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Water scarcity in the Serbian Danube: Agricultural land use and irrigation

More frequent droughts Water scarcity
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Water scarcity in the Serbian Danube: Agricultural land use and irrigation

/ \ / Hydrological/crop \ /Economic models +\

Remote Sensing

Crob manoin modeling decisions
* . F;te q gpric?ulture o Water balance o Crop choice
© M9 gricut  Crop yield o Irrigation investment
o Evapotranspiration

e Historical and future e Historical + future
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Lecture Objectives/Outcomes

1.

Describe the relationship between LCLUC and the hydrological cycle

Understand the role of remote sensing data in hydrological model
development and assessment

Describe hydrological modeling concepts and build a hydrological
model

Build communication/understanding of hydrology and hydrological
modeling concepts — modelers are the users of the data you
produce!



The classic
water cycle
diagram...

What is
missing?
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— Pools and Fluxes
Atmospheric moisture . g
over ocean _— On Earth, water can be fresh, saline, or a mix of both.

_— — i A P = N7 Pools are places where water is stored, like the ocean.
”‘,ﬁ_‘-_‘__\ ‘r- tmosp eﬂlc |:i|o|sture 5 Fluxes are the ways that water moves between pools, such
- over lan as evaporation| | |, precipitation |_ |, discharge \~,

recharge/ [ \, or human use . _>.

See www.usgs.gov/water-cycle for definitions.

Transport of moisture )
from ocean to land i e
7 - over land ~

e ~=

ot B

‘ Evapotranspiratio
T X T ik i =N

ot e {1

h e :
..‘,‘,/)‘""\\ ; = .“« —
) .

T Py N T Permafrost
' Reservoirs e

g 7T
. Pt VRN et
. : : o ,I1:.\ .‘w0":'”0‘,‘,0’(:&._,.‘w
oo Wi Groundwater -
EREL Y it e - recharge,
R AL T D
YA
&
o !

A

~ " Wetlands
+ brackish

iy

I e

B
. Agricultural X
water use

" Soil moisture




=ZUSGS Direct anthropogenic impacts related tolanduse

— Pools and Fluxes
Atmospheric moisture

over ocean — On Earth, water can be fresh, saline, or a mix of both.
= A Pools are places where water is stored, like the ocean.

- Fluxes are the ways that water moves between pools, such

as evaporation i |, precipitation {. i, discharge \,,

recharge/ [\, or human use . _>.

s - B r Atmospheric moisture
‘- - pover land

< See www.usgs.gov/water-cycle for definitions.
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Inland water
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https://doi.org/10.1088/1748-9326/ac46ec

The relationship

between agriculture N s
and water resources o

“Human intervention affects water
resources directly through water use
such as for irrigation, which
accounts for 70% of global water
withdrawal and 90% of water
consumption (Siebert et al. 2010). Many
hotspots of water scarcity globally
correspond to intensively irrigated
areas...”
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Scanlon et al. (2023) Nature Reviews Earth and Environmeht
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https://doi.org/10.1038/s43017-022-00378-6
https://doi.org/10.1038/s43017-022-00378-6

‘human img

act on rivers

“Large contiguous river §
networks with intact
natural connectivity
(CSI = 100%) remain only in
remote regions of the
Arctic, in the Amazon Basin
and, to a lesser degree, in
the Congo Basin.”

csi  Connectivity status index

100%  99% 97% 95% 93% 90% 80% 65% 50% 35% 0%  No flow /Grill et al. (2019) Natuké
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https://www.nature.com/articles/s41586-019-1111-9

Change and impacts on
the hydrological cycle

Drivers of change

* Global warming

* Deforestation

e Urbanization

* Agriculture

* Grazing

* Wildland fire

* Reservoir construction

* [nvasive species

* Mining/extractive industry

Fluxes and pools
e Surface runoff
 Soil moisture

* Groundwater

* Evapotranspiration
e Streamflow

* Lakes + wetlands

Water Quality

e Sediment

Nutrients

Pesticides

Heavy metals

Fecal coliform bacteria

12



To understand change, we need to know the
natural (reference) condition

REFERENCE

Atmosphere

Sublimation
T
ol
Depositio Evapotranspiration
Precipitation

Condensation

-

Freshwater

Ocean currents

U.S. Dept. of the Interior

U.S. Geological Survey

Howard Periman, John Evans, USGS

https:fiwww.usgs.goviwater-science-school

This diagram shows the Earth's “Natural” water cycle, omitting the significant impacts of human influences.

Precipitation

IMPACT

=ZUSGS

clence o  changing workd

Pools and Fluxes

Atmospheric moisture
over ocean On Earth, water can be fresh, saline, or a mix of both.

- Pools are places where water is stored, lie the ocean.
e - = - Atmospheric moisture Fluxes are the ways that water moves between pools, such
U — - - over land as evaporation| ||, precipitation |. ;, discharge \~,,
p— recharge/ [\, or human use ,>.

See wwnw.usgs.govAvarer-cycle for definitions.
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How to quantify effect of change? Study design

* Before-after change

L .4 A N | Stream flow dat
* Observed or future projection ‘A:h et e
Before A"LA
st —— A=f(B)
T *‘:&“‘ Stream flow data
* Control-impact #aTa "y 4 LootlectionB :
. Determine the
* paired catchments impact of forest
AR lAl Stream flow data felling on stream
[ | 4‘4‘ 4 | collection A flow
_ After AR | ’
* Before-after control-impact harvactiog. = S—
';v:u; t.urvcstnd) 8 coliection B 2

Before — After / Control — Impact (BACI) Studies

Xiao et al. 2022 Sci Tot Env
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Connecting LCLUC to hydrology and water quality

Time series discharge and water quality
In-situ measurements

Observe/model change
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Urbanization

e How does urbanization
alter the water balance?

* Do mitigation measures
(stormwater control)
reduce the impacts of
urbanization?

Study Sites

Distributed Treatment 1
1.2 km?

33% impervious

91% single family detached
105 practices/km?

Distributed Treatment 2

0.9 km?

44% impervious
50% townhouse
274 practices/km?

Distributed Treatment 3
2.1 km?

\ 20% impervious

| 65 practices/km? as of 2022

Forested control
3.4 km?
2% imperviouq

Urban centralized control
3.1 km?

41% impervious
47 practices/km?

Development Timelines

I——] Treatment 1

] Treatment 2
[ ] ] Treatment 3

g.zo»':-s

© 30%

g 20%

® 10%

E 0% v e i S = e
2000 2005 5(113? 2015 2020

@ Forested® Treatment 1@ Treatment 2 Treatment 3@ Urban Control

e
--

Row crop agriculture Construction: Land
grading and sediment and
erosion control

Suburban: Distributed
stormwater management

Land cover changes were tracked using data from the National
Agriculture Imagery Program (NAIP) and orthoimagery.

Hopkins et al. (2022a) Freshwater Sci; (2020) Hydrol Proc*6



https://doi.org/10.1086/719360
https://doi.org/10.1002/hyp.13593

U rba n izatiOn ™ runoff 1™ peak discharge | baseflow |, water quality

Study Sites Development Timelines 300 4
Distrizbuted Treatment 1 I T Treatment 1 Urban centralized
;fJ?npervious L 1 [ Treatment 2 ..E o004 — = Forested control
A S [ | 1 Treatment 3 . :
91% single family detached — —
105 practices/km? 0% E Urban d!str!buted 1
8 aon = 304 ™ Urban distributed 2
%20% 2
0% >
£l — e . . = 107
; 2000 2005 2010 2015 2020 o
Year E 5
@ Forested® Treatment 19 Treatment 2 Treatment 3@ Urban Control o
Distributed Treatment 2 11
0.9 km?
44% impervious D L
50% townhouse i . - y " . i
274 practices/km? Q 1 3 10 20 100 300
Precipitation depth (mm)
Distributed Treatment 3 i SR T
e Row crop agriculture Qonstructlon_. Land Suburban: Distributed @ Forested control v
i ; grading and sediment and  stormwater management
20% impervious : B Treatment 1
65 practices/km? as of 2022 erosion control @ Treatment 2 v v
reatme
9001 & Treatment 3 7 v
7 Urban control v

6001

Urban centralized control Forested control

3.1 km? 3.4 km?
41% impervious 2% impervious| 300
47 practices/km?

Specific conductance (uS/cm)

Land cover changes were tracked using data from the National 0 2000 2005 2010 2015 2020
Agriculture Imagery Program (NAIP) and orthoimagery. Year 7
Hopkins et al. (2022a) Freshwater Sci; (2020) Hydrol Pro<:,L



https://doi.org/10.1086/719360
https://doi.org/10.1002/hyp.13593

Drinking water

Minneapolis Water Treatment and Distribution
* Processes: 21 billion gal/year of raw water from the
Mississippi River headwaters

e Serves: >500,000 people

Legend
e Concerns: agricultural expansion, population growth, @  Gaging Station
urbanization, climate change e
Major River
SO S e TR R NLCD Class

- Open Water

|:| Developed, Open Space
- Developed, Low Intensity
- Developed, Medium Intensity
- Developed, High Intensity
- Barren Land

- Deciduous Forest
- Evergreen Forest
:I Mixed Forest

I:l Shrub/Scrub

I:l Herbaceuous

|:| Hay/Pasture

- Cultivated Crops

I:] Woody Wetlands

- Emergent Herbaceuous Wetlands

- “Thé'tonfluencs of the\SEICTON (IS lississippi (fight) rivers.

0 500 1,000 Service Layer Credits: Esri, HERE, Garmin, (c)
B T N <m OpenStreetMap contributors, and the GIS user community
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https://onlinelibrary.wiley.com/doi/pdf/10.1111/1752-1688.13109

Drinking water

Coupled land use change and hydrological modeling

LCLUC by 2050:

* Forest loss to agriculture in
headwaters

e Agriculture loss to expansion of
Minneapolis urban footprint

associated with population growth

(b) 100,000 1

Water quality changes by 2050:

(b)

TN Change (Mg)

(c)

Net Change (ha)

50,000 1

04
-50,0001 1 0 1 0

-100,000 4

-150,000 1

Scenario

Land Cover [l Cropland [] Developed [0 Forest [] Pasture [] Wetland

Woznicki et al. (2023) J. Am. Water Res Assoc

B2f

10

=10

Raw water nutrient loads increase in more
extreme forest loss scenarios

Impact is greatest in early growing season

Greater water treatment costs

OND AMJ JAS

ES AMB E3 A2 E5 B1 EE B2 E3 NLCDOf1

Scenario E3 A1Bf B8 A2f B8 B1f B3 B2f 19


https://onlinelibrary.wiley.com/doi/pdf/10.1111/1752-1688.13109

Forest hydrology: bark beetle infestation

Phases of infestation and hydrologic changes

Infestation-induced tree
death mapped using RS
(some examples)

* Bartaetal. (2022)
e Dalponte et al. (2022)
e Fernandez-Carillo et al. (2020)

Hydrological impacts:

* Transpiration {,

e Canopy interception {,
* Baseflow

* Peak flow T

* Soil evaporation T

B

Stage 1:
Green Phase
(0- 1 Years Post-Infestation)

EEEEEEEE

v
A

Stage 2:
Red Phase

(1 - 4 Years Post-Infestation)
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Stage 3:
Grey Phase

(4+ Years Post-Infestation)

Stage 4:
Tree Fall Phase

(4 - 10+ Years Post-Infestation)

Stage 5:
Forest Regeneration Phase
(10+ Years Post-Infestation)

B e = .
Ny
e s e e B e e e — ®

—————————————————————————————————————— B
e R W S i | IR e R U Wl | TS e Sy
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\ S
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Water Yield PeakFlow LowFlow Timing

£ o 4

Water Yield PeakFlow Low Flow Timing

e 4 «

WaterYield PeakFlow LowFlow Timing

+ 4+ 4+ o

Water Yield PeakFlow LowFlow Timing

4 4 4 €«

WaterYield PeakFlow LowFlow Timing

¥ \ A

Pugh and Gordon (2013) Hydrological Processes
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https://doi.org/10.1002/hyp.9312
https://doi.org/10.1016/j.foreco.2021.119984
https://doi.org/10.3390/rs14133135
https://doi.org/10.3390/rs12213634

POSt‘Wl Idfl e hyd r0|0gy: ™ runoff 1 erosion |, water quality

Distribution ‘\

to Homes

ALTERED:
DOM Character
DBP Precursors TREATMENT
Treatability PLANT

= )

S COMBUSTED: ELEVATED:

,Forest Biomass y Suspended Sediment
Organic& _ Nutrients, Metals

Mineral Soils DOM

Hohner et al. (2019) Acc. Chem. Res
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Legend (a,b)

NBR
-1 -0.5 0 0.5 1
Legend (c)
NBRuay-NBRawy
0

-2 -1 1 2
General Legend (a,b,c)

—— Major streams

O Camp Creek catchment divide

O Stanley Creek catchment divide

A USGS 07103800, rainfall

USGS 07103703, streamflow,
rainfall

A NOAA COOP055352, rainfall

38'S2'N
1

5

tm =1 ~
% |
!

Moreno et al. (2020) J Hvdrcl

105°00'W

104°52'W

Q [mal;s)n.s

Post-wildfire hydrology

Linking normalized burn ratio (NBR, MODIS MOD13Q1) to
pre- and post-fire rainfall-runoff events

Pre-fire runoff event

Post-fire runoff event

(a) (b)
e = w =P ©
Po=2819mm Lo lg=6.12mmh [ O
o= 8.1 mm/h 2
Im:,‘=25,4 mmh T < lyax=36.2 mm/h <
o -0 o . 3 W
@ Q*=021m’ 1 Q"=23.43m
1 Q*/Pyy = 0.002 s g / P'“é :62‘853 /
2 Qu=0.1m’/s @ o pk = 804 M/S
] E ]
e c o
= =
S 13:30 14:00 14:30 15:00 15:30 16:00 16:30 S 17:30 18:30 19:30  20:30  21:30
Local Standard Time Local Standard Time
(=]
— Pre-Fire
— Post-Fire
55 All parts of flow
£5 regime affected
s
S
=
(=]
0 5 10 15 20 25 30

% of time flow equals or exceeds Q
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https://doi.org/10.1016/j.jhydrol.2019.124244

Socio-hydrology and interdisciplinary studies

“Socio-hydrology can deal with a Transdisciplinary state
range of policy-relevant

guestions... while hydrology alone

cannot address these questions as  gocial
it fails to consider how sciences
anthropogenic activities affect

natural hazards, and vice versa

(Di Baldassarre et al., 2021)” Societal
Actors (c)

Hydrology

Socio-hydrology

Vanelli et al. (2022) HESS



https://doi.org/10.1029/2021av000473
https://doi.org/10.5194/hess-26-2301-2022

Socio-hydrology and interdisciplinary studies

“Socio-hydrology can deal with a range Transdisciplinary state
of policy-relevant questions... while
hydrology alone cannot address these
questions as it fails to consider how S,
anthropogenic activities affect SCIeNCes
natural hazards, and vice versa
(Di Baldassarre et al., 2021)"

Hydrology

Socio-hydrology

Societal

Remote sensing can (and does) play Actors (c)

a direct role in socio-hydrology

Vanelli et al. (2022) HESS 24
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Hydrological modeling: model specifications

e Simulation type e
* Event (single-storm) ”m | ?{
e Continuous (long-term) o,

b il e
. . - . r.,.-’,) d (iﬁl ;
* Physical representation? 4 Savras o

& Groundwater-flow

* Empirical/statistical
e Conceptual
* Process or physics-based

Bedrock

* Spatial structure

infiltration
* Lumped
¢ Se m i_d iSt ri b Ute d ( anln\;'.!v::dt-l flow
e Distributed | -

Penn State Integrated Hydrological Model 25



http://www.pihm.psu.edu/index.html
http://www.pihm.psu.edu/index.html

Hydrological modeling: key processes

* Overland flow

 Soil water/moisture
 Capillary lift

e Evaporation and transpiration
* Groundwater recharge

e Groundwater flow

. 7%

=

'f Unsaturated zone
ok Re(‘hame{; '
' Capi tawllh. oo Radiati
o
* d.(.il B U
Saturated zone
/3
& Groundwater-flow Precipitat

Bedrock

piraton
A
U Precipitation

Infiltration gl
P 5
Evaporation”, [
A 4 O
H e,
wli
g ‘»,,”’Cyl

=L,
Groundwater flow

Bedrock

Penn State Integrated Hydrological Model
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Model spatial structure: rainfall-runoff models

Lumped Semi-distributed Distributed (gridded)
"N

)/ﬂ\m ‘ /erum} \\- «mﬁ\j
' ? g \i’] K&
)

A 135 i\ | \f\ /7
ey \\“”‘:?’?i?*\fﬁ

INCREASINGLY DETAILED REPRESENTATION OF SPATIAL PROCESSES

Sitterson et al. (2017) 27



https://scholarsarchive.byu.edu/cgi/viewcontent.cgi?article=3977&context=iemssconference
https://scholarsarchive.byu.edu/cgi/viewcontent.cgi?article=3977&context=iemssconference

Process spatial and temporal scales

Important
processes in
the region of
interest affect
model choices
and model
setup

100 yrs

10° 10+ 10 10 10 10° 107 10° 10° 10 LENGTH [m]

1)‘f —

1 mon -

1d

1h <

1min

b — -

— —

T
Transpiration

| I | ) | 1 | I 1 I I

A
Al

-
——

& 4 " L A
1 | 1 ]

1 4 . 1 4 L
1 mm 1em O.1m im 10m 100 m 1km 10 km 100 km 1000 km 10000 km

Spatial and temporal scales of hydrological processes in urban areas,
Elga et al. (2015) J Hydrol)

T TIME [s]

107
10’
10°
10°
10t
10°
10

10¢
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https://doi.org/10.1016/j.jhydrol.2015.06.028

Model spatial and temporal scales

Soil moisture models = hillslope models - catchment models - global hydrological models

macropares

pref. flowpaths

local hillslope
im 100m

s0ils

catchment
10km

Jan Juna

tyr

Figure 6. Heterogeneity (variability) of catchments and hydrological processes at a range of (a) space scales and (b) time-scales

Bloschl and Sivapalan (1995) Hyd Proc

seasonal

Dec

1900 1850 2000
long term

100yrs



https://doi.org/10.1002/hyp.3360090305

Robust hydrological process

representation

e Data requirements (blue)
e Objectives (white)

* Decision points (green)

* Model selection (pink)

* Improvements in model
development (yellow)

Use empirical/
statistical models

e

Simulate internal
catchment processes?

v Assess the relative Assess the
- importance of — mode(s) of
water mputs runoff

Climate, land cover,

geomorphology, soils, etc.

}

different landscape

Effects of soil
moisture T
v |
Thresholds for flow Scaling
pathwaysin (¥ issues

' Subsurface flow — soil
matrix, preferential

Overland flow —
Hortonian, saturation

1
Remotely Ground- :

I| sensed data || baseddata || g

e —— ; p—y——y— T p—y—y—— |

features '—1—’
P L L L T T T T T F =
|

Fully distributed vs. L Connectivity

lumped model = of flow paths [€=

simulations?

Catchment area, riparian
zone width, availability &
quality of catchment data

— Optimal catchment (¢

y

Model structure?

v

model

Sidle (2021) Geoscience Letters
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Model parameterization: an inverse problem

Rivers .{ \_&(\ Causes (Parameters)

Unknown (or uncertain)

DATA TO PARAMETERS

P-. ~ : representing key
Topography = 4 physical/conceptual

Effect (Streamflow)

processes Known
Soll
Properties (at catchment
outlet
Land Cover discharge gage)
GQO'OQY Image credit: Hydrological Modelling

and the Water Cycle (2008).
Sooroshian et al. (eds)
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https://link.springer.com/book/10.1007/978-3-540-77843-1
https://link.springer.com/book/10.1007/978-3-540-77843-1

Calibration/Uncertainty Analysis

* Model assessment: How well does the
model capture reality?

Observations vs. simulation

M As A AN

* Assessment options using measurements:

1. River discharge at catchment outlet
* Global Runoff Data Centre (GRDC) data

TN (Mg) (¢ Sediment (Mg) @  Discharge (m3 s 1J>

2. Catchment internal processes (spatial)

* Evapotranspiration (RS) 23°°§ W

* Depth to water table (wells or coarse country

D
datasets ) g - W
¢ C ro p yi e I d ( CO u nt ry d ata S etS/ RS ?) ° 01-2001  01-2002  01-2003  01-2004  01-2005 01-2006 ~ 01-2007  01-2008  01-2009  01-2010  01-2011  01-2012  01-2013
* 1 & 2 (best option) = G

Woznicki et al. (2023) JAWRA (Supplemental)



https://doi.org/10.1111/1752-1688.13109

Model parameterization: an inverse problem

Causes (Parameters)

Rivers ,{ \ Unknown (or uncertain)
ADJUST PARAMETER VALUES to

maximize agreement between
simulation and observation

Effect (Streamflow)

Topography =" Known
Soll
FTOperies lterative
Image credit: Hydrological Modelling
Land Cover Process and the Water Cycle (2008).
Sooroshian et al. (eds)
- 1::' MM’\/\’UWWM
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https://link.springer.com/book/10.1007/978-3-540-77843-1
https://link.springer.com/book/10.1007/978-3-540-77843-1

Remote sensing datasets used in hydrology studies

*Not a complete list!

Can be used in forcing, assimilation, parameterization (initial conditions/physical
processes), and/or model calibration/evaluation (depending on the data)

* Precipitation (TRMM, GPM)

e Surface water extent (Landsat, MODIS, Sentinel-1, Sentinel-2, VHR)
* Land cover/land use (Landsat, MODIS, Sentinel-1, Sentinel-2, VHR)
 Soil moisture (GRACE, SMAP, Sentinel-1)

* Terrestrial water storage (GRACE, GRACE-FO)

e Evapotranspiration (MODIS, Landsat, AVHRR)

e Surface water elevation (SWOT, ICESat-2)



Soil and Water Assessment Tool (SWAT / SWAT+)

* Components:
* Land-based hydrological cycle
e Channel processes and routing
* Plant growth
* Land management practices

* Erosion . |
* Nutrient cycles and transport Sl | SWAT l
. Assessment Tool

* Characteristics:
e Continuous (long-term)
 Semi-distributed

* Hybrid: physical process information coupled https://swat.tamu.edu/software/plus/
with conceptual and empirical algorithms
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Soil and Water Assessment Tool (SWAT / SWAT+)

“Comprehensive tool for simulating
streamflow and pollutant transport
across a wide range of spatial and
temporal scales, environmental

conditions, land management ot vt
practices, and land use and climate =
change scenarios” (ieger et al. 2016) Zzz
500
Components:
* Land-based hydrological cycle 200
* Channel processes and routing 100

Plant growth

Land management practices
* Erosion

* Nutrient cycles and transport

Open-source code

Can be coupled with complex
groundwater models

~5900 peer-reviewed articles using SWAT as of March 2023

Total Articles in SWAT Literature Database

W Total database articles

Total English database

_________ IIIIII
5 o oD DO ODD D> O B A
o> & of AL HTISILFTFFLFS
W T DT DT DT AR AT ADT AT AR DT DT D

articles | | |
D NI NN N RN )

SWAT Publication Database
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https://onlinelibrary.wiley.com/doi/full/10.1111/1752-1688.12482
https://www.card.iastate.edu/swat_articles/
https://www.card.iastate.edu/swat_articles/

SWAT+ Data Requirements

* Digital elevation model (DEM)

* Soil raster with database of key parameters

 E.g., Sand/Silt/Clay, hydraulic conductivity, bulk
density, etc.

e Land cover / land use map
 Daily weather (tabular with coordinates)

* Other (optional, dependent on catchment):
* Reservoir volumes and operation
 Common crop rotations and land management

Rivers

Soll
Properties

Land Cover
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N
Spatial representation ‘$+‘ )
in SWAT+ =4

* Many spatial objects in SWAT+ with variety of
connections for flow routing: Point Source 1 Hplaind Stibasth

100% Flow

E

a) Upland to floodplain to river channel (runoi

20% Total Flow

b) Upland to aquifer (recharge)

hann, NP

c) Channelto reservoir (river flow) S

| 1 Floodplain
HRU
100% Flow

d) Withdrawal from reservoir to upland
(irrigation)

Reservoir 1
https://swatplus.gitbook:io/decs/user/editor/inputs/connections 38



Overview of modeling process in SWAT+

1. Catchment/watershed delineation (digital elevation model)
2. Landscape characterization = Landscape units (LSUs)
3. Hydrologic response units (HRUs) definition

4. Weather inputs (daily precipitation, temperature, rel. humidity, wind
speed, solar radiation)

5. Other (optional decision tables):
1. Parameterize agricultural/forestry management operations
2. Initialize reservoir operations



Watershed/catchment delineation (drainage based)

* Requires digital elevation model
(DEM) and (optional) stream
network shapefile

e Calculates flow direction and flow
accumulation based on a defined
outlet/pour point

* Defines catchment boundary

e Defines subcatchments based on
stream network
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Watershed/catchment delineation (grid-based)

* Requires digital elevation model
(DEM) and (optional) stream
network shapefile

e Calculates flow direction and flow
accumulation based on a defined
outlet

* Defines catchment boundary

* Defines grid cells and attaches
them to stream network
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Calculate landscape units (LSUs)

e Partition catchment into
floodplain and upland units

* Multiple methods
e Buffer (e.g. 25 m)

 DEM-based using low points
on the landscape
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Hydrologic response unit (HRU) definition

e Each HRU has uniform land
use/soil/slope/land management

* Lumped aspatial units with
subbasin or grid cell

* Computationally efficient
* User defined level of aggregation

* Model is param

-------------

HRU :
Hydralagic
Response Unit

Credit: Amin Zettam
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Ingest daily weather data

precipitation
4 Nov 2013

* Precipitation

* Minimum and maximum temperature
* Relative humidity*

* Wind speed*

 Solar radiation™

E-OBS daily gridded meteorological data for

*Not required, SWAT+ weather generator Europe from 1950 to present derived from
(WGEN) can create based on long-term global in-situ observations

weather generator database 44



https://cds.climate.copernicus.eu/cdsapp#!/dataset/insitu-gridded-observations-europe?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/insitu-gridded-observations-europe?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/insitu-gridded-observations-europe?tab=overview

Other model components

e Agricultural decisions
* |rrigation

* Planting and harvesting
* Rotations

* Tillage
* Reservoir operations
* Water withdrawals

* Point source discharges

Irrigation based on soil water thresholds

S L T TV T 1
I v[ NQ w\ N P ‘
350
\ 50
\
300 \
, \
S \
| #
\
— 250 n' \
£ o \| 100
s v
h . | |
; |"l€~“| h“\ '\ \
%_ '\ W \ .l \ 1 |‘ 150
Y 150 7 \ radel e W
f ! : a f "
o I\" \ | i : ! \
\ rd 1 | \
i | S L ) ! l A i
| A ~ ‘| 1 \ s T 200
| | -
50 1 h |
\ )
i TN |
11T Mgt f
Wy i l“l"u e
0 nRrves ne 5 1 ‘ ' 250
1/1/2014 4/1/2014 7/1/2014 10/1/2014 1/1/2015 4/1/2015 7/1/2015 10/1/2015 1/1/2016 4/1/2016 7/1/2016 10/1/2016
Date

I Precipitation B [rrigation (.8, 25.4) I [rrigation (.6, 50) Soil Water (.8, 25.4) - == Soil Water (.6, 50)

Arnold et al. (2018) Water
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https://doi.org/10.3390/w10060713

Upcoming NASA Applied Remote Sensing
Training Program (ARSET) session

TRAINING

e Pre-fire land cover ARSET - Assessing the' ITmpacts of Fires on
mapping Watershed Health

PROGRAM AREA: WILDFIRES DISASTERS  ECOLOGICAL CONSERVATION ~ WATER RESOURCES

e Watershed delineation
* Post-fire burn severity

* Pre- and post-fire
hydrology/water I
quality modeling with PEsinlgeiCn

This advanced-level training will focus on using remote sensing observations for monitoring post-
SWAT fire impacts on watershed health, building off the ARSET training offered in 2021: Satellite

Observations and Tools for Fire Risk, Detection, and Analysis. Specifically, this training will

highlight uses of NASA Earth observations (EQ) for pre-fire land cover mapping, watershed

< Ag|A

LANGUAGE(S): English

delineation and stream mapping, post-fire burn severity mapping, and pre- and post-fire riverine TRA”T”NG EE B
and freshwater water quality. This three-part training will highlight case studies that use remote TYes
sensing data for assessing the impacts of fires on watersheds. This training will also provide A dvanced
participants with hands-on exercises for using NASA EO for these assessments within the Soil —
Water Assessment Tool (SWAT) and Google Earth Engine. S AINE P

SOURCE:

[ AGENDA :|
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https://appliedsciences.nasa.gov/join-mission/training/english/arset-assessing-impacts-fires-watershed-health
https://appliedsciences.nasa.gov/join-mission/training/english/arset-assessing-impacts-fires-watershed-health
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SWAT Walkthrough — Setup

QGIS > Plugins > Install Plugins >
Install SWAT+

Click SWAT+ tool, , in the top-right
of the QGIS toolbar

Create New Project > select directory
> svratka_model

Delineate Watershed

QSWAT+ 2.3.2

QSWAT + Parame ters

Select Project

Mew Projec

it

Ok

Existing Project
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SWAT Walkthrough — Delineate Watershed

* Select DEM >
Model_Inputs/DEM/svratka_dem.tif

* Uncheck Burn in existing stream network
* Create streams
* Leave inlets/outlets unchecked

* Check Make grid, enter 20, click Create
watershed

* Create landscape > Create > DEM
inversion with 9763 cells & 0.10 slope >
Create > Done

e Click OK

EH Delineate Watershed — O
Select DEM

‘GreeneSerbia/TAT [Svratka/svratka_model2/Watershed [Rasters [OEM fevratka_dem. tif

Delineate watershed |Use existing watershed DEM properties TauDEM output

Burn in existing stream network:

Stream threshold (9763 Cells 97.63 Area | 5Q. km - Create streams

Use an inletsfoutlets shapefie

v Makegrid |20 |5/ Grid size Create watershed

Create landscape Merge subbasins Add Lakes

Add lakes shapefile

Don't display lake messages * | Lake number Remove lake cells | | Add lake cells

= | Mumber of Show Taudem |

o processes output Ok Cance




SWAT Walkthrough — Create HRUs

() Create HRUs - a X

Landuse and soil

Landuse and soil

{Serbia/TAT /Svratka/svratka_model/Watershed/Rasters/Landuse/svratka_landcover.tif

o Select Ianduse map > Select soil map

D:/Greene/Serbia/TAT /Svratka/svratka_model/Watershed/Rasters/Soil svratka_soils. tif

Landcover/svratka_landcover.tif Sect ke nd sl dotabse

D: /Greene/Serbia/TAT /Svratka/svratka_model/svratka_model.sglite

* Select soil map > HWSD/svratka_soils.tif e e

* Leave landuse and soil database as default T so;::z ::::z:i;m :
e Soil data > usersoil Setshpe brc (4 - :
* Tables > Landuse lookup > =

Landcover/landuse _lookups.csv 5,5, 1,559

Reservoir threshold

Tables > Soil lookup > HWSD/svratka soils.csv

101 + | % water Read choice Generate FulHRUs
shapefile

Optional ®) Read from maps

Tables > Usersoil >
HWSD/svratka _usersoil_main.csv, then
svratka _usersoil _layers.csv

Elevation bands Read from previous run

Read

Cancel




SWAT Walkthrough — Create HRUs (cont.)

L) Create HRUs _ O
e Set slope bands at 5 and 10% e
e Reservoir threshold and elevation bands will be ) oo 0 2 [F
Ieft aS the dEfaUIt S ® ) Filter by landuse, soil, slope — -
. P . Filter by area 0 Seil (%) 35 |10
d Enter I”VflOOd_lO.t’f |n the fIOOdealn map Target number of HRUs Lt
drO deWﬂ Threshold method 0 Sope(es) 47 |10
e Select Read from maps and Read e -
HRUs

* In HRUs tab, select Filter by landuse, soil, slope
* Landuse =10% > Go

* Soil =10% > Go

* Slope = 10% > Create HRUs




SWAT Walkthrough — Run SWAT+

Weather > Start

years

* Select only the outputs displayed to the
right. Save Settings & Run Selected

Click Edit Inputs and Run SWAT+, Start

Outputs to Select

Click Edit SWAT+ Inputs,
Weather Generator > Import Data > Start

Weather Stations > Import Data >

Click Run SWAT+, n
* Simulation period = 2018-2022

e Output to print > warm-up period = 2

Daily Monthly Yearly

Model Components

Channel

Water Balance
Basin

Landscape
Unit

HRU
Losses
Basin

Landscape
Unit

HRU

Average Outputs
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SWAT Walkthrough — Visualize: Map

* Click Visualize
* Choose SWAT+ output table > Isunit_ wb_aa

e Static maps > Choose variables > surq_gen > Add >
Create

DA RRY QP RPP Q. 3as &I
RV ZWEB B 1y

Browser @®
ORevYy=®eo

Favorites <
» " spatial Bookmarks
» [ Project Home
» (6] Home
» [ €:\ (Windows)
» [] D:\ (DATA)
» [ E:\ (New Volume)
» [ F:\ (Badkup)

0" GeoPackage -
Layers o®
v @O TV&-FAL

QJ Animations
v vV D Resuts

~ v 7 pefault surq_gen Annual means
vlo-2
v 2-7
vi[ | 73-13
v/ [ 134-216
v [l 2s-37
® GRDC_Discharge_Danube

v [ G Default sedyid Annual means

G2 pefault surq_gen Annual means
’ B watershed
» ¥ Landuse

» @ sol
»

Q. Type to locate (Ctri+K Coordinate | 4834159,2048428 | W Scale | 1:669897 ~ | {@ Magnifier | 100% +| Rotation |0.

EM Visualise Results

Choose scenario

Choose SWAT+ output table

: Default

| X
v | \ Isunit_wb_aa

Choose period

Start date

Finish date

|1 v_f\qanliary ~ | 2020

|31 - | |Decembe ~ | 2022

Day Month Year Day Month Year
m‘ Animated maps = Plots = Post processing
Choose results shapefile
5cenarios\Default\Results\Isunit_wb_aaresults.shp | ] |
Choose variables
 surg_gen v
| Add
\ All
'\ pel
| Clear
\ Create \
Print
® Landscap () Portrai  Numberofmap: (1| | Print |
\ Close \
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SWAT Walkthrough — Visualize: Time Series

Bl visualise Results - O X
* Click Visualize Choose scenar Choose SWAT+ ot table
* Choose SWAT+ output table > = S '
channel_sd_mon =T =
* Plots > Choose observed data file > i e B s v

GRDC_Stations/6142260_observedFlow.csv S owasinrel| o [[ERpe

Choose observed data file (optional)

* Plot type > Graph/bar chart — .
¢ Un|t > 270 270~ ||270 Flow -

Add plot Scenario Table Unit  Variable

* Variable > flo_out > Add plot )
 Add observed —
 Plot ol

Plot

* Create CSV filename, svratka flow plot > i

Save




SWAT Walkthrough — Visualize: Time Series

flo_out(m~ 3/s)

()

Date
2020/1
2020/2
2020/3
2020/4
2020/5

Seriesl:

Seriesl: Default-channel_sd_mon-270-flo_out(m~3/s) Series2: observed-Flow Nash-Sutcliffe Efficiency Coefficient = -15.34

Q SWATGraph

4 —
3 -
2=
1 -
o = B | h/\’.—
T T T T T T T T T T
2020-01 2020-05 2020-09 2021-01 2021-05 2021-09 2022-01 2022-05 2022-09 2023-01
Date
— Default-channel_sd_mon-270-flo_out(m~3/s) = observed-Flow
e — [
$Q =~
Default-channel_sd_mon-270-flo_out(m~3/s) observed-Flow =
Plot type
0.0553 0.757 = h/bar chart
0.407 1.73 ine acaphyha.cha
0.119 1.424 Chart Type
0.026 0.856 rEp——
0.258 0.784 _ grap Update

Default-channel_sd_mon-270-flo_out(m~3/s) Series2: observed-Flow R2 = 0.43 (Pearson Correlation Coefficient = 0.66)

New File ‘

to Plot Close
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SWAT Walkthrough — Landcover Change Example

* Create a secondary SWAT+ project using the
same parameters except the landuse map

* In Create HRUs > Select landuse map >
Landcover/landcover change.tif

* In Visualize Results > Choose SWAT+ output
table > Isunit_Is_aa

e Choose variables > sedyld > Add > Create

 Compare these sedyld results to the original
project's sedyld results

* Note changes in sediment yield in the
Northeast corner where "reforestation"
occurred

B@V.ZWmE @

£
o I

e JE gEgags @ A

Al

%
R

Al
1
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