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Provisioning services

§ Agriculture: crop yield will be directly derived from SWAT outputs

§ Drinking water: the amount of blue water used for drinking will be
"\ assessed from the population distribution and needs
§ Hydropower: blue water transformed in energy by hydropower will be
estimated using the distribution and size of existing dams
§ Water for livestock: blue water available for livestock will be
estimated from the distribution of different types of livestocks

Supply: hydrological processes

Regulating and maintenance services

§ Biodiversity: the ecosystem diversity will be assessed by downscaling
existing land use information from 100m (geostat) resolution to 25m
(Lehmann et al. unpublished).

§ Flood protection: The Critical Consecutive Days Analyzer (CCDA)
has been developed at EAWAG (Vaghefi et al. in prep.).

§ Nutrient and sediment retention will be directly derived from SWAT
outputs

"\ § Carbon sequestration will be calculated with the INVEST package

§ Avalanche protection: this services will be assessed by GIS analyses
as in Grét-Regamey et al. (2008)%”

Demand: ecosystem services

Cultural services

§ Fishing for recreation: this service will be assessed by modelling the
species distribution of emblematic fishes species such as trouts using
species distribution models (e.g. GRASP160.161 or MARS162)

§ Recreation: the recreational value of river beds will be assessed by a
combination of GIS analyses of accessibility from roads and walking
tracks, and the density of photos made available on Flickr.
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SWATCH21: workflow and APIs
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Motivation

e Facilitate scientific analysis

O

Integrate spatially explicit models

o \Workflows

O

O
O
O

Reduce human resources
Reduce errors

Increase accessibility
Increase transparency

.
E,)
Model




SWAT Ecosystem Services
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Web Service Workflows

Available through the web (thin client)
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Open Geospatial Consortium Web Services (OWS)

Web feature service (WFS)
Web coverage service (WCS)
Web processing service (WPS)

Table joining service (TJS)
Catalog service for the web (CSW)
Web mapping service (WMS)
WaterML and more!
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OWS Usage

GeoServer
PYWPS
OWSLib
GET HTTP
POST XML

This XML file does not appear to have any style information associated with it. The document tree is shown below.

—<wps:ProcessDescriptions xsi:schemalLocation="http://www.opengis.net/wps/1.0.0 http://schemas.opengis.net/wps/1.0.0
JwpsDescribeProcess response.xsd" service="WPS" version="1.0.0" xml:lang="en-CA">
—<ProcessDescription wps:processVersion="3.3.1" storeSupported="false" statusSupported="false">
<ows:Identifier>hydropower_water_yield</ows:Identifier>
<ows:Title>Hydropower / Water Yield</ows:Title>
—<Datalnputs>
—<Input minOccurs="0" maxOccurs="1">
<ows:Identifier>results_suffix</ows:Identifier>
<ows:Title>Results Suffix (Optional)</ows:Title>
—<ows:Abstract>
A string that will be added to the end of the output uris.
</ows:Abstract>
—<LiteralData>
<ows:DataType ows:reference="http://www.w3.org/TR/xmlschema-2/#string">string</ows:DataType>
<ows:AnyValue/>
</LiteralData>
</Input=>
—<Input minOccurs="1" maxOccurs="1">
<ows:Identifier>precipitation_uri</ows:Identifier>
<ows:Title>Precipitation (Raster)</fows:Title>
—<ows:Abstract>
A GDAL-supported raster file containing non-zero, average annual precipitation values for each cell. The precipitation
values should be in millimeters (mm).
</ows:Abstract>
—<ComplexData>
—<Default>
—<Format>
<MimeType>image/tiff</MimeType>
</Format>
</Default>
—<Supported>
—<Format>
<MimeType>image/tiff</MimeType>
</Format>
</Supported>
</ComplexData>




Approaches and Challenges

e Internal process for GeoServer (Jython porting!)
e OWSLib client and PyWPS server (Specification incompatibilities!)
e QGIS plugin (Library version incompatibilities!)




Prototype

Trying Running SDR with flow 1500

(] Work in progress... Downloading remote inputs
. Assigned lulc_path cached /tmp/esws-IcCz90.tif
® gSCOﬂfIg (REST AP|) uploads Assigned erosivity_path cached /tmp/esws-9wb1h4.tif
Assigned watersheds_path cached /tmp/esws-O0XJTNC/watersheds.shp
e HTTP downloads Assigned dem_path cached /tmp/esws-s2HjnN.tif
. Assigned erodibility_path cached /tmp/esws-YQ7uzE.tif
® Python SCFIptS Trying Running SDR with flow 1500
A i i Uploading user-70b12bf4-bcef-11e8-92f6-80e650054182:sdr
© Shapeflle input and output with WFS Trying Reading SDR results for flow 1500
o  GeoTiff input and output with WCS Downloading remote inputs
. . Assigned shapefile_path /tmp/esws-z5D0gj/sdr.shp
© Csv input and output with HTTP Trying Reading SDR results for flow 1500
o SUBtoCSV The closest result is achieved with flow 1000
.. . . Generate scenario rasters
o CS8V join with shapefile Calculate SDR for scenarios

Trying Generate forest scenario raster
Downloading remote inputs
Assigned base_lulc_path cached /tmp/esws-IcCz90.tif
Trying Generate forest scenario raster
Uploading user-808433ea-bcef-11e8-92f6-80e650054182:scenario




Mixed Model Example

gs_ows_example.py - /home/mlacayo/workspace/esws/tools/invest/gs_ows_example.py (2.7....

File Edit Format Run Options Window Help

#run SDR with the current parameters 0
#natcap.invest.sdr.execute(args)

ws = make_named_workspace()
layer name = ":".join([ws, "sdr"])

uploads = {
layer name : os.path.join(args[u'workspace dir'], u'watershed results sdr.shp')
}

job queue.append([0O,
natcap.invest.sdr.execute,
args,
uploads,
"Running SDR with flow %i" % flow])

args = {
"shapefile path" : layer url(layer name),
"key" : flow, J
"csv path" : csv _path}

uploads = {}

job _queue.append([0O,
extract wrapper,
args,
uploads,
"Reading SDR results for flow %i" % flow])

A
Ln: 281 Col: 34



SWAT Example

swat.py - /home/mlacayo/workspa...

swat.py - /home/mlacayo/workspa... X

File Edit Format Run Options Window Help File Edit Format Run Options Window Help

[import os 0s.chdir(model path)
os.system(cmd)

model path = "c:\\swat sample\\model"

swat_exe = "swat.exe" sub_path = os.path.join(model path,

o "output.sub")
cmd = os.path.join(model path, swat exe) shp path = "c:\\swat sample\\subsl.shp"
print "Runnng %s" % cmd shp join sub.join(shp path, sub path)
0s.chdir(model path) easyows.publish shp(shp path)

0s.system(cmd) ] J
Ln:1 Col: O Ln: 19 Col: 0



Summary

e Need for model integration to streamline the data to decision making process
e \Web service workflows can achieve this with existing standards

e Implementation can be challenging, but the benefits are worthwhile



Future Work

6 months

~WPS execution
Python library
Command line tools
Documentation

Later

e QSWAT scripting?
e Visual programming environment

Model




o

c2 Ecosystem Services: a Methoo = Anthony
<« (' | @ Sécurisé https://www.coursera.org/learn/ecosystem-services/homefinfo r
% Applications [ nexus FAO Energy [l Nexus - Home [ unigeMailing [) ESP | Evise Login Page [) map-x [ enviroDashBoard |.. [ Squarespace - Login [] ECAS & smugmug »
coursera Institutions Catalog Q For Enterprise 9 Anthony ~

Ecosystem Services: a Method for Sustainable Development

University of Geneva

Ecosystem services are a way of thinking about - and evaluating - the goods and services provided by nature that contribute to the well-being of

humans.

Course Home

This MOOC will caver scientific (technical), economic, and socio-political dimensions of the concept through a mix of theory, case-studies,
Grades interviews with specialists and a serious-game. By the end of this course, our aim is to enable you to:
* define the concept of ecosystem services, its principles and limitations

Discussion Forums + understand the key services associated with any ressource (e.g., fresh water) through readings and case-studies

*  appreciate the advantages and potential risks of monetising ecosystem services
I Course Info * appreciate the social dimensions (power issues, cultural biases) embedded within any method
* integrate tactical advice on mainstreaming this approach into policy and standard government practices
Course Manager *  Optional: learn how to map ecosystem services with GIS tools

Staff & Mentors Only
This course was developed by instructors from the University of Geneva with the help of numerous researchers and input from the Geneva Water

Hub and the Natural Capital Project. The course was financed by the University of Geneva, the Swiss Agency for Development and Cooperation
(SDC) via the Geneva Water Hub, and the Luc Hoffmann Institute.

We look farward to you joining us! Help Center

g) UNIveRsITE mhgps://www.coursera.org/learn/ecosystem-serwces

"’ DE GENEVE



Next Summer School: June 2019
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MOOC on Ecosystem Services
July-August 2017
Dr Martin Schlaepfer, Prof. Juliet Fall, Prof. Lehmann

= Basics of Ecosystem Services

= Understanding of the key services associated with
any resource

= Mapping of the ecosystem services with GIS tools
MOOC available at: coursera.org/learn/ecosystem-services

Summer School in Presence at University of Geneva
GIS Introduction | 4 September 2017
Prof. Lehmann, Dr Yaniss Guigoz, Dr Pierre Lacroix

General Introduction « Basics of GIS » Quantum GIS
(QGIS) Software

Remote Sensing | 5 September 2017
Ms Karin Allenbach, Mr Bruno Chatenoux

Basics of Remote Sensing « Open Source Remote Sensing
Software: GRASS GIS

SDI — Metadata | 6 September 2017
Dr Andrea de Bono, Dr Grégory Giuliani, Dr Yaniss Guigoz

Spatial Data Infrastructure (SDI) General Introduction «
Basics of Metadata - Geonetwork software

SDI - Data | 7 September 2017
Dr Yaniss Guigoz, Dr Pierre Lacroix
Geoserver Software - GeoNode Software

Geoprocessing | 8 September 2017
Dr Grégory Giuliani, Dr Pierre Lacroix
Overview of Geoprocessing Concepts » Python Language

Meaaue 2B I

Statistics and Geostatistics | 11 September 2017
Prof. Anthony Lehmann

Overview of Statistics and Geostatistics Concepts =
Programming Statistics in R

Species Distribution Modeling | 12-13 September 2017
Prof. Anthony Lehmann, Prof. Antoine Guisan

Introduction to Species Distribution Modeling and
Biodiversity Assessment - Modeling in R

OR
Soil and Water Assessment | 12-13 September 2017
Dr Karim Abbaspour, Mr Marc Fasel

Introduction to Hydrological Modeling « Preparing a
SWAT Model with QGIS - Calibrating a SWAT Model with
SWAT-CUP

Ecosystem Services Assessment | 14-15 September 2017
Prof. Anthony Lehmann, Mr Martin Lacayo

Introduction to Ecosystem Services » Assessing
Ecosystem Services with InVEST « Assessing Ecosystem
Services with Python

Field trip (optional) | g September 2017

Integrative Work

September-November 2017

= Personal project based on the theme defined during
the enrollment and validated during the summer
school, using the knowledge and tools acquired
during the training

= The personal project should include some concepts
learnt during the modules 1 and/or 2A

= The professional or research topic will be discussed
individually during the summer school
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