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Structure of presentation

1. Background reading - guidelines and past
work on spatial prioritization including reports
and peer-reviewed literature

a. Steps setoutin b. Additional steps and | a. Enablers — support
Vanuatu report troubleshooting

3. Results - in progress




Literature (guidelines - grey)

Main sources
and instructions

Delevaux, J.M.S. & Stamoulis, K.A. (2020)
Assessment of ridge-to-reef management
actions in Tagabe watershed and Mele Bay,
Vanuatu. Suva, Fiji SPC, 63 pp.

Assessment of ridge-to-reef management
actions in Tagabe watershed and Mele Bay,
Vanuatu

Scenario planning

Delevaux, J.M.S. & Stamoulis, K.A. (2019)

Identification of priority sites for future upscaling ridge-
to-reef investments in Vanuatu. Suva, Fiji SPC, 48 pp

Spatial prlorltlzatlon

Identification of priority sites for future
upscaling of R2R investments,
VELUENT

Prepared for Ridge-to-reef Programme,
GeoScience, Energy & Maritime Division,
SPC

by Seascape Solutions, LLC
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Input datasets for SDR (data sources & pre-processing)

W NatCap Software Support sdr
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Many thanks to the incredibly helpful developers and GIS experts who provide support on these fora...

I have recently completed some of the tutorials for IN'VEST SDR in both the first module and the data
acquisition and processing section in the latter section. The modules allow us to get an understanding
of what the input data might look like. | am now in the process of trying to work out how best to generate
these data inputs for my own case study area.

The guideli here are fairly ive too: SDR: Sediment Delivery Ratio — InVEST
document tation
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SPC resources and technical reports

Figure 1 below provides a map showing boundaries, total areas stretching from the upper
A areas or ridge of the catchment upstream and downstream including adjacent reef systems
e ™S

- adjacent to the point of discharge at the mouth of the river catchment
Pc\qﬁc RER https://drive.qoogle.com/file/d/1GW
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Resource Library

Vanuatu > Tagabe Bay Landcover / landuse change

And sediment modelling

Resource Library - Technical Reports
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Spatial prioritization guidelines - Vanuatu

1. Land-sea framework to model
watersheds and prioritize

2a. Baseline LULC 2b. Baseline scenario 2¢. Scenario design /

classification modelling modelling

2. Sediment delivery || 3- Water quality 4. R2R impact
ratio — SDR modelling | modelling assessment

5. National watershed
prioritization




INVEST Models

Carbon Storage and Sequestration

Habitat Risk Assessment

Coastal Blue Carbon

Annual Water Yield

Coastal Blue Carbon: Precurssor

NDR: Nutrient Delivery Ratio

Coastal Vulnerability

Pollinator Abundance: Crop Pollination

Crop production: percentile model

Visitation: Recreation and Tourism

Crop production: regression model

Marine Finfish Agriculture production

RouteDEM

Scenario Generator: Proximity Based

Unobstructed Views: Scenic Quality Provision

Fisheries

SDR: Sediment Delivery Ratio

Fisheries: Habitat Scenario Tool

Seasonal Water Yield

Forest Carbon Edge Effect

Urban Cooling

GLOBIO

Urban Flood Risk Mitigation

Habitat Quality

Wave Energy Production

Models used in
Vanuatu report

SDR: Sediment Delivery Ratio

Others — water quality
and hydrology

ArcGIS Hydro Toolbox

QGIS Hydrology tools

Water quality model > SDR



What is INVEST - NatCap

Stanford University

NATURAL CAPITAL PROJECT

Who We Are ~ Research ~ Impact -~ InVEST Software Platform ~ Discover ~ News ~

INVEST

INVEST (Integrated Valuation of Ecosystem Services and Tradeoffs) is a suite of models used to
map and value the goods and services from nature that sustain and fulfill human life. It helps
explore how changes in ecosystems can lead to changes in the flows of many different benefits to
people.

What is INnVEST?

INVEST is a suite of free, open-source software models used to map and value the goods and services from nature that sustain and fulfill
human life. If properly managed, ecosystems yield a flow of services that are vital to humanity, including the production of goods (e.g.,
food), life-support processes (e.g., water purification), and life-fulfilling conditions (e.g., beauty, opportunities for recreation), and the
conservation of options (e.g., genetic diversity for future use). Despite its importance, this natural capital is poorly understood, scarcely
monitored, and, in many cases, undergoing rapid degradation and depletion.

Governments, non-profits, international lending institutions, and corporations all manage natural resources for multiple uses and
inevitably must evaluate tradeoffs among them. The multi-service, modular design of InVEST provides an effective tool for balancing
the environmental and economic goals of these diverse entities.

Support Our Work

Search this site... Q

INVEST

integrated valuation of
ecosystem services
and tradeoffs

ﬂ‘- Download InVEST 3.8.9
(Windows)

i‘- Download InVEST 3.8.9 (Mac)

-‘- INVEST User's Guide (online)

ﬂ‘- Older and Development
Versions of InVEST




How the SDR model works:

Modelling impacts of sediment transport > implications for coastal
reef ecosystems

Micronesia, Kosrae State: Limits of Adaptation—Loss and Damage Associated with Coastal Erosion
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. . « . . ( ) . Data Sources: The data on the coastal erosion impacts of extreme weather events (left) were obtained from a household survey conducted on Kosrae island in 2012. The data on elevation
’ Sediment delivery Sedimentation - Seagrass burial Pt Resuspension (upper right) were obtained from Blair P. Charley. The data on mangroves (lower right) were obtained from Giri et al. 2013. Global Mangrove Forests Distribution, 2000,
= Global Ecology and Biogeography 20 (1): 154-59.
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How the SDR model works:

Th

spatially explicit model

uses remote sensing satellite imagery data inputs

computes amount of annual soil loss from each pixel

then computes the ratio of soil loss reaching the stream > transported out of the catchment.

e result of soil loss becomes a proxy for catchment vulnerability as the sediment

Annual Soil Loss

The amount of annual soil loss on pixel i, usle; (units: tons - ha=' yr="), is given by the revised universal soil loss equation (RUSLE1):

where

usle,- — R,' . K,' . LS, . C,' . 1),', (44)

= R, is rainfall erosivity (units: MJ - mm(ha - hr)~"),
= K; is soil erodibility (units: ton - ha - hr(MJ - ha - mm)™"),
= LS, is a slope length-gradient factor (unitless)

= () is a crop-management factor (unitless)

= and P, is a support practice factor (Renard et al., 1997). (cf. also in (Bhattarai and Dutta, 2006)). (unitless)



How the SDR model works:

’?:\\\* Erosivity (R)

Conservation

/ Factor (P)

A\ Soil Erodlblllty (K)
L R L (S Downslope path

(retention)

USLE = Upslope area
Crop factor (C) RxKxLSxCxP | (transpor)

Pixel of
interest
(USLE)

L)
\Sediment exported
to the stream



How the SDR model wor

Rainfall erosivity Elevation
' 4349 MJ- mm- (ha: h- yr)-1 s 3121 meters
3175 = 1638

[ Agroforestry [7] Grass
I Coffee M Tea
I Forest [ Unpaved road

[ Forest plantation 1l Urban
["] General agriculture [l Water

Soil erodibility
I 0.145tons' ha- h' (ha- MJ- mm)-1

0.093




How the SDR model works:

6172 tons/year
USLE: Soil loss from each pixel, with l
units of tons/pixel/year.

0

Sediment export: The amount
of eroded soil that actually makes it to
the stream, with units of

' 367 tons/year

Sediment export

tons/pixel/year. 0
Sediment deposition: Amount of DepOSItlon 2
eroded soil that is deposited on the et VS <7 /,ﬂ 19194 tons/year
u L landscape, showing where vegetation pl DS o e e »(,\\ t" P4 '
Sediment deposition IO\ SN
streams, with units of tons/pixel/year. ‘ L . o e, 08 0
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INVEST SDR - data input requirements:

—_—

Sediment Delivery Ratio (SDR) Model

~To0LOoNOTORLON -

DEM (raster)

Rainfall erositivity index (raster)
Soil erodibility (raster)
Land-use / land-cover (raster)
Watersheds (vector)
Biophysical table (CSV)
Threshold Flow Accumulation
Drainages (raster - optional)
Borselli K parameter

Borselli ICO parameter
Max SDR Value

Workspace {nicholasmetherall/Documents/sdr_ workspace

Results suffix (optional)

Digital Elevation Model (Raster)

Rainfall Erosivity Index (R) (Raster)

Soil Erodibility (Raster)

Land-Use/Land-Cover (Raster)

Watersheds (Vector)

Biophysical Table (CSV)

Threshold Flow Accumulation

Drainages (Raster) (Optional)

Borselli k Parameter

Borselli ICO Parameter

Max SDR Value

O



Model - data inputs

SDR guidelines: http://releases.naturalcapitalproject.org/invest-userguide/latest/sdr.himl

MODEL INPUTS Slides: https://docs.qoogle.com/presentation/d/1alZm7C7mAeCwizShkJzB67UzZ CfJHGwWIrNuknWXv6Ss/editislide=id.gae1f0f23af 0 22
Symbol Parameter Unit measurement Sources
Ri rainfall erosivity (units: MJ-mm(ha-hr)-1)
usle, = R,-K,-LS,-C,; - P.
i = Ri- K, . i B Ki soll erodibility (units: ton-ha-hr(MJ-ha-mm)-1),
LSi slope length-gradient factor (unitless)
Ci crop-management factor (unitless)

Pi support practice factor (unitless) (Renard et al., 1997). (cf. also in (Bhattarai and Dutta, 2006)).



Model - data inputs

Format Symbol Source Resolution Link (global dataset)

usl(:' = R:’ . K: . LS, -Cj - R 1. https://developers.google.com/earth-engine/datase

2. https://asterweb.jpl.nasa.gov/gdem.asp
3._http://dwtkns.com/srtm/

Digital Elevation Model geotiff raster DEM Google Earth Engine SRTM 30m x 30m 4_https://search.earthdata.nasa.govisearch/

1. https://esdac.jrc.ec.europa.eu/content/global-rainfa

Rainfall erositivity index geotiff raster R Global Rainfall Erosivity 2. https:/lesdac.irc.ec.europa.eu/content/global-rainfa
1. Soil and Terrain Database (SOTER) 1. hitps://data.isric.org:443/geonetwork/srv/eng/catalc

Soil erodibility geotiff raster K 2. FAO Dataset 2. hitps://webarchive.iiasa.ac.at/Research/LUC/Exter

1. https:/lipdaac.usqgs.gov/products/med12g1v006/

1. NASA MODIS multiyear dataset 2. http://'www.esa-landcover-cci.org/

Land-use / land-use cover geotiff raster LULUC 2. ESA dataset (2000, 2005, 2010) 3. https:/ipdaacsve.cr.usgs.gov/appeears/task/area
1. ArcHydro
2. QGIS Hydro tools

Watersheds vector 3. INVEST - Delineatit

Biophysical table csv table

Threshold Flow Accumulation coefficient value 1000

Drainages geotiff raster

Borselli K parameter coefficient value kb 2

Borselli ICO parameter coefficient value  1C0 0.5

Max SDR Value coefficient value 0.8



Layers

Map data ©202°

Search places and datasets

Dataset Availability
2000-02-11T00:00:00 - 2000-02|
Dataset Provider
NASA/CGIAR
Earth Engine Snippet

ee.Image("CGIAR/SRTM90_V4"

cloud and cloud-shadow pixels

em ..Aw....m.,,..,»g...g..,@

Use print(...) to write to
this console.

Remote sensing
data inputs (DEM)

« Solomon Islands -
Guadalcanal

- Landsat satellite imagery
Java scripting in Earth Engine

 Land mask

 DEM - SRTM dataset
(30m x 30m)

« Slope, Hill shade, Colour
gradient

* Geotiff raster format
« GDEM available from NASA

Jet Propulsion Laboratory + View the NASA Portal
California Institute of Technology

ASTER Global Digital Elevation Map Announcement




Remote sensing data inputs - erosivity
Global Erosivity

Data - Maps

The data are also accessible in: Global A-factor

https://esdac.ijrc.ec.europa.eu/themes/globa
I-rainfall-erosivity

https://esdac.jrc.ec.europa.eu/content/globa
I-rainfall-erosivity#tabs-0-description=0

Global Rainfall Erosivi

Rainfall erosivity dataset (2017) is one of the input layers w _
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Land use and landcover (LULC)

{.Y',-\) GLOBELAND30
I
Q Typical area

> Water [12] +

> Wetland [4] + A
> Arificial [3] + )
> Tundra [1] + Y
> Ice [4] + &
> Grass [5] + \\’(
> Bareland [4] + ‘
> Cropland [4] + W
> shrub [4] + A
> Forest [4] + O

)

Home

Data

Toolbox

About

Login | Register  fRjff L

lon:-122.60875, lat:2.36406

LULC classification
(supervised)




Model - data inputs - erodibility

Choiseul

Incomplete datasets
do not cover all
areas in Solomon
HERLE

In image format
rather than in
shapefile raster /
vector format
Requires many
hours to digitize
Then additional

work to pre-process
and group soil
classes data




Alternative source — solil grids dataset

Released in May 2020 - Still requires additional
relatively new dataset processing / grouping work




Working with existing dataset (QGIS)

Reprojection (warp) from EPSG: 4326 to EPSG: 32670 — WGS 84 / UTM zone 60S

Layer name Viti_EPSG32760|

Set source coordinate reference system




Working with existing dataset (QGIS)

Contacted Ministry of Lands
to seek soil and land use data

Reprojecting soil files - don’t use QGIS - use ArcGIS

Geoprocessing + 2 X

€ Project @®

Parameters Lnvironments 7
et o Feature Class

ale System

14 Wik Mercator_Au -‘ [+
' WGS 1094 web
* mercator

; Centimeters -
IR EY 1768987 nz
B tand capability vitkews T8 vitikwu lue [T vitilewu e X -
Field: GEAdd M alodate  Selection: T Switch —

4. FID | Shape  AREA PERIMETER  VITISOIL. VITISOIL | SERIEST DOMSSERT SLOPE! SLOPE3  NEWSERIES SOIL SLOPE

0 Polygon 1667771 10842.88 2 11 17 F 198 196F .

Polygon 34839.83 743,409 4 3T 17 F 198 198F ® Project completed. ~

3 Polygon 146713 6353519 5 4 2 2 A LRL) v Vew Open History
B3 0of 14744 selected Mers - — + 100% - | Cotolog Modify.. Geopr..  Symbo

14,473 vector shapefile features - each with data:

Area

Perimeter
Soil-type
Texture

Aeration
Drainage

pH

Slope

Soil group name

GIS attribute table

Field: Bl Colculate | Selection: 5 Switch
a Shape AREA PERIMETER  VITISOIL_  VITISOIL_I
14743 Polygon 23578.77 8166111 14745 15109
I 14742 Polygon 30578.64 9234788 14744 15108
1 41 Polygon 2723417 8649823 14743 15107
14740 Polygon 2758261 683.6816 14742 15106
14739 Polygon 3262323 2673489 1 15105
14738 Polygon 4233069 2852427 14740 15104
14737 Polygon 4513234 4023.558 14739 15103
14736 Polygon 83277.53 1236.763 14738 15102
14735 Polygon 3932927 1169.398 14737 15100
14734 Polygon 1704573 4515554 14736 15098
14733 Polygon 3321153 7383934 14735 15096
14732 Polygon 6593886 1262463 14734 15095
14731 Polygon 2347758 693.4404 14733 15099
14730 Polygon 30205.39 680.1248 14732 15097
14729 Polygon 32785.13 853.5484 1471 15093
14728 Polygon 79440.75 2104309 14730 15101
14727 Pol ygon 46089.16 1083.28 15091
14726 Polygon 237052.1 3122.174 14728 15092
14725 Polygon 2291895 662 14727 15090

SERIEST

39b

60b
60b
S4h
e
658

71b

39b

68a

DOMSSERT

39

SIOPET
A

[~}

>>» > >» >>» > > > >» > »

NEWSERIES

g a

Vitiid_2
14744
14743




Working with existing dataset (QGIS)

Polygon vector

Soil maps with K-factor S
values of erodibility




Example outputs

Example inputs

(87 Sediment Delivery Ratio Model (SDR): loaded from autosave - m] X
File Edit Development Help Rainfall erosivity
Elevation -
InVEST version 3.8.0 | Model documentation | Report an issue 3929 l 4349 MJ- mm- (ha- h- yr)-1
—_ meters
3175
v Workspace |C:/NCP101/SDR_output ‘ [D = 16
+  Results suffix (opti Gura o ) §
+  Digital Elevation Model (Raster) |C:/NCPlOl/NCPlOl_SDR_sample_data/SDR_input_Gura/DEM _gura.tif ‘ l O e 4
+  Rainfall Erosivity Index (R) (Raster) |C:/NCPIOI/NCPIOI_SDR_sampIe_data/SDR_inpm_Gura/erosivity_gura.tlf ‘ l O e
+  Soil Erodibility (Raster) [C:/NCPlOlINCPlOl_SDR_sample_datalSDR_input_Gura/erodlbility_gura.nf } ID [i ] Watershed
«  Land-Use/Land-Cover (Raster) IC:/NCPlol/NCPlol_SDR_sample_datn/SDR_input_Gura/LULC -_gura.tif ] IQ i)
I Agroforestry I Grass . - Soil erodibility
'  Watersheds (Vector) IC:/NCPl01/NCP101_SDR_sample_datalSDR_input_Guralsubwatersheds_gura.ﬂp ] \Q o Landuse M Coffee B Tea o . - : A 0.145tons ha h- (ha- MJ- mm)-1
R W Forest I Unpaved road : ' I
+  Biophysical Table (CSV) |C:/NCPlOl/NCPlo1_SDR_sample_da!a/SDR_input_Gura/mVESl’ _lulc_biophysical_table_gura.csv ‘ \Q o I Forest plantation [l Urban .
[ General agriculture [l Water
0.003
v Threshold Flow A [1000 ] o
)
+  Drainages (Raster) (Optional) I ‘ ID (i)
v Borselli k Parameter [2 | o
v Borselli ICO Parameter os ] o
v Max SR Value 0.8 | o

®
g



Workflow (time — resourcing)

1. Background reading (10%)

2. Collating model input datasets — 6.0Presentations
researching different databases, (5%)
Earth Engine scripting (30%)

3. Processing datasets / digitizing
/ joining attribute tables /

reprojecting converting to rasters
(30%)

5. Report write-up
(5%)

4. Trialing + troubleshooting, seeking
feedback and revising (20%)
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