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2. What is InVEST?

InVEST is a framework of « open source » models for mapping and
valuing ES

Integrates multiple ES

Spatially explicit (GIS)

Decision support scenarios
Economic and biophyisic valuation

Developed by Natural Capital Project
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2. What

Version 2.4.4
Regular updates

Analyst

mode
QGIS, gvSIG...

Open source with Python
Also works in stand-alone

ArcGIS ArcView with Spatial

InVEST?

Q) Finfish - ArcMap - Arcinfo T T

File Edit View Bookmarks Insert

B x| o | db-| 13000
- L]

3D Analyst | Layer. F& npv_usd_

3 x

Selection  Geoproces

Table Of Contents
288
Z Layers
Value
5097
6,006
6935
7,586
939
9642
EI10,115
10,793
11,842
12611
112648
12794
1331
14,165
15,535
15,887
16,185
16,655
16916
. 20,082
20,364
global_polygen
[}
0O Finfish_Harvest
| O Finfish_Netpens
f O hrwght_kg

Arc

5]

& FinfishAgquaculture.py - CAInVEST_2_4_&\python\FinfishAquaculture.py

File Edit Format Run Options Windows Help
# 08/17,
# import modules
3 ort sys, string, o=, datetime, shlex
ort arcgisscripting
math 1 *

% create the geoprocessor obhiect
gp = arcgisscripting.create()

# zet output handling
gp.COverwriteCutput = 1

# check out any necessary licenses
gp.CheckCutExtension ("management™)

# error messages
msghrguments
msgFarmOp

msgGrowthSim =
m=sgPopTakbles
meglumPyHNo =

GIS

modules

numpy

gp.AddError (msglumPyHao)
. e Exception

win3Z2com.client in = Dispatch

v i@ ArcToolbox | (3] Catalog|

" uantum 65 180-Lsbon = s
[[10e et view o e o e fae owsenie e
a i £ @2 v for e @
i |
" Q
m o
g ® |
o @ |
7| = |
s
prrpeptiety o |
=[] Finish Hetpens L4 |
- |
° & a
 Pp——
| B cominute Sone ~ | R oL

4

InVEST 244
. Freshwater
Marine
Finfish Aquaculture
Marine Water Quality

Overlap Analysis
Wave Energy Biophysical

g Wave Energy Valuation
. Terrestrial

Précédent

m

Overlap Analysis (Management Zones)

‘, Pythonmn EIEE
- Wave Energy Valuation File Edit View Tools Window Help
D@ 42 ool R2ld RS & 7
‘, Interactive Window
. PythonWin 2.6.5 (r265:79096, Mar 19 2010, 21:48:26) [MSC v.1500 32 bit (Intel)] on win32.
o Wiaiepacs Gl | Portions Copyright 1994-2008 Mark Hammond - see 'Help/About PythonWin' for further copyrigh
>>>
Land and Grid Points Table [of £ FinfishAquaculture =1 E=R
yearCountList = [] # calendar year er IS
Machine Economic Table C: yearHarvestList = [] # vesar thst lanting occur:

@ Wave Data Shapefile

Number Of Machines

Global Digital Elevation Model (DEM) C:

= for farm in range (J,len(FarmNum)) :
bottom = &
= while x25heet.Cells (bottom,
bottom += 1

E startDavList.append(bottom)

tempCountlist.append (1) |
25 farmHarvList.append (
stopFallowList . append
HarvCountList.append (0)

1) .Value <> FarmSpe

Parameters reset to defaults.

numHarvDaysList.append(2) # starts at "Z" bece
outplantDayList.append (bottom-5)
yearCountList.append (1)
yearHarvestList.append(1) -
< b
Ready NUM 00001 |001




2. What is INVEST?

* Software
* Forum
* Mailing list:
5 InVEST 2.4.4 User's Guide:
Integrated Valuation of Environmental Services and
Tradeoffs

eloped by the Natural Capztalx&;ojcct
vironmental decision-making
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3. Available models

INVEST

Simple Complex

Tier 0 Tier 1 Tier 2 Tier 3
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15 models: freshwater, marine and terrestrial

AESTHETIC QUALITY ;

Maps the visibility of features on a seascape or landscape E% InVEST 244
BIODIVERSITY L

Characterizes habitat quality and quantifies relative habitat : & Freshwater
loss ES Marine
CARBON Eg Terrestrial

Quantifies and values carbon storage and sequestration in

terrestrial ecosystems o _‘5" InVEST 2.0 tools now available in Windows S

COASTAL PROTECTION

Quantifies and values the benefits of nearshore habitats for MARINE WATER QUALITY

coastal protection Models concentration of pollutants at sea

COASTAL VULNERABILITY OVERLAP ANALYSIS

Assesses the relative risk to coastal areas from storms Identifies areas of potential conflict between various human
CROP POLLINATION uses

Quantifies and values the contribution of wild pollinators to RESERVOIR HYDROPOWER PRODUCTION

agricultural production Quantifies the amount and value of hydropower produced by a
HABITAT RISK ASSESSMENT reservoir

Evaluates the risk to marine or terrestrial habitats from SEDIMENT RETENTION

anthropogenic factors Quantifies soil loss and retention and values the avoided cost of
MANAGED TIMBER PRODUCTION water treatment or dredging

Values timber harvest WATER PURIFICATION

MARINE FISH AQUACULTURE Quantifies nutrient retention, and values the avoided cost of
Estimates the harvest weight and value of farmed salmon water treatment

WAVE ENERGY
Models and values harvested energy from wave power facilities
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Input Data Models Model Output

reflect scenarios ecosystem services & values

Production functions

! Avoided
damages

Net present
Value (NPV)

PR — . of fish &
Ry shellfish

Values of
recreation

activities

i



http://www.chesapeakebay.net/channel_files/17821/cameo_invest_git_presentation_2.pdf

4.Description of models:

4.1 Marine Fish Acquac

provisioning

Workspace

Finfish Farm Location

erl) ..

INVEST Version 2.4l| Model documentation | Send teedback

C:\INVEST_2_4 4\Aquaculture

CINWFST_?_4_a\Anuaculhure\TnpotFinfish_Netpens.shp

—p Farm Identifier Mame [FarmID
Step Data requirements Process Output e e ) o058
Fish Growth Parameter (b) 0.6667 ©
farm operations (number of fish, feed,
s H Daily Water Te ture at Farm Tabl :
target harvest weight, weight at - aily Water Temperature at Farm Table C:\INVEST_2_4_4\Aquaculture\InputiTemp_Daily. csv @
outplanting, date of outplanting, i bi 5 of fish
i - - Farm Operations Tabl :

Service fallowing practices) ot meRuems p= e || oeE s pe e rm Operations Table C:\INVEST_2_4_4\Aquaculture\Input\Farm_Operations.csv @
farm locations . Outplant Date Buffer 3 @
temperature
operating_costs Calculates present o et Run Valuation? (optional) ©

Optional Value market price Va'“f of fish produced (g 04 ced par farm ®©
revenues per farm Markst Price per Kilogram of Processed Fish 2,25 2
Fraction of Price that Accounts to Costs 0.3 @
quanturrais 150-i5os T - — i Dally Market Discount Rate 0.000182 (2]
Fichier Editer Vue Couche Préférences Extension Vecteur Raster Base de donnée Aide
aHd s RRPPPPOUR Z7EACK0Pad ~ » P 0 e @
Couches
= @) Finfish_Netpens ° Q Parameters reset to defaults.
o —
General ions Parameters [applies to all farms) Instructions:
o Fraction offfish remaing after processing B5% When necessary, modify values for farm
 Atiribute table - Finfish_Netpens i 1 / 22 featurels) selected (=] 5 ¢ o Natural mortality rate on the farm [daily)  0,000137 operations and/or add new farms (beginning
FarmiD AREASQM | AREA_HECT = o Duration of simulaticn [years) [ with row "32"}. Do not, howewer, modify the
0 19 265137 3.26538e-05
1] a 286964 3531005 - location of cells in this template.
2| 18 895941 0.000110365
3] iy} 04663 36299705 IS e o v
4_ 20 480992 5.02664e-05 @
5 | 16 348399 4.20471e-05 P ry
— i e <@ Farm-5, ific Operations Parameters
7| 8 119457 14748105 = "
weightof targetweight Length of
[ I 2 1 2277 = et .
B 9 n767| 26821905 fish at start offish at number of fish  start day for Fallowing
10| 10 536558 6.62612e-05 u] - . -
B 1 116435 143618605 o Farm #: (k) harvest (kg) infarm Erowing period
F 1 280009 3.45038e-05 1 ﬂ DE 5 q_n sm m m n
13 12 302198 373555¢-05 * *
m 5 8o5631| 0000110701 ° A 2 0,06 5,40 500 000 &0 o
Frl r W60 7IRIe0s & e
o
(@] [@] (2] (3] [ 2] crercerpour dans -
Afficher sélection Ne rechercher que dans |a sélection % Sensible ala casse Recherche avancée ? Fermer

X Contréle
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Instruction.
1. Ensure that the below numbers in row 5 {highlighted in yellow] correspand to integer values underneath the user-specified “Farm Identifier Name® in the Finfish Farm Location GIS shapefile (model

input #2). The below numbers must be unique, consecutive, positive integers, starting with avalue of 1 in cell "C,5".

2. When necessary, modify daily temperature values for each farm and/or add new farms [beginning with column "

Day # Day/Manth 1

1| Dljanv| 8447
2| 02janv| 2408
3| 03janv] 8386

z
8,447
2,408
8,366

3
8,547
2,508
8,866

4
8,645
g,600
8,551

5
5,082
5,035
8,589

3 7 8

5,014 | 8311 g311
8570 | 3278 8278
8527 | 38242 g242

"). Do not, however, modify the location of cells in this template.

Farm #
5 10 11 12 12 14 15 16 17 18
8311 | 8373 | 5514 8514 | 5514 8514 | 8373 8373 | 5373 5447
2,276 | 5,341 | E,470 5,470 E470 5470 | E341 5,341 §341 2,406
8,242 | 38304 | 8427 8427 §427 8427 | §304 5304 5304 5366



4.Description of models:provi
4.1 Marine Fish Acquaculture (Tier 1)

Weight W, at time ¢ (dav), in vear y, and on farm [ 1s modeled as:

Wegr = (aWiy ,r Do) + Weirus
v PrOdUCtion and Valuation funCtionS: The total weight of processed fish T FPW on farm f in harvest cycle o
TPWie= Wy ny-d- ﬂ_re-,\-f-(e,,_e.:.)

NPVi,.=TPW;.[p(l-—C) ——
7, felpl ] T

# Quantum GIS 18.0-Lisboa —— e w

Fichier Editer Vue Couche Préférences Extension \Vecteur Raster Base de donnée Aide

T EEALE RRPPRROUR Z2EACF0 FAD o »[@ B> U for @

Couches

D% @ Finfish_Harvest g
[ 3467.9226 - 50772662
5077.2662 - 6686.6098
66565095 - 3295.9534 o
[ 2959534 -9205.2970
\E‘ - [ 99052570 - 11514 6306
2 | §§ Finfish_Netpens

Exécution de Finfish Aquaculture. .. -g *
&
| ! [Cccoesis | - o

bl

Finfish Aquaculture

[“|Fermer cette boite de dialogue lorsque exécution est terminée Attribute table - Finfish_Harvest :: 1/ 22 feature(s) selected [EBIE)
A AREA_SQM AREA_HECT Tot_Cycles =
Humber of farms: 22 2 & I < !
119457 14748105 2 £366934.67334112 111286249737915 *
Conducting growth simulation for 5 895941 0.000110365 2 £220826.89445755 10940,6041827108 IS
vears. .. ‘ﬂ 348399 4.20471e-05 2 £116499.59508499 10859.5262724893
3 277843 343608e-05 2 7977986.33703198 10664.2119106312
iz 727473 899784205 2 7821098 10566394 10490 3145213251
295631 0000110701 2 7743267 84198673 10479.771098673
212401 26227705 2 7245592.91299643 9637.15977111837 1]
116435 14381805 2 6497729.35956627 £712.50946966882
280009 34503805 2 6417075.96674312 8577.73566724681 |— 4
381619 47181305 2 6333350.26448118 4987201457214
480992 592664e-05 2 5085134 71016777 8016.21607570519 a &
217197 268219e-05 2 5520451.74323538 7342,50792085209 & 4
442666 54813905 2 5197690.75281935 6935.84512177212 4
462576 5727506 2 5197690.75281935 6035.84512177212 |~
A M ' ' R ‘ o | 547160 6.771A1e-05 2 1109418.10904958 851.86480832777 LT
X Contréle de l'ordre de @ E] E] chercher pour dans -
m 1 entité sélectionnée dal 439631 |[cnete |[1:242852 | =]|[§][a¢ Renau || s

CENTRE DE DROIT ET D'ECONOMIE DE LA MER



4.Description of models

4.2 Aesthetic quality (Ti

Step Data requirements Process Output

es of i i
(location of natural desired features &
development/infrastructure)

attributes of shoreline environment
(location of natural desired features &
development/infrastructure)

bathymetry
topography

calculates points from
which natral/desired or
infrastructure can be
observed

Required Supply

Optional

+  AQUawEM_points

[ |BC_parks
claybark_dem

Value
- High : 2034

Low .-2002

0 30
L L

Al Ay

CENTRE DE DROIT ET D'ECONOMIE DE LA MER

- cultural—"

37 Aesthetic Quality

Lo |

- -

Cell Size (meters) (facultatif)

EY=]

500
Point Features Impacting Aesthetic Quality

I AquaWEM_paints
Digital Elevation Model (DEM)

= &

I claybark_dem
Refractivity Coefficient

= g

0.13
Global Population Raster (facultatif)

Polygon Features for Overlap Analysis (facultatif)

| CAINVEST_2_4_4'\Base_Data\Marine\Population\glebal_pep

= &

I BC_parks

Bi=

CK ] [ Annuler ] [Environnernents] [&Fﬁd"ler laide ==

vshed_qual
VIS_QUAL

- High Visual Impact
I Lov visual impact

\.
N
N,
N,
N
\'
N,

N\,
- Medium-High Visual Impact %

l:l No Visual Impact
vp_overlap
AreaVShed

l:l No Overlap

[ 11-25% overiap
[ 26 - 50% overiap
Bl 5 - 75% overiap
I 75 - 100% Overlap

0
L

30

N,

Population Statistics

Number of Features Visible

Population (estimate)

None visible

. {(unaffected) 7121
~
~
1 or more

visible 1359

~ ;

RS Is

\_\ , i
60 Km ~/ )




4.Description of modeils: cultural
4.3 Overlap analysis (Tier 0)

Step Data requirements Process Output

location of natural desired features f

= a Importance Score (1S)
mammal haul outs, kelp for SCUBA,

beaches, atc.) maps lacations of

Supply : . ; :
location and quality of environmental ~ eeTEation acivities
conditions affecting recreation V_alue
(e.g., wave energy for beach enjoyment —~ r
or wildlife viewing) I .b:' == IL':' a Ia
location of infrastructure in support of 404
recreation activities (e.g., campgrounds, i _i'
boat launches, etc.)
distance between access points and olates index ot indzx of rﬁﬁﬁnp_

- activities calculates index importance by activity
Service recreation importance  and weighted overall
- _ - index
visitation rates for each location, activity
[l Overlap Analysis Management Zane Model: Fisheries and Recreation = | B |
InVEST Version 2.4.4 | Madel documentation | Send feedback
Workspace C:\INVEST_2_4_4\OverlapAnalysis

Analysis Zones Layer

Overlap Analysis Data Directory  C:\InVEST_2_4_4\QverlapAnalysis\Input'FisheriesLayers_RI

C:\INVEST_2_4_4\OverlapAnalysis\inputiManagementZones_WCVLshp

AML

Parameters have been loaded from the most recent run of this model. Reset to defaults

CENTRE DE DROITET

mz_frequency
ACTIV_CNT
[ 0.000000
[ 0.000001 - 1.000000
I 000001 - 2.000000
I 2000001 - 3.000000
[ | Beaches_Rec_1
]:l Scuba_Rec_2
[ ] Fishing_Rec_3

* Surfspot_Rec_4

¢ WildlifeSights_Rec_5



4.Description of modeils: cultural
4.3 Overlap analy:

= | o) |

INVEST Version 2.4.4 | Model documentation | Send feedbadk

Workspace C:MnVEST_2_4_#\OverlapAnalysis
Analysis Zones Layer C:MINVEST_2_4_#\OverlapAnalysis\Input\A0I_WCVI.shp
Analysis Cell Size (meters) 1000 @

Overlap Analysis Data Directory  C:\InWEST_2_4_4\OverlapAnalysis\Input'FisheriesLayers_RI @
Intra-Activity Weighting? @
Intra-Activity Attribute Name RI @
Inter-Activity Weighting? 2]
Inter-Activity Weight Table C:MInVEST_2_4_4#\Overlapanalysis\Input\Fisheries_Inputs.csv @
Human Use Hubs? @
Points Layer of Human Use Hubs  C:\INVEST_2_4_4\OverlapAnalysis\Input'PopulatedPlaces_WCVI.shp @
Distance Decay Rate 0.0001 @

Parameters have been loaded from the most recent run of this model. Reset to defaults

T ) (Ron )

B PopulatedPlaces_WCVI

AOI_WCVI
\:] CommSalmonTroll_Fish
/7> commshrimp_Fish

CommGF_Fish
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4.Description of models: culttira
4.3 Overlap analysis (Tier O

Salmon Troll Intra-activity weight

Importance Score (IS) with intra
and inter activity weight:

I-g«_i_ = — E [-‘-j_jj.rj Y
T = [ |
;7
|
‘ ’ B PopulatedPlaces_WCVI
- v - AOI_WCV\
jigtie o Comm SalmonTroll_Fish
H-E- B RI
I P : h CommSalmonTroll_Fish [ Jo
- FID Shape * Rl { Shape_| 1
nter aCtIVIty Welg t 15 | Polygone ZM 3 73093.1’ -

A B | 16 | Polygone ZW | 3| 444089 -

84 | Polygone ZM 3| 889575 |:| 3
1 |LIST OF HUMAN USES OPTIONAL: 15 [ Pobgone 2 |5 514755
- e 12 |Polygone ZM | 2| 16087
2 1CommGF Fish 2 33 [Polygone ZM | 2| 368335
- . 85 | Polygone ZM 2| 182428
3 CDFI"IFI"ISE|FI"IDFITFD||_FIS|"I 1.5 122 [Polygone ZW | 2| 230752
H H 135 | Polygone ZM 2 20028.
4 CDmmShan FISh 1'5 162 | Polygone £M 2| 234380
0 |PolygoneZW | 1| 373125
1 | Polygone ZM 1| 444528
M R = 2 | 2 |Polygone ZM | 1| 37876.0
A U E E g - B 3 | Polygone ZM 1| 146488
ey £ HTC R

CENTRE DE DROIT ET DECONOMIE DE LA MER QI Aoy | i




4.Description of models: culttrra‘l/
4.3 Overlap analysis (Tier 0)

Distance decay function: exp(—3*d)

1.0 — T
0.8 8
B PopulatedPlaces_WCVI

0.6 8 —

[ aoi_wew

hu_impscore.tif

Valeur

Elevée - 0439273
0.4 8
- Faible -9 909712-005

0.2 F 4
0'00 5 10 15 20 25

Distance (km)

B PopulatedPlaces WCVI

ACI_WCVI
hu_freq.tif
Valeur
. Elevée -3
AMURE & |
o - Faible -1
m =

CENTRE DE DROIT ET D'ECONOMIE DE LA MER




4.Description of models: supmftﬁ
4.4 Habitat Risk Assessment (Tier O

= - — - — O - - - — O —— — — —  — - ——
-
-

Facteurs de stress Habitats

| Finfishaquacuiturecomm_1 [ | kelp_1

‘2515 shelffishAquacultureComm_2 I:l eelgrass_2

m CommSalmonTroll_3 - hardbottom_3
RecFishing_4 || softbottom_a




4.Description of models: supporting
4.4 Habitat Risk Assessment (TierTO)

- . E= S
Step 1. Likelihood of exposure of the habitat to the stressor Sins 7
and the consequence
of this exposure <
>in1 T
C= TN : El_
Lii=1 T,
Step 2. Risk value for each stressor- J
habitat combination i Ri=) Ry
i=1

Step 3. Cumulative risk of all stressors on the

Rij = V(E—1)2+(C - 1)?
habitats

A

AMURE i [




4.Description of models: supporting
4.4 Habitat Risk Assessment (Tier O)

A % HIGH RISK
&' 3 Habitat Risk Assessment | = | B [t prepar y

Workspace
CNVEST_2_ 4 4'\HabitatRiskAssess

Gridded Seascape (GS) Output Layer
| gs_1000 |
Habitat Data Directory
CNVEST _2_ 4 4\HabitatRiskAssess\Input\Habitatlayers
Stressor Data Directory
CMNVEST 24 A\HabitatRiskAssess\Input'\StressorLayers

Habitat-Stressor Ratings CSY Table

Consequence

LOW RISK

C:\INVEST_2_4_4\HabitatRiskAssess\Input\CompletedSurvey _WCVI.csv low L "
[¥] Create HTML Output with Risk Plots? frequires Matplotib1.0 extension) facultatif) low Exposure high
- . i i
[¥] Generate Habitat Maps of Risk Hotspots? facultatif) E;J .... =
0K l [ Annuler ] [En'u'irunnements] [.ﬁ.fﬁmerl'aide 3 i H
e - ‘
: : A S

AMURE : [ & -
h—ﬂ £ ~ :
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4.Description of models: supporting
4.4 Habitat Risk Assessment (Tier O)

Habitat ID  Habitat Name Habitat DQ | Maortality Mortality DQ Recruitment  Recruitment [ Connectivity | Connectivity [ Regeneration Regeneration DQ

0 kelp 1 1 0 2 0 2 0 1 0

1 eelgrass 1 1 0 1 0 1 0 1 0

2 hard bottom 2 0 0 0 0 0 0 3 0

3 soft bottom 2 0 0 0 0 0 0 1 0

4

Stressor ID | Stressor Nam Stressor DQ  Intensity Intensity DQ Management Managment [ Buffer

0|Finfish Aguac 1 3 0 3 0 300

1/Shellfish Agu 1 2 0 2 0 250

2|Comm Salme 2 3 0 3 0 150

3 Rec Fishing 2 2 0 2 0 100
16

Habitat ID Habitat Mame Stressor ID | Stressor Mam Area Change Area Change Structure Che Structure CheDisturbance FDisturbance FTemporal Ove Temporal Overlap DQ

0 kelp 0 Finfish Aguac P 1 P 1 P 1 3 1
0 kelp 1/Shellfish Agu 2 1 2 1 2 1 3 1
0 kelp 2/ Comm Salmc 1 1 1 1 2 1 2 1
0 kelp 3|Rec Fishing 1 1 1 1 2 1 2 1
1/ eelgrass 0 Finfish Aguac 3 1 3 1 2 1 3 1
1/ eelgrass 1/ Shellfish Agu 3 1 3 1 2 1 3 1
1 eelgrass 2|/ Comm Salmc 2 1 2 1 2 1 2 1
1 eelgrass 3/Rec Fishing 2 1 2 1 2 1 2 1
2 hard bottom 0|Finfish Agquac 0 0 1 0 2 0 3 1
2 hard bottom 1/ Shellfish Agqu 0 0 1 0 2 0 3 1
2 hard bottom 2| Comm Salmc 0 0 1 0 2 0 2 1
2 hard bottom 3/Rec Fishing 0 0 1 0 2 0 2 1
3 soft bottom 0|Finfish Aguac 0 0 1 0 2 0 3 1
3| soft bottom 1/ Shellfish Agqu 0 0 1 0 2 0 3 1
3| soft bottom 2| Comm Salmc 0 0 1 0 2 0 2 1
3 soft bottom 3 Rec Fishing 0 0 1 0 2 0 2 1



4.Description of models: supporting

4.4 Habitat Risk Assessment (Tier O)

Habitats

D kelp_1 '.:»

[ ] eeigrass_2 : 2
hardbotom 3 [,
softbottom_4

Stressors
[ FinfishAquacultureComm_1

Ecosystem Risk
o  High: 8.48

I Low: 0.920

D ShellfishAquacultureComm_2 }.

AMURE
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4.Description of models: supporting
4.5 Water quality (Tier 0)

Considers the physical transport and biogeochemical

processes for simulating water state variables (e.g.,
contaminants, pollutants) in response to various management
decisions under consideration by users.

Advection-diffusion model

FO GO _ac A
ET (L _(rE=EyvEEY 4y s=0
(-F_J'.::'2 + Ay ) ( A + Hy) +

Where
« rand y east and north coordinates, respectively
« (' tidal averaged concentration of a water quality state variable

« [T and V" advective velocities (1.e., Eulerian residual current) in = and y directions, respectively

« ET tidal dispersion coefficient

AMURE
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« 5 term to account for sources and sinks of pollutant
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4.Description of models:supportir
4.5 Water quality (Tier 0)

. Marine Water Quality Biophysical = B 24
INVEST Version 2.4.4 | Model documentation | Send feedback
4 Workspace C:\INVEST_2_4_4\MarineWaterQuality @
4 Area of Interest (AQT) !4 4\MarineWaterQualityynputlaol_day_soundwideWq.shp @
4 Land Palygon T_2_4_4'\MarineWaterQualityynput'3005_VI_landPaolygon.shp @
' Output pixel Size in meters 100 @
J/ Grid Cell Depth 1.0 ©
4 Source Point Centroids T_2_4 4\MarineWaterQualityinputifloathomes_centroids. shix @
4 Source Point Loading Table C:\INVEST_2_4_4'\MarineWaterQuality\input\WQM_PAR, csv @
' Decay Coefficient (kb) 0.001 ©
4 Tidal Diffusion Constants (E) 4_4\MarineWaterQuality \inputiTideE_WG51984 BCAlbers.shp @
¢ (Optional) Advection Vectors (UV as point data) _4\MarineWaterQualityinput\ADWuv_WE51934_BCAlbers.shp ©
Parameters reset to defaults.
AMURGE | & rn || & qut |
h—A
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4.Description of models:su

4.5 Water quality (Tier-6} —

@ Floathomes

D AOI (Area of Interest)

Land polygon of Vancouver

Figure 1. A map of Clayoquot Sound, BC, Canada showing a status quo arrangement of floathomes (red dots). The
dotted box indicates Lemmens Inlet, the region of interest for potentially rearranging floathomes and/or exploring the
effects of treating wastes. Background colors indicate tidal dispersion coefficients for the region, a key model input.
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Figure 3. Map of modeled concentration of fecal coliform bacteria in Lemmens Inlet. Red circles indicate treated
wastes. The results are for demonstration purposes only.



4.Description of models:-regulating
4.6 Coastal vulnerability (Tier 0)

_ 2
P_EHT

VI = Rf__r'eomorphr_viogyRHehef RH abitats RSL R R‘rTr"iﬂ dFExposure R‘r'Tr"aL'eE'.rpusure Rﬁ'm‘ge
County o

EJ] = \/Rf__:'eamm'phaiogyRHﬂbimtsR‘;Fave.E':rp::asu‘r‘e
- 3

.

) N . 0.572
H = H, |tanh (0.343d4 1) tanh (22102000 |

tanh(0.34341 14

16
- 0.187
_ T _ 01 4, 2.77.10— 7 145 Al [ Al
| T =T% [tanh (0.1d%01) tanh (270200002 ) El, RZPM
16 =1
: N : " T -
Ryan = JS—GSJ 15{1}1‘%;‘-({5 _Rk}jz 4+ (Z(E _Rka _ (I}Li%i{(ﬁ_ RR))Z REI = Z[J?IP‘”FH-
B k=1 - -

16

. o ol H Fj,; — .

AMURE E, = I-IIEI.J{I:E?_N Eu} E; = Z H[Fﬁ;]Pﬁi [ ] {1 if Flt; = 50km
k=1

0 if Fi. < 50km



Rank | Very Low Low Moderate High Very High

Vari- 1 2 3 4 5

able

Geo- Rocky: high Medium clift; Low cliff; glacial drift; Cobble Barrier beach:;

mor- cliffs; fjord; indented coast, alluvial plain, beach: sand beach;

phol- fiard, seawalls bulkheads and small revetments, rip-rap estuary; mud flat; delta

ogy seawalls walls lagoon; bluff

Reliet | <=20th <=4(th Percentile <=060th Percentile <=80th =>80th
Percentile Percentile Percentile

Natu- Coral reef; High dune; marsh Low dune Seagrass; No habitat

ral mangrove: kelp

Habi- coastal forest

fats

Sea Net decrease -1 to +1 Net rise

Level

Change

Wind <=20th <=4(th Percentile <=00th Percentile <=80th =>80th

Expo- | Percentile Percentile Percentile

sure

Wave <=20th <=4(th Percentile <=060th Percentile <=80th =>80th

Expo- | Percentile Percentile Percentile

sure

Surge | <=20th <=40th Percentile <=60th Percentile <=80th >80th

Poten- | Percentile Percentile Percentile

tial

Table 4.1: List of Bio-Geophysical Variables and Ranking System for Coastal Exposure.
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4.Description of models: regulating™
4.6 Coastal vulnerability (Tier O)

& 1Fetch Calculator = B %
Workspace i
C:\InVEST_2_4_ 4\CoastalProtection @]
Land Palygon
| CAINVEST_2 4 4\Base_Data\Marine\Land\global_polygon.shp j @
Land Palyline
C:MnVEST_2_4 4\Base_Data\Marine'Land\global_polyline.shp @
Land Area Filter (kilometers squared) (facultatif)
5
Area of Interest (AOI)
| AOL_BarkClay | @]
Cell Size (meters)
250
Fetch Distance Threshold (meters)
12500

oK l ’ Annuler ] [Enuironnementsl [AFﬁ::her l'aide :=:=]
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1 Fetch Calculator ] E

femee
Fermer
<< Détails

[] Fermer cette boite de dialogue lorsque I'exécution est terminée

Exécution de : FetchCaleculator C:\InVEST_2_4_4\CoastalProtection C: -

\InVEST_2_4_4\Base_Data\Marine\Land\global_polygon.shp C:\InVEST_2_4_4
\Base_Data\Marine\Land\global polyline.shp 5 AOI BarkClay 250 12500
Heure de début : Mon Nov 26 15:35:49 2012

Exécution du script FetchCalculator...
Checking inputs and preparing data...
Calculating fetch distances...

Combining fetch results and determining coastal exposure...
Completed script FetchCalculator...

Légende

fetch_cmb

Valeur
Elevée - 4387

- Faible -1

[ giobal_poiygon




& 2 Vulnerability Index = | B

Workspace

C:\INVEST_2_4_4'\CoastalProtection{CV @]
Fetch Calculator Tool Run Workspace

C:\INVEST_2_4_4\CoastalProtection @]
Population Raster (facultatif)
I CAINVEST_2_4_4\Base_Data\Marine\Population\global_pop ;I @]

1a) WIND-WAVE EXPOSURE: Wave Watch I1I Model Data

IWaveWatch]]I ;I @

1b) WAVE EXPOSURE: Average Depth (meters) within AQI {(MNote: Depth should be < 500 if it is shallow)

2) RELIEF: Digital Elevation Model (DEM)

I claybark_dem ;I @

eros_index
I 0556163488 -
B - 1s1sa079

[ ] 1681035530 -
[ 2234580079
I 2 703007789

1.151546478
1.661035638
2234500978
2703907788
-3.726779938

0 Km

wvuln_index s
I 0252070041 - 1.851518866
[ 1881518867 - 3.727682806
[ ] a727682897 - 6.065777333

[ 6.085777334 - 9.080688581 o {

inund_index
I o 5a+ses0s7
[ o oss 07315
[ 1514130874
[ 2201674113
I s 040700037

0986487316
- 1514130873
2201674112
- 3040100035
4472138021

exp_index
VALUE

-

I 0080688582 - 1597191429

20

A bt

CENTRE DE DROIT ET D'ECONOMIE DE LA MER '

[ 5250000001 - 1,639
[ ] 1632 000001 - 2.436
[ 2436 0000 -3:236
I = 235 000001 - 4,001




5. Case study

Application of marine
InVEST to WCVI
(Guerry et al, 2012)

Problem
Creation of a MSP

Ecosystem services

Food, water quality,
habitat and recreation
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5. Case study

Methods

Interviews with stakeholders

3 management scénarios:
i) Industrial expansion (more shellfish acquaculture, more
floating homes)
ii) Conservation (more usage restrictions)

iii) Baseline

Ifremer

MURGE
AMU
E DROIT ET D'ECONOMIE DELAM




5. Case study

Methods

Production:

e Shellfish acquaculture
Cultural:

e Recreation (kayak and floating homes)
Supporting services

e HRA

e Water quality

AMURE
_w

Ifremer




5. Case study

* Results

=#=(azeline

‘alue of Shellfish
Aguaculture
Harvest

Spatial Extent of

=B-industry Expansion

Habltat Quality

Recreational Kayaking
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=h=Conservation

Humber of
. Recreational
Float Homes

Water Quiality

Baseline

Conservation
.

Industry Expansion

I - I

(c) 0
N

u Float Homes

- Recreational
V77
22 ayaking
L:—-, Increased
= Kayaking
Shellfish
Aquaculture
Geoduck
Harvest
0 Crab Harvest
=757 Eelgrass
Ecosystem Risk
[cumulative risk
to habitats)
1.05
141
1.73
3.40
503
922
Water Quality Index
[relative to the source
concentration of
fecal coliform bacteria)
High WQ
0%
20%
40%
60%
BO%
100%
w WQ




5. Case study

Results
Conservation scenario
e Kayak route increase extension (57%)
e 98.998 USD (+18%) shellfish acquaculture
e Decrease in the number of floating homes (-4)
e Improovement of HRA (-75%)
 Increase of water quality (32%)

Expansion scenario
e Shellfish farms (+5). Increase of 367.726 USD (67%)
e Location of shellfish farms have low impact in WQ
» More floating homes (+5) decrease WQ
e Increase in HRA (18%)

e No impact in kayak activity
AMURE "
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5. Discussion

InVEST is useful for MSP

- Clarifies objectives
- Makes the tradeoffs explicit
- Provides metrics for comparing alternatives

- Facilitates an interactive and iterative engagement
New models are planned

Scenario generator




5. Discussion
IMPORTANT QUESTIONS

What are the relevant
SE? Identify Objectives
Wthh level Of 5 Develop Scenarlos _
complexity is necessary i v
for modelling? g Complle Data J
- v
=
Data? ° Run INVEST
E (create maps In supply, ecosystem service,
T \ and/or value metrics)
("]
Which scenarios? R‘“\;/
Synthesize Results
(e.g., Identify trade-offs/win-wins) J

(Guerry et al 2012)
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« INVEST ins’t a crystal ball that is going to tell us what to
do...but it will help us to compare the options» (Anne Guerry,
2012)

Thanks!
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