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Why do we need process-based models?

Goal: To understand the naturally observed phenomena and be able to predict them

We do use models for

» developing scientific understanding of complex systems

« spatio-temporal extension of the knowledge gained

(data from experiment/monitoring relationships can not be extrapolated in space/time)
 testing the reaction of the system to changing/unobservable conditions

« planning and decision-making
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From natural curiosity to data-model fusion

natural curiosity

iSock
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From natural curiosity to data-model fusion

natural curiosity

observation

qualitative information
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From natural curiosity to data-model fusion

« Natural curiosity =» observations =» information

C— A

Measurements
monito[ing — data collection
N N

spatio-temporal databases

iSock
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From natural curiosity to data-model fusion

« Natural curiosity =» observations =» information
e Measurements = monitoring =» databases

Statistical analyses > empirical models

File Edit Wiew Format Tools Statistics Graphs Tests
iZEHI e san|9 &

Physical laws/ relatigﬁships > process-based models

Models with finer spatio-temporal resolution
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Data-model fusion — an advanced approach

for studying complex systems

Model
developers

L

) data- wkadidl

expert estim
expert evaluatio

model models

fusion
,Modeller”

input data
reference data

Think. think, think.

Modelling is TEAM work
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Hydrological modelling

Hydrologic models

« simplified representation of a hydrological
system

Evap@lspiraﬂon

~ T Evawa*w" « aid in understanding, predicting, and managing

water resources
 study both, flow and quality of water

Oceans

Groundwater storage
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Hydrological modelling

GROUNDWATER
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Global
water
cycle

Surface
water

Ground-
water

Estuary
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Traditional understanding of hydraulic modelling

Soil scientists

transpiration evaporation
from soil surface

precipitation

surface runoff

surface |
runon

drainage
outflow

> Surface runoff

> Water quantity and quality at catchment outlet ]
> Soil water content

> Drainage outflow
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Hydrological models in the spatio-temporal scale

Models in the spatio-temporal scale
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General comparison of different hydrological models

‘tra nspiration

groundwater
recharge '

DrainMod
Complete catchment model
Modest data requirements Yes No Yes Yes No
High time resolution Yes Yes Yes Yes Yes
Spatial distribution No No disfﬁrbntl:ced disfﬁrbntl:ced Distributed
Process-based model Yes Yes Partly Mostly Mostly
Calibration data required Yes Yes Yes Yes Yes
Subsurface drainage included Yes Yes No Indirectly
. . Yes (very
Heat flow simulation Yes Yes No Aol No
Instream processes sNo No Yes Yes Yes
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Processes in focus in different hydrological models

Model layer

Unsaturated zone

Processes DrainMod| Coup HBV INCA
Precipitation Driving Driving Driving Driving
Snow dynamics/snowmelt Calculated | Calculated | Calculated | Calculated
Interception Indirectly | Calculated | Calculated | Indirectly
Transpiration Indirectly | Calculated | Calculated | Indirectly
Evaporation Indirectly | Calculated | Calculated | Indirectly
Surface runoff Calculated | Calculated | Calculated | Calculated
Infiltration Calculated | Calculated | Indirectly Indirectly
Bypass/ macropore flow NO Calculated | Indirectly NO
Plant water uptake Indirectly | Calculated | Indirectly Indirectly
Soil water redistribution NO Calculated | Calculated NO
Capillary rise Calculated | Calculated NO NO
Water flow in frozen soil Indirectly | Calculated | Calculated NO
Lateral flow to stream NO NO Calculated | Calculated
Subsurface drainage flow Indirectly | Calculated NO Indirectly
Percolation to sat. zone Calculated | Calculated | Calculated | Calculated
Lateral inflow Parameter | Parameter NO NO
Capillary rise to unsat. zone NO Calculated | Calculated NO
Recharge to deep aquifer NO NO NO NO
Base flow Calculated NO Calculated | Calculated

CONFINING LAYER

DEEP AQUIFER




Model comparision - example

Comparison of three mathematical models simulating drainage
outflow with respect ot their applicability to OPTIKORN goals

HYDRUS-1D DRAINMOD-N

Drainage outflow
calculation

Soil water regime

calculation

Runoff

calculation

Calculation of ET = E+TR,

evapotranspiration no separation

N-loss

calculation

Autocalibration / Inverse solution BUT

Inverse solution WITHOUT drainage only

Calibration against Not really successful

soil mositure experience for Norway

content data except one site

Calibration agains Not really successful
_drainage outflow __ _ experienceforNorway__ _ ___ __ ' _ __ _____________________

Calibration against Not really successful

runoff experience for Norway
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Modell selection using Benchmark criteria

KIWA SWAT |DrainMod| HBV INCA-P | Soil_NO | AgriCat ?
coup

Q1.1. How well does the model’s output relate to the task?

Q1.2. How well does the model’s spatio-temporal resolution compare
with the requirements of the task?

Q1.3. How well the model has been tested under conditions in focus?

Q1.4. How complicated is the model in relation to the task?

Q1.5. How is the balance between the input data and data availability?

Q1.8. How is the peer acceptance for the model with scientific theory?

Q3.5. How is the model’s flexibility for adaptation and improvements?

Possible answers: Good; Adequate; Inadequate
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https://nc.ufz.de/apps/onlyoffice/s/KA9Cr2bbtALGMHr?fileId=117729538



https://nc.ufz.de/apps/onlyoffice/s/KA9Cr2bbtALGMHr?fileId=117729538

Task 4.2: Development of modelling protocols

& H ) K L

Field-scale model selection B

Good  Adequate Inadequate

SWAP /di C DrainMed ~ CUP i isi
s Hydrus ropSys  Draini 2 @ © Items for taking decision

> Benchmark criteria in Excel workbook | e - 000

majority of the required model input data are not available from monitoring and field observations from the management site (or from of!

2 2 2 Wt
o 33 atleast 1 all elevant model parameter values are well in scientifc imated dircctly based on avai
OPTAIN Cloud 3 o item i ling to model output variables) wil i of all relevant model parameter values via model calibra
“.. s L Mowistheidentiabilty of the o il t0 allom o o
35 model parameters? if valid directly or via model calibration)
—_— h rly not h caliby data or other parameter available to allow for an adequate establishment of many
- - . 36 1 L relevant model parameter values
% WPs & Tasks WP4 Task 4.2 Model selection g — o —
37 if valid pal and interpreting the
38 L, | Howeasiyarethe model results if valid assistance from research staff or i ialists i ify ant i
s understood and interpreted? atleast  expertskill, d deep insight (e.g, those of a model developer) are needed to understand and interpret the model result
D Name a0 2 2 1item much "tacit” (i.e., difficult-to-express) knowledge or intuition is invelved in the interpretation of the model results.
a1 the model has gained wide and i i »
= atleast
| P the model is widely used in many countries
£l Com pleted Benchmark tables 43| How is the peer acceptance for the i et ) o e e b e e e
4 18 |modeland the model's consistency atleast1 the model s used and gained peer-acceptance mostly locally/nationally
[ | ith scientific theory? i
5 with scientific theory: o - bsscd o el
a Benchmark_decision_table_FieldScale Models NIBIO.xlsx =) atleast  themodelis based an specul i and/ar

a7, 2 2 Lz the model is used only by few persons
3
49 Total score 15 15 0 o 0
50 Number of "0" scores 0 0 0 V] 0
51

COMMON MODEL SWAP

SWAP / HYDRUS /
HYDRUS / CROPSYS/
SWAP SWAP
HYI?RUE SWAP SWAP SWAP

» Completed Benchmark tables (6 partners)

> Decision on model selection

boreal continental Pannonia

Models

well-known by the Team
no experience
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Model selection results — OPTAIN field-scale models

COMMON MODEL SWAP

HYDRUS / CROPSYS/ SWAP HYDRUS /

SWAP /
HYDRUS

boreal continental Pannonia

Models

well-known by the Team
no experience

https://nc.ufz.de/apps/onlyoffice/s/KA9Cr2bbtALGMHr?fileld=123941147
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The SWAP soil hydrological model

transpiration evaporation
from soil surface

'transpiration

interception precipitation

TGN surface runoff

surface |
runon

drainage
i outflow

groundwater
recharge
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The SWAP model domain and processes

Rain
Irrigation Transpiration
Transport of:
soil water
solutes

soil heat ™y -.: in rcePtion - ;

Evaporation

Runoff

Top soil

Second aquifer
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The SWAP - water fluxes between the domains

Precipitation

/ N\

Gross rainfall Snowfall

Gross irrigationi

. Sublimation
Interception

Soil evaporation
F'y

Nett rainfall Plant transpiration
Nett irrigation v Y

SNDW Melt

Inundation

rF w9

Runoff
Infiltration/exfiltration

v

surface
water

v

Drainage/Infiltration

Up/downward seepage I
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The heart of the model — the Richard’s equation

Darcy’s law
o(h +
—@!: —K (h) (1 +2)
oz
2 G{K (h)[Zthlﬂ
- S, () =Sy =S, (h)
. . - ot Oz
Continuity equation ~ o
50 @ sink terms
ot oz
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Richard’s equation (continued)

q - soil water flux density (cm d) Sink terms

K(h) - hydraulic conductivity (cm d1) |

h - soil water pressure head (cm) S.(h) - extraction rate by plant roots (cm3 cm=3 d1)
z - vertical coordinate (cm) | _

0 - volumetric water content (cm3 cm3) Sa(h) - extraction rate by drain (")

t - time (d)

S..(h) - extraction rate by macro pores (d1)

g and z are taken positive upward
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Solving the Richard’s equation

oh
o a{K(h)[a; 1”

— =8, (h)=84(h)=S,,(h)

ot oz
Relationship between 6, h and K \ Soil hydraulic functions
® - soil water content (cm3 cm-3) \

_ > Soil water retention curve ® = f(h)
h - soil water pressure head (cm)

K - hydraulic conductivity (cm dt)

» Soil hydraulic conductivity function

" ——

® =f(K) or h=f(K)
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The SWAP - water fluxes between the domains

Precipitation

/ \ Manual

Gross rainfall Snowfall - A
Example — Sinja

Gross irrigationi

Sublimation

Interception

Soil evaporation
F'y

Plant tran sbiralion
F'y

Nett rainfall
Nett irrigation

Inundation

rF w9

Runoff

Infiltration/exfiltration

4l
]
v

surface
water

v

Drainage/Infiltration

Richard’s equation E—

Up/downward seepage I
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SWAP-MODEL FOR MOVEMENT OF WATER, HEAT AND SOLUTES

Rain/Irrigation

Atmosphere _l

Interception l Transpiration

Soil evaporation
Surface runoff

» Surface waters
Unsaturated
zone ) \
} Drainage/
Sub-irrigation
gk e o Influenced Py: ”
e ﬂJ — hysteresis
g ~ soil spatial Drainage/
j variability Sub-irrigation
Seepage/ i =
Percolation l‘l - repellency )
— shrinkage
Deep Groundwater cracks (Feddes, 2007)
eddes,
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The OPTAIN SWAP Workshop

» Short introduction to hydrological modelling

» Short introduction of the SWAP model structure and theory
» Input and reference data requirement

» Tools for constructing met input data

» Processes, switches and parameters

> Reference data quality check

> Soft calibration tool

» Autocalibration tool

GOAL
> to have a finished project for each site
» @gain knowledge and get tools for further soft- and hard calibration of the SWAP model

& OPTAIN



csilla.farkas@nibio.no

Thank you © o200 orman
fOI‘ YOUI‘ | o @H20200PTAIN
attention! \
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