduce the L AR
harmful effects of all hazards, including disasters.

RESILIENCE

Emergency
(EMS)

‘ PREPAREDNESS

Earth observations in water security and risk reduction

N\
\e“f" Outlook of hydrological extremes

The 2020-02-23 flooding case study in Lagan,
south Sweden

. Water bodies (satellite-based) LIST @

. Water extents (satellite-based)

100-yr RP 2020-02-24

50-yr RP
25-yr RP
10-yr RP
5-yr RP
2-yr RP

on the: 2020-02-20

R .
Floodwater map on a given day
(source: Copernicus EMS Rapid Mapping)
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State-of-the-art Flood Early Warning Service (Sweden)

Deterministic medium-range forecasts; Probabilistic medium-range forecasts

Rapid Impact Assessments

Warnings

ALL Firerisk Precipitation Ice accretion  Blackice Water flow  Sea/Water level Wind  Heat  Thunder

Find county or sea region in list v

Warnings for Water flow - Sweden

Warning class 1 high flow: Two districts

GUIDE TO WARNING CLASSIFICATION

Warning class 1 - Severe weather Warning class 2 - Very severe weather
The developing weather could lead to risks
to public safety and disruption of some

public services.

The developing weather could be
dangerous, causing considerable structural
damage and significant disruption of public
services. Keep updated with information
issued via internet, radio and TV.

Risk of very severe weather (Risk)
Arisk is not a warning. Risks are used for
greater uncertainties in weather

Fire risk (Risk)

Dry conditions mean that grass and forest
fires may start and spread. Be very careful
development. The uncertainty may concern with any outdoor fires, Often a ban on
the strength of a phenomenon or its outdoor fires has been issued by the local
geographical extent. If a forecast becomes council.

less uncertain then a risk can become a

warning.

Warning class 3 - Extreme weather
Extreme weather is expected which could be
very dangerous, causing widespread
damage and major disruption of public
services. Keep updated with Information
issued via internet, radio and TV.

Notification about high temperatures
Anotification is not a warning. A period of
warmer weather is expected, which can
cause some problems to risk groups. This
notification is mainly for health care
providers.

Hydrological ensembles made
by running the model with
ECMWEF EPS forecasts.

For each time step, the
percentage of ensemble
members above 2, 10 and 50
year flood is calculated.

1081-001 Kvarntorp
Visa omridesinfermation

Vattenféring HBV

ms

VattenfSring S-Hype

* The models can often
differ, in which case a
mean of both can often
be the best forecast.

www.smhi.se
https://vattenwebb.smhi.se
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http://www.efas.eu/
https://vattenwebb.smhi.se/

State-of-the-art Flood Early Warning Service (Europe)

European Flood Awareness System (EFAS)

Emergency
(EMS)

Deterministic medium-range forecasts; Probabilistic medium-range forecasts

Sub-seasonal to seasonal forecasts; Rapid Impact Assessments

EFAS forecasting @
EFAS Risk matrix
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State-of-the-art Flood Early Warning Service (Globe)
Global Flood Awareness System (GIoFAS)

Emergency
(EMS)

Deterministic medium-range forecasts; Probabilistic medium-range forecasts

Seasonal forecasts; Rapid Impact Assessments
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CLIMATE CHANGE SERVICES




WMO - Global Framework for Climate Services (GFCS)

-~
-

What do we mean by Climate
Services

A climate Service is the provision of climate information to assist decision-making. The
service must respond to user needs, must be based on scientifically credible information

and expertise, and requires appropriate engagement between the users and providers.

The implementation of GFCS has five
components:

e Observations and Monitoring

e Climate Services Information System
e Research, Modelling and Prediction
e User Interface Platform

e Capacity Development

Priority areas

Agriculture and food Disaster risk reduction Energy
security

Water

* To involve the production, translation,

transfer and use of climate
information and knowledge in
climate-informed decision-making and
climate-smart policy and planning

-> impact on the decision

To use the best available climate
science and need to effectively
communicate with the user
community to develop and evaluate
adaptation strategies

-> confidence in scientific
knowledge

* To effectively establish technical

capacities and active communication
and exchange between provides,
purveyors and user community

-> engage and increase uptake
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Subseasonal-to-Seasonal

S S Example of S2S forecast providers

a Time- Resol. Freq. Hests  |Hest length| Hest Freq | Hest Size
Prediction Project range
5

ECMWF DO0-32 T639/319L62 51 2/week Onthefly Past18y  weekly

Available datasets: LIt i, S haiBtas | T idly oty oG Finh [0 S
. . . NCEP D 0-60 N126L64 16 daily Fix 1999-2010 daily 4
Historical observations
EC D0-35 0.6x0.6L40 21 weekly Onthefly Past15y  weekly 4
CAWCR DO0-120 T47L17 33 weekly Fix 1989-2010 3/month 33
Reanalyses
JMA D0-34 T159L60 50 weekly Fix 1979-2009 3/month 5

WEEGER D E X SZS fO recasts KMA D030  Ti06L21 20 3/month Fix  1979-2010 3/month 10

L CMA D045  T63L16 40  &/month Fix  1982-now monthly 48
Decadal predlctlons CPTEC D030  Ti126L28 1 daily No :
Met.Fr D 0-60 Te3L91 41 monthly Fix 1981-2005 monthly 1"

Centennial projections SAWS D060  T42L19 6  monthly  Fix  1981-2001 monthly 6

HMCR D0-60 1.1x1.4L28 10 monthly Fix 1979-2003 monthly 10

P

Climate
&5 Observations Climate reanalyses Seasonal forecasts Climate projections
Observations are key to understanding the climate Climate reanalyses combine past observations C3S seasonal forecasts combine outputs from Projections of future climate change are available
system. C3S users can access a vast variety of with models to generate consistent time series for several state-of-the-art seasonal prediction for different scenarios for concentrations of
instrumental data records, ranging from historic a large set of climate variables. Reanalyses are systems from providers in Europe and elsewhere. greenhouse gases and aerosols, based on outputs
weather observations to the latest measurements among the most-used datasets in the geophysical The latest data and products are published from multiple global and regional climate models

from space sciences. monthly on the Climate Data Store
Kedcinore > REaqpove >

ate projection data on the CDS >

Reanalysis data on the CDS > Seasonal forecast data on the CDS P>




Available hydro-climate services

Copernicus Climate Change Service (C3S)

https://hypeweb.smhi.se/explore-water/forecasts/seasonal-forecasts-global/ 39
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Available hydro-climate services

Copernicus Climate Change Service (C3S)

National organisations

A bias-adjusted ensemble of 19
models from CMIP5 was used to
force the WW-HYPE hydrological
model over the entire globe.

A total of 35 ECVs" and ClIs™ are
provided in this dataset at
catchment scale (1981 — 2100).

*Essential Climate Variable: a
physical, chemical or biological
variable or a group of linked
variables that critically contributes
to the characterization of Earth’ s
climate.

**Climate Impact Indicator: an
aggregated quantitative measure
used to show the impact of climate
change on complex environmental
phenomena in terms of trends and
variability

SMHI About

* Explore Water

Global Climate Change

User requests User requests
Emission CDS  qommmmmmmmmmmmeees 4 4
e Model ensembles l
— J New global data  Visualization and Downloads
19 Global Cll:s and ECV:s *Spatial §
climate models | related to: resolution brd
(2 degrees) = Temperature ) ) 5
®  Precipitation *Time slices %
Production chain Bias adjustment ‘ " Water *Time-series g..
of Climate (50 km) o
Impci:tindicators "_—J (some 35 in total) *RCPs:4.5; 8.5 o
T
(Clis) and \ / \ '?'._::
Essential Climate Impact g
Variables (ECVs) modelling J



Available hydro-climate services

Copernicus Climate Change Service (C3S)
National organisations

N S2SAE Research programmes
I o e Ererey https://s2s4e-dst.bsc.eu/

for Clean Energy

= la— -~ The $2S4E H2020
T project created a

PSR SRS DST (Decision

i s ’ suMMARY Support Tool) for

; : B the Energy

el SR P L8 sector, providing

— < A - information for:

Probability threshold

3555’ f:::' EXTREMES (p10-p90) © HYdFOpOWGI’

|
| CUSTOMISE DISPLAY

O Darkma

FORECAST SKILL

MIN MAX  MIN MAX Energy

0% 8 50% 3

T demand

Solar

4,§ ”\ﬁ( . ) vy 5 : : 41413 m3/

e Wind
I CLINT

CLIMATE INTELLIGENCE X " / . 336.13 m3/s
3 g ¢ i 326 53 mi/s

@ I-CISK i ™
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SUMMARY




The world needs a new momentum into addressing the global societal
and environmental challenges, i.e. extreme weather conditions, water
pollution, water scarcity, and population growth.

The water cycle is controlled by the climate, geomorphology, and
processes in the biosphere (and the chemical transfer). Nature’s basic
principles are the same everywhere - however the properties of the
catchment systems vary significantly as a function of time and space.

There is a categorization of models based on the spatial resolution and
mathematical structure. Modelling at the large scale is important for the
coordination of emergency response and management of resources.

Datasets can nowadays contain remotely sensed data, crowdsourced and
image-sensing data, UAV-based and telecommunication-based data and
data from in-situ measurements. Big data is the result of having more
data sources and data storage. It is crucial that stored data are not
erroneous, and hence big databases follow EQC protocols and data
management plans to ensure quality, accessibility, and reliability.

It is important to forecast, predict and project the various fluxes of the
water cycle to better mitigate and adapt to climate extremes, variability
and change (including other environmental stresses).

Hydro-climate services provide data and information (for historical and
future periods) in real time, and result in improved preparedness and

decision-making. 13



THANK YOU FOR YOUR ATTENTION!

Qa&A




RECOMMENDED BIBLIOGRAPHY




Arheimer, B., Pimentel, R., Isberg, K., Crochemore, L., Andersson, J. C. M., Hasan, A,, and Pineda, L. (2020). Global catchment
modelling using World-Wide HYPE (WWH), open data, and stepwise parameter estimation, Hydrol. Earth Syst. Sci., 24,
535-559, https://doi.org/10.5194/hess-24-535-2020

Beven, K. (2012). Rainfall-runoff modelling. The primer, Second Edition. John Wiley & Sons, Chichester UK.
https://doi.org/10.1002/9781119951001

Bloschl, G, Sivapalan, M., Wagener, T., Viglione, A., & Savenije, H. (2013). Runoff prediction in ungauged basins. Synthesis
across processes, places and scales. Cambridge, UK: Cambridge University Press.

Clark, M. P., Schaefli, B., Schymanski, S. J., Samaniego, L., Luce, C. H., Jackson, B., et al. (2016). Improving the theoretical
underpinnings of process-based hydrologic. Water Resources Research, 52, 2350-2365.
https://doi.org/10.1002/2015WR017910

Gupta, H. V, Beven, K. J., & Wagener, T. (2005). Model calibration and uncertainty estimation. Encyclopedia of Hydrological
Sciences, 11, 131.

Hrachowitz, M., Savenije, H. H. G., Bloschl, G., McDonnell, J. J., Sivapalan, M., Pomeroy, J. W., et al. (2013). A decade of
Predictions in Ungauged Basins (PUB)—a review. Hydrological Sciences Journal, 58(6), 1198-1255.
https://doi.org/10.1080/02626667.2013.803183

Krysanova, V., Vetter, T., Eisner, S., Huang, S., Pechlivanidis, I. G., Strauch, M., et al. (2017). Intercomparison of regional-
scale hydrological models in the present and future climate for 12 large river basins worldwide - A synthesis.
Environmental Research Letters, 12, 105002. https://doi.org/10.1088/1748-9326/aa8359

Krysanova V., Ch. Donnelly, A. Gelfan, D. Gerten, B. Arheimer, F. Hattermann & Z. W. Kundzewicz, (2018). How the
performance of hydrological models relates to credibility of projections under climate change, Hydrological Sciences
Journal, 63, 5, 696-720, DOI 10.1080/02626667.2018.1446214

Lavers, D. A, Ramos, M.-H., Magnusson, L., Pechlivanidis, I., Klein, B., Prudhomme, C,, et al. (2020). A Vision for
Hydrological Prediction. Atmosphere, 11(3), 237. https://doi.org/10.3390/atmos11030237

Montanari, A, Young, G., Savenije, H. H. G, Hughes, D., Wagener, T,, Ren, L. L, et al. (2013). “Panta Rhei—Everything
Flows": Change in hydrology and society—The IAHS Scientific Decade 2013-2022. Hydrological Sciences Journal, 58(6),
1256-1275. https://doi.org/10.1080/02626667.2013.809088

Pechlivanidis, I. G., & Arheimer, B. (2015). Large-scale hydrological modelling by using modified PUB recommendations:
the India-HYPE case. Hydrology and Earth System Sciences, 19, 4559-4579. https://doi.org/10.5194/hess-19-4559-2015

Pechlivanidis, I. G., Jackson, B., Mcintyre, N., & Wheater, H. S. (2011). Catchment scale hydrological modelling: A review of
model types, calibration approaches and uncertainty analysis methods in the context of recent developments in
technology and applications. Global NEST Journal, 13(3), 193-214.

Singh, V. P. (2012). Computer models of watershed hydrology. USA: Water Resources Publications.

Wagener, T., Sivapalan, M., Troch, P. a., McGlynn, B. L, Harman, C. J,, Gupta, H. V., et al. (2010). The future of hydrology: An
evolving science for a changing world. Water Resources Research, 46(5), 1-10. https://doi.org/10.1029/2009WR008906



https://doi.org/10.5194/hess-24-535-2020
https://doi.org/10.1002/9781119951001
https://doi.org/10.1002/2015WR017910
https://doi.org/10.1080/02626667.2013.803183
https://doi.org/10.1088/1748-9326/aa8359
https://doi.org/10.3390/atmos11030237
https://doi.org/10.1080/02626667.2013.809088
https://doi.org/10.5194/hess-19-4559-2015
https://doi.org/10.1029/2009WR008906

BONUS INFORMATION




SEASONAL

Model:
ECMWEF SEASS

Probability terms

Low : 35% - 50%

i

Medium: 50% - 70%:
High: Greater than 70%

January 2022

Temperature forecast

Probabilities

Abo [ High [ ]High Bl I Hioh

Ve ) Near ) elow :

Normal [ Medium Normal [_| Medium Normal [ Medium
l:l Low |:| Low I:l Low

February 2022

https://hypeweb.smhi.se/explore-water/forecasts/seasonal-forecasts-europe/
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