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Reproducible research is the foundation
on which scientific progress is built



= Reproducibility of catchment

" |Improving reproducibility by
using automated workflows

= How can catchment hydrology



Large proportion of scientific
research is not reproducible

> 70% failed to reproduce Only 11% was reproduced
other scientists’ work successfully by peers

Baker (2016) Begley (2012)



There is lack of transparency

Tools/Code/Data unavailable

Balancing level of detail

Fraud
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Using automated workflows addresses
lack of transparency in catchment modelling

Detailing model configuration

settings file

Making data available

data tied to the program



We created an automated
workflow for the SWAT model

How is the model
set up?

How does the new
workflow work?
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—> Topography
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SWAT model preparation process
constantly requires input from user

BB QSWAT 1.5

QSWAT parameters
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Select Project
Mew Project Existing Project
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Select landuse map
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Soil data

‘& ysersol STATSGO

Generate FUlHRUs shapefi

Set bands for slope (26)-

Insert
Clear
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Split landuses
Exempt landuses

Elevation bands
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'® Read from maps

O Read from previous ru
— Single/Multiple HRUs
() Dominant landuse, soil, slc
@ Dominant HRU
(O Fiter by landuse, soil, slop
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{0 Target number of HRUs
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— Threshold method
® Percent of subbasin

O Area (Ha)

Landuse table

Soil table [ Examplel_soils =

Read

—Set landuse, soil, slope thresholds—

0 Landuse (%} 100
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Create HRUs Cancel




SWAT model preparation process
constantly requires input from user

@ \rite SWAT Database Tables — [ X

—5elect Tabels to Wite
Completed |V Confirguration File {.Fig)
Completed | Soil Data (.Sel)

Completed [ \weather Generator Data {.\wWgn)
Completed [ Subbasin/Snow Data (.Sub/.Sno)

&Y SWAT Editor

Write Input Tables
SWAT Projec
IIue_niIe"-.que_

SWAT Param

IC:\wurkﬂuw\t

Edit SWAT Input = SWAT Simulation
Run SWAT

Read SWAT Output

Set Default Simulation

Manual Calibration Helper

|
Help

SWAT Soils Database (Reguired for re-wniting tables)

IC:‘\.SWAT\SWATE::I'rtnr"-.Databases\SWAT_US_Suils.mdl::

SWAT Executable Folder

|C:\SWAT\SWATEdkor'

Exait

Connect to Databases

=
A

g

.Setup and Run SWAT Model Simulation

- | X

— Period of Simulation

Min Date =01/01/15978

Starting Date : | 1/1/1979 EI Ending Date : |12/3172013 ﬂ

Mz Date = 12/3172013

—Rainfall Sub-Daily Timestep

Timestep:l vI Minutes

—Printout Settings

—Rainfall Distribution
{* Skewed normal

" Mixed exponential |'| k!

— SWWAT .exe Version
* 32-bit, debug " 32-bit, release
™ B4-bit, debug 1 64-bit, releaze

= Daily = Yearly [~ Print Log Flow ™ Print Pesticide Qutput
& Monthly NYSKIP: Iﬂ ™ Print Hourly Output [ Print Soil Storage

[~ Print Soil Mutrient [T Route Headwaters [ Print Binany Output
™ Print Water Quality Outputl™ Print Snow Output |~ Print Vel /Depth Output
[ Print MGT Qutput [ Print WTROutput [ Print Calendar Dates
Output File Variables | Al |

[~ Set CPU Affinity

" Custom (swatUser exe in TutlnOut folder) CPU ID: I'I

Setup SWAT Run

Rum SWAT | Cancel

Select All Cancel | Create Tables |

Ready |
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The Workflow requires a
predefined folder structure

shapes
Data
tables
weather
dem.tif

rob_soils.tif
roblanduse.tif

« workflow_lib

runQSWAT. py
Type: Python File

settings.py
Type: Python File

lhl:Jl

wnn 0O

QSWAT Workflow 1.5 Settings File---—-----——————- o
# Project Identification
Project Name = "working example"

nww___ ____ _ e File NAmAS e mnn

# Raster files (Should be projected with the same projection)

Topography = "dem.tif"
Soils = "rclbisoils.tif"
Land Use = "roblanduse.tif"

#Irrigation = nn

# LookUp Files

soil lookup = "soil lookup.csv"
landuse lookup = "landuse lookup.csv"
#

Usersoil = "usersoil.csv"
WGEN_user = "WGEN Robit.csv"

# Shape Files
Outlet = "drawoutlets.shp" # it should have same format as in the example

# Weather forks

Precipitation = "pcpRobStation.txt"
Temperature = "tmpRobStation.txt"
Rel Humidity = "rhumRobStation.txt"
Solar Radiation = "sclRobStation.txt"
Wind = "windRobStation.txt"

wew___________________________ PrAaart Ortione mn

# Watershed Deliniation (1 =
WS thresholds type =1

WS_threshold = 792

OUT Snap_threshold = 300 # metres

Burn in shape =" # leave as "" if none

p ———— HRU Definition --——-—————

Slope classes = "0, 10, 50, 9999"

# HRU creation method (1 = Dominant landuse, soil, slope , 2 = Dominant HRU,
# 3 = Filter by Area, 4 = Target Number of HRUs,

w

# = Filter by landuse, soil, slope)
HRU creation method = 3

# Thresholds (1 = Total Area , 2 = Percent)
HRU thresholds type = 2

HRU thres Soil = 10 # Only used if HRU creation method 5 is selected
HRU thres LandUse =12 ¥ can be set to "" if 5 is not selected
HRU thres Slope = 7

Target Value = 20 # used if HRU creation method 3 and 4 are selected

# Log progress or not? If yes, you will not see updates
Hlog = False # True or False
T SEElnER Wl = e




Initialize
Project

¥

¥

shapes

tables

weather
dem.tif
rob_soils.tif
roblanduse.tif

i 'I':'“_:n "..'J'..".-'—I'-._. N

Pythen File

', settings.py
- Type: Python File

example_project

Scenarios

Source

Watershed

Weather
example_project.mdb
QSWATRef2012.mdb

'Ej example_project.qgs

Type: QGIS Project




Initialize
PrOJect

Build Model from
QGS prOJect file

\

|
|
J
J

¢ Saved to databases

7 example_project.mdb

r

QSWATRef2012.mdb



Scenarios

Default
Tablesln

Initialize
PrOJect

TablesOut

Build Model from
QGS prOJect file

TxtinOut N _
Source

. example_project.mdb
| QSWATRef2012.mdb

J
|
Write SWAT J < Watershed / WGTkﬂOW lib
'”p“t Weather / w
J




- Scenarios

Initialize .
PrOJect . Dfafault
- Tablesln
_ TablesOut
Build Model from  TxtlnOut

QGS prOJect file

workflow_lib
Input

44
swat_64rel.exe Jw

Run SWAT Model <

|
|
Write SWAT J
J










The model can be visualised
and Modified in the GUI
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Application on Blue Nile
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We compared the model setups
scripted workflow vs GUI set-up

Flow (m3/s)
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The catchment modelling community

Easy and transparent way of sharing modelling

Saves time

Opens up opportunities for using high



Most catchment modelling research does not provide enough

We propose automated workflows that are easy

Once the data bound to the workflow is publicly made available and



B < ¥ VUB-HYDR/QSWAT Aut

< O o

VUB-HYDR / QSWAT_Automated Workflow @® Watch~ | 2 % star 3 YFork 0
<> Code Issues 0 Pull requests 0 Projects © Wiki nsights Settings
The automated workflow for setting up SWAT Models presented in Chawanda et al., 2018 EMS Edit
swat hydrology workflow tool Manage topics
D 16 commits ¥ 1 branch 2 0 releases A2 1 contributor s MIT
Branch: master v New pull request Create new file =~ Upload files = Find file Clone or download ~
celray version 1.5.0 Latest commit 99@17de 27 days ago
W Data version 1.5.0 27 days ago
i workflow_lib version 1.5.0 27 days ago
[£) .gitignore initial commit 3 months ago
[E) LICENSE version 1.5.0 27 days ago
=) README.md version 1.5.0 27 days ago
[E) runQSWAT.py version 1.5.0 27 days ago
[E settings.py version 1.5.0 27 days ago
README.md ra

QSWAT Automated Workflow v1.5

Automated workflow for setting up the SWAT Model presented in Chawanda et al., 2018 EMS.

To Install

Qgis 2.6.1 (32bit)
QSWAT 1.5

idal ~




m Celray James CHAWANDA
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