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Agenda

* Introduce the theory behind the carbon model

e Use the carbon model as an easy entry-point for running an InVEST
model

* Hands-on exercises with the carbon model and QGIS for visualizing
results.

* Throughout, a bonus goal of this workshop is to give a crash-course in GIS and
visualization of results.



ST Carbon Storage and
Sequestrann model

‘natural
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integrated valuation of
ecosystem services
and tradeoffs




Decision contexts

« How do changes in land use affect
carbon storage and sequestration?
o Carbon markets
o NDCs (Paris Agreement)
o Corporate metrics

« Target payments for conservation

« Look for overlaps with other ecosystem
services (co-benefits)




INVEST Carbon Storage and
Sequestration model

« Carbon stock estimated as a function of land
use/land cover

« Storage indicates the mass of carbon in a
landscape at any given point in time

« Sequestration indicates the change in carbon storage
over time

o Valuation is only applied to sequestration
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Model inputs

Required:

Land use / land cover (LULC) map
Table of the 4 carbon pools

The model simply assigns the values for each
carbon pool to the land-use, land-cover
classes present.

Optional:

Timber harvest land parcels
Future land use map

REDD policy map

Economic data

Carbon pool uncertainty data

LULC class

] Agriculture
I Urban

B Forest

|| Pasture
B Water



Model outputs

Current/future carbon storage

e Carbon sequestration

e Sequestration map for REDD scenario
* Economic value of carbon sequestered

* Uncertainty results

Carbon
storage

I 78.8 MgC

-0



Diving into the software

* Hopefully, everyone here has
already installed all of the required

SOftwa re All  Apps Documents Web  More ¥
* InVEST Best match
e QGIS st InVEST 3.13.0 Workbench InVEST
* If you haven’t, refer back to your = INVEST 3.12.0 Workbench
invitation and the setup instructions L SR
t h e re . 2% InVEST_3.9.0_x64_Setup.exe
° ASS u m i n g yo u h ave i n Sta | | e d it’ In Lr:(\;est_3.11.0_workbench_win32_x64.

open InVEST!

* Find wherever you installed it, or (on
Windows), just press the start button
and type “invest”



This is the

InNVEST menu of
models/tools

A InVEST

Annual Water Yield

Carbon Storage and Sequestration

Coastal Blue Carbon Preprocessor

Coastal Blue Carbon

Coastal Vulnerability

Crop Pollination

Crop Production: Percentile

Crop Production: Regression

Delineatelt

Forest Carbon Edge Effect

GLOBIO

Habitat Quality

Habitat Risk Assessment

Nutrient Delivery Ratio

RouteDEM

Scenario Generator: Proximity Based

Scenic Quality

Seasonal Water Yield

Sediment Delivery Ratio

Urban Cooling

Urban Flood Risk Mitigation

Urban Stormwater Retention

Visitation: Recreation and Tourism

Wave Energy Production

Wind Energy Production




Reminder: Download the sample data from
the Gear icon.

invest-workbench - a >
File Edit View Window About

INVEST Settings

Logging threshold INFO
Taskgraph logging threshold INFO

Taskgraph n_workers parameter Synchronous (-1)

Reset to Defaults

o more info

Download Sample Data

Clear Recent Jobs no invest workspaces will be deleted




' B = | invest_sample_data

Share View

[cisco ~ Mame Type Size
O p e n t h e fo | d e r -conda Annual_Water_Yield 3/15/2023 12:44 PM File folder
.config Base Data 3/15/2023 12:44 PM File folder
h .continuum Carbon 3/15/2023 12:44 PM File folder
W e re yO u docker CoastalBlueCarbon 315/2023 1244 PM File folder
esg CoastalVulnerability 3/15/2023 12:44 PM File folder
d . geutil CropProduction 3/15/2023 12:44 PM File folder
S a Ve I t ._ Delineatelt 3/15/2023 12:44 PM File folder
ipython forest_carbon_edge_effect 3/15/2023 12:44 PM File folder
Jupyter globio 3/15/2023 12:44 PM File folder
keras HabitatCuality 3/15/2023 12:44 PM File folder
.matplotlib HabitatRiskfssess 3/15/2023 12:44 PM File folder
rz-ad MNDR 3/13/2023 12:44 PM File folder
E a C h m O d e | h a S pylint.d peollination 3/15/2023 12:44 PM File folder
recreation 3/15/2023 12:44 PM File folder
. pyxbld ) :
_ RouteDEM 3/15/2023 12:44 PM File folder
a d I re Cto ry_ QtWebEngi scenario_proximity 3/15/2023 12:44 PM File folder
-ssh ScenicQuality 3/15/2023 12:44 PM File folder
vscode SDR 3/15/2023 12:44 PM File folder
O p e n t h e M 30 Objects Seasonal_Water_Yield 31572023 12:44 PM File folder
AppData UrbanCoolingMedel 31572023 12:44 PM File folder
C b F |d 55 Contacts UrbanFloodMitigation 3/15/2023 12:44 PM File folder
a r O n O e r. B Desktop UrbanStormwater 3/15/2023 12:44 PM File folder
- WaveEnergy 315/2023 1244 PM File folder
=| Documents WindEnergy 3/15/2023 12:44 PM File folder

* Downloads
¢ Favorites

» Files v
LI [ re—



| [+] = | Manage Carbon — O

Home Share View Picture Tools
F I n d th e |a n d— € v 4 <« Windows (C:) » Users » jajohns » Files » Research » base_data » invest_sample_data » Carbon v | 0 Search Carbon

s

.cisco el Mame Date modified Type Size
u S e | a n d - -conda carbon_pools_willamette.csv 3/15/2023 12:44 PM SV File 3KE
’ «canfig carbon_willarnette.invs.json 3/15/2023 12:44 PM JS0OM File 1KB
f' | f continuum = lule_current_willamette.tif 3/15/2023 12:44 PM TIF File 5,286 KB
Cove r I e O r docker B lulc_current_willamette tif.aux.xml 3/15/2023 12:44 PM XML File 2 KB
esg || lule_current_willamette tif vat.cpg 3/15/2023 12:44 PM CPG File 1KE
t h e C u r re nt gutil || lule_current_willamette.tif. vat.dbf 3/15/2023 12:44 PM DEF File 17 KB
] E lulc_current_willamette.tif vat. dbfxml 3152023 12:44 PM XML File 2 KB
. . ‘ipythen ] lule_future_willamette.tif 3/15/2023 12:44 PM TIF File 2,646 KB
t | m e p e rl O d Jupyter B lulc_future_willamette tif.aux.xm 3/15/2023 12:44 PM XML File 2KB
keras || lule_future_willamette tif vat.cpg 3/15/2023 1244 PM CPG File 1KB
Jmatplotlib || lule_future_willamette.tif vat.dbf 3152023 12:44 PM DBF File 2 KB
mz-ad =l lulc_redd_willamette.tif 3/15/2023 12:44 PM TIF File 9,808 KB
pylint.d || lule_redd_willamette tif vat.cpg 3/15/2023 12:44 PM CPG File 1KE
N a m e d pyxbld || lule_redd_willamette.tif wvat.dbf 3/15/2023 12:44 PM DEBF File 9 KB

/ CtWebEngi
lulc_current
— — wscode
. L’ J 3D Objects
Wlllamette-tlf AppData
[25 Contacts
I Desktop
|| Documents
“ Downloads
r Favorites

Files W

14items 1 item selected 5.16 ME =



(2} Untitled Project — QGIS _ 0O
]

BefO re We Project Edit View Layer 5Settings Plugins Vector Raster Database Web Mesh Processing Help
;j: I |

N RRY O e e e MLy~ s L0 O ——

use INVEST, Se AR <= @ no

= g o &

Layers ®

et’s take 3
ook at our
nput data.

&

* Open QGIS.

Value Tool Layers

Coordinate | -0.013%, 0.909° | %  scale ;1072900 ~ | (@ Magnifier | 100% 2| Rotation |0.0° +| |V Render @ Epsciazze W




LULC map

* The easiest way to
add data is to just
drag it from your
sample_data folder

into QGIS
* Add the

lulc_current_willamet

te.tif file

U & &2 F
Layers (= ()
o (i ® T # &L

* | B lulc current willamette

B

S5

A=

Home Share

€ - v

cge
anGoogle Drive

Chileaientral |

4a

Microeconomid
presentations

Seasonal_Water_
& Onelrive - Persor

3 This PC
P 530 Objects
B Desktop
%= Documents
‘ Downloads
J! Music
=/ Pictures
B videos
== Windows (C:)
- Coogle Drive (D
m CFARS MV Files o

~

.-'J ".F E —
Manage Carbon
View Picture Tools

~
Mame
results
@ carbon_pools_willamette.csv
carbon_willamette.invs.json
=l lulc_current_willamette.tif
E lulc_current_willamette.tif.aux.oml
|| lulc_current_willamettetif vat.cpg
|| lule_current_willamette tif vat.dbf
E lulc_current_willamette.tif wat.dbf xml
= ule_future_willamette.tif
E lule_future_willamette.tif.aux xml
|| ule_future_willamette tif wat.cpg
|| lule_future_willamette tif vat. dbf
= lule_redd_willamette. tif
|| ulc_redd_willamette.tif vat.cpg
|| lule_redd_willamette.tif vat.dbf

<« Users » jajohns » Files » Research » base data » inw

Date

=
Ln

L

Ln

Ln

Ln Ln L Ln Ln L Ln Lh Ln

Lr



L L BNy Maspnr PP A L O e BT = M
I I la p Layers =@

« @ © T £ i

. () Select Transfermation for lulc_current_willamette =
v :'. lulc current willamette - -

o D e p e n d i n g O n yo u r u ;5 Multiple operations are possible for converting coordinates between these two

Coordinate Reference Systems. Please select the appropriate conversion operation, given
the desired area of use, origins of your data, and any other constraints which may aler the "fit

QGIS setup, it may ask o e o o e ot s -

Sowrce CRS EPSG:26910 - MADSE3 / UTM zone 10N

you about coordinate S

Transformation Accuracy [meters) Area of Use
reference systems e i

2 | Inverse of UTM zone 10N + NADE3 to WGS 84 (41) 1 Workd - N hemisphere - 126°W to 120°W, USA - Oregon and Wash

) This iS aImOSt 3 | Inverse of UTM zone 10N + NADE3S to WES 84 (43) 1 Workd - N hemisphene - 126°W to 120°W, USA - Californiz - north
certainly the most ) ——_— e 50 U5
time-consuming and e o UTH sore 10N + NADSS 01 e e s
annoying part of GIS

1]
]

& | Inverse of UTM zone 10N + NADE3 to WGS 54 (48) 1 Workd - N hemisphene - 126°W to 120°W, USA - Nevads

* So we’re going to ‘ .

Inverse of UTM zone 10N + NADSZ to WGES 84 (1)

L] L] . g
I n O re I t Scope:! Acouracy 2m in each axs, . iy -
® Remarks: Derived at 354 stations, SN i | B e

Area of use: World - N h§mkphae - 126°W to 120°W, Morth Amesica - Canads and USA |l -
Y J t I t t h t {CONUS, Alzska mainland) g L -
ust seiec e 1o : N
Identifiers: INVERSE[EPSG): 16010, EPSGi1188 a_.
L] L]
O n e If th IS h a e n S +proj=pipeline +step +inv +proj=utm +some=10 +ellps=GREE0 +step +proj=unitcomvert +
. +ixy_in—rad +uy_out—deg |
Show superseded transforms v | Allow fallback transforms if prefered operation fails Mzke defaul
oK Cancel Help

Value Tool

Enzble




LULC map

* What is an LULC map?

A numeric value (a
class) in each grid-cell

(pixel)

e Each class
corresponds to some
type of land-use/land-
cover

* Here | have added a
legend to the LULC
map

(&) *Untitled Project — QGIS
Project Edit Wiew Layer Settings Plugins Vector

NEEREY (Lo RBPPRP R Ba tNOR

Raster

Databasze

Web Mesh Processing Help

B@V.Z2wEBEW

L L] i JAN

Layers

o @l e T o -F A0

~ | B lulc current willamette

Band 1 (Gray)

. Residential 0-4 units/acre

. Residential 4-9 units/acre
Residential 9-16 units/acre

. Residential » 16 units/acre

. Commercial

. Commmercial/Industrial

. Industrial

. Urban non-vegetated unknown
Rural structures

. Railroad
Secondary roads

. Light duty roads

. Rural non-vegetated unknown

. Main channel non-vegetated

. Streamn orders 3-7

. Permanent lentic water

. Topographic Shadow

. Urban tree overstory

. Upland Forest open

. Upland Forest Semi-closed mixed

. Forest Closed hardwood

. Forest Closed mixed

. Upland Forest Semi-closed conifer
Conifers 0-20 yrs

. Forest closed conifer 21-40 yrs

. Forest closed conifer 41-60 yrs

. Forest closed conifer 61-80 yrs

. Farest closed conifer 81-200 yrs

. Forest closed conifer older than 200 yrs
Upland Forest 5emi-closed hardwood
Hybrid poplar

. Grass seed rotation

. Irrigated annual crep rotation

. Grains

. Mursery
. Berries & Vineyards

Double cropping

—
Value Tool | Layers |

| Q, Type to locate (Cirl+K)

Coordinate | 479422, 4957542 | %

Scale [1:291163 ~ | @ Magnifier | 100% %| Rotation |0.0° 2| | Render & EPSGi28910




What is a “tif” file? What is an LULC map?

NLCD Land Cover Classification Legend

I 11 Open Water

[ 112 Perennial Ice/ Snow

[ 121 Developed, Open Space
[[7122 Developed, Low Intensity
I 23 Developed, Medium Intensity
I 24 Developed, High Intensity
[777131 Barren Land (Rock/Sand/Clay)
[ 41 Deciduous Forest

I 42 Evergreen Forest

] 43 Mixed Forest

[ 51 Dwarf Scrub*

52 Shrub/Scrub

[ 171 Grassland/Herbaceous

[ 172 Sedge/Herbaceous*

[173 Lichens*

7774 Moss*
[ 181 Pasture/Hay

I 82 Cultivated Crops
[ 190 Woody Wetlands
[ 95 Emergent Herbaceous Wetlands

* Alaska only

A tif file is literally
just a 2-dimensional
array (matrix) of
numbers

* Each number
corresponds to a
type of land-cover



Open the Carbon Storage and Sequestration Model

I invest-workbench - O *
File Edit View Window About

A InVEST e

Set up a model from a sample datastack file (json) or from an INVEST model's logfile

Annual Water Yield Nutrient Delivery Ratio Open
(-bet):

Carbon Storage and Sequestration RouteDEM

Coastal Blue Carbon Preprocessor Scenario Generator: Proximity Based

Coastal Blue Carbon Scenic Quality

Coastal Vulnerability Seasonal Water Yield

Crop Pollination Sediment Delivery Ratio

Crop Production: Percentile Urban Cooling

Crop Production: Regression Urban Flood Risk Mitigation

Delineatelt Urban Stormwater Retention

Forest Carbon Edge Effect Visitation: Recreation and Tourism

GLOBIO Wave Energy Production

Habitat Quality Wind Energy Production

Habitat Risk Assessment




Setup the T
Ca r b O n m O d e | ‘ﬁ“ I nVEST Carbon Storage and Sequestration x

Setup >

Workspace ‘ i ] H directory
. . ) L >
° The fIrSt thlng We re ” ] File Suffix {optional) text
. . . 0 Load parameters from file
going to do is point

B Save as..
InVEST tO the CU rrent @ User's Guide Current LULC ‘ @ ‘ ‘ raster
LU LC ma p We We re S FreS::|uer1t|§,4r Asked
uestions Carbon Pools ‘ [ ] ‘ ‘ .

just looking at.

i CIiCk the Open Calculat:
buttOn . Sequestration O e @ e

Future LULC raster

REDD Scenario
. ) Yes No
Analysis (optional)

REDD LULC raster

Run Valuation
L . Yes No
Model (optional)



* This will open the
folder where you
installed InVEST.

m invest-workbench - O
File Edit Wiew Window About
ﬁ I nVEST Carbon Storage and Sequestration x °
Setu
P Workspace (i ) X (|
Log I
. File Suffix (optional) (i ) text
01 Load parameters from file
g Save as...
& User's Guide Current LULC (i ) ‘ raster b 4 ‘ ‘ 0 ‘
& Frequently Asked
Questions
Carbon Pools o CSV X (|
Open X
M <« AppData » Local » Programs » InVEST 3.12.1 Workbench v [¥] 2 Search InVEST 3.12.1 Workbe...
Organize * New folder ==« [H 0
Mame Date modified )
7 Quick access
) locales 1/27/2023 9:59 AM
2o Windows (C) #
resources 172772023 9:59 AM
Users s swiftshader 1/27/2023 9:59 AM

[ Desktop -
* Downloads
Documents &
s Ooogle Drive &

[ I | S [

File name: |

D chrome_100_percent.pak
D chrome_200_percent.pak
d3dcompiler_47.dlI

ffrmpeq.dil

12/16/2022 1:45 PM
12/16/2022 1:45 PM
12/16/2022 1:45 PM
12/16/2022 1:45 PM

v| All Files (%.7)

Run Valuation
o, Yes
Model (optional)




* Navigate to where
you downloaded the
Sample Data.

e Select the current lulc
map.

* Click Open

Open
€ - v

Organize »

v g Quick access

e Windows (C:) #

Users

[ Desktop
4 Downloads

%= Documents

= Ooogle Drive o
Iz Shared drives #

i~ My Drive
~ Files

. Research

default_inputs

% Exercises
A% Slides
- Slides

@ OneDrive
> [ This PC

- Elements (E:)

» This PC » Windows (C:) » Users » jajohns » Files * Research » base_data » invest sample_data » Carbon »

Mew folder

A Mame

intermediate_outputs

| carbon_pools_willamette.csv

* | carbon_willamette.invs.json
* #® execute_invest_carbon.py
* arhon-log-2023-01-27--10_02_44.txt

D lulc_current_willamette.tif vat.cpg
D lulc_current_willamette.tif vat.dbf

»
e lulc_current_willamette.tif vat.dbfocml

* @ lule_future_willamette.tif

* e lule_future_willamette.tif.aux.xml

D lule_future_willamette.tif.vat.cpg
D lule_future_willamette. tif vat.dbf
[&] lulc_redd_willamette.tif

D lulc_redd_willamette tif. vat.cpg
[ lulc_redd_willamette tif vat.dbf
G report.html

@ tot_c_cur.tif

v 4

Date modified

1/27/2023 10:00 AM
172772023 10:00 AM
172772023 10:00 AM
1/27/2023 10:00 AM
2023 10:00 AM
f2772023 10:00 AM

J2772023 10:00 AM

1/27/2023 10:00 AM

Type

File folder

Comma Separate...
JSON Source File
Python Source File
Text Source File
TIF File

Microsoft Edge H...
CPG File

DEF File

Microsoft Edge H...
TIF File

Microsoft Edge H...
CPG File

DEF File

TIF File

CPG File

DEF File

Chrome HTML De...

TIF File

File name:

& Search Carbon

v O @

Size Folder path

¥
=]
[+=]
o
st
m

m
A
5
7
m

=)
[==]
[
=] Fra
7= at
m m
[ T T Y o T T e N i TN Y T e Y T e Y TN Y o Y T S

All Files ()

\Users\jajohns'\Files}
\Usershjajohns\Files)
\Usershjajohns\Files)
yUsershjajohns\Files)
\Users\jajohns\Files)
\Users\jajohns\Files)
\Usershjajohns\Files)
\Usershjajohns'\Files)
\Users\jajohns'\Files)
\Users\jajohns'\Files}
\Usershjajohns\Files)
\Usershjajohns\Files)
yUsershjajohns\Files)
\Users\jajohns'\Files)
\Users\jajohns\Files)
\Usershjajohns\Files)
\Usershjajohns'\Files)
\Users\jajohns'\Files)

\Users\jajohns'\Files}

Cancel




* Now it have the
filename entered
correctly.

* Next we will specify
the “Workspace”.
* This is where it will

save all the output
files.

* Click the Open button
for the Workspace.

m invest-workbench
File Edit View Window About

A InVEST

Carbon Storage and Sequestration x

Setup

Log
0 Load parameters from file
B Save as.

3 User's Guide

& Frequently Asked
Questions

>

>

Workspace

File Suffix {optional)

‘ i ] H directory

Current LULC

Carbon Pools

xlulc_current_willame tte.tif

Calculate
Sequestration

Future LULC

OYes @No

REDD Scenario

A Yes No

Analysis (optional

REDD LULC raster ‘E
Run Valuation

Model foptiona Yes MNo



e Select the
Carbon folder
we just used.

* Create a new
folder called
Results in the
carbon folder.

e Set this as our
Workspace.

E invest-workbench

File Edit View Window About

A InVEST

Carbon Storage and Sequestration  x

Setup

Log
0 Load parameters from file

B Save as..

LA llzer's Guides

\base datalinvest sample data\Carbon\results H ] ‘

File Suffix (optional)

I T, N I,

Select Folder
= i <« base data » invest_sample_data » Carbon »

Organize = Mew folder

A
5 Cuick access

3 This PC #*
= Windows (C)
& Downloads o
I Desktop )
Files -
Research -
base data o
cge -
o oogle Drive o
@ Chilean Central |

% Microeconomic

| PMAS - GTAP-In ¥ £

Folder:

Date modified

772023 11:36 AM

Search Carbon

File folder

lamette.tif H (| ‘

<] =]

El

Select Folder Cancel




m invest-workbench —
File Edit View Window About

A INVEST Carbon Storage and Sequestration x

Setup >

°

Workspace tal\invest sample data\Carbon

 There is one last file Log ’

that iS required: the ::jj:jr-ameters.from file
Carbon pOOIS table' (2 User's Guide

File Suffix {optional)

o

Current LULC w1l :;_:;Llr':ent_willame tte.tif

o

& Frequently Asked

 Select open for Questions N o]
Carbon Pools and L=
select .
“carbon_pools_willam Sequestration -
ette.csv” o]

\carbon pools willamette.csv

?‘ O Yes @ No

Yes No

o

‘ o ‘ Yes No



Look at the
carbon pools
table

* Open up the carbon pools CSV file in
Excel (or whatever).

* Notice two key columns:

* Lucode: This is the lucode that was saved in
our LULC map!.

e C_above: This is the carbon stored in the
above-ground carbon pool for this LULC
type.

* Where did these values come from? A massive

literature review (Ruesch and Gibbs 2008) of
field studies.

File Home Insert Page Layout Formulas Data Review View Automate
EHD EXO E”t Calibri - AR == E v 3B Wrap Text
opy ~
Pa\fte \'\g Fo:;at Painter Lol X~ ﬁ - == 2| == Hampi:
Clipboard ] Font ] Alignment
K10 - 2
A B € D E F

1 |lucode  LULC_MName C_above C_below C_soil C_dead

2 1 Residential 0-4 units/acre 15 10 60 1
3 2 Residential 4-9 units/acre 5 3 20 0
4 3 Residential 9-16 units/acre 2 1 5 0
5 4 Residential =16 units/acre 0 o o o
6 5 Vacant 10 20 10 5
7 6 Commercial ] 0 0 0
8 7 Commercial/Industrial 0 0 0 0
g 8 Industrial 0 0 0 0
10 9 Industrial & Commercial 0 0 0 0
11 10 Residential & Commercial 0 0 0 0
12 11 Urban non-vegetated unknown 0 0 10 0
13 16 Rural structures 0 0 50 0
14 18 Railroad 0 0 25 0
15 19 Primary roads 0 0 50 0
16 20 Secondary roads 0 0 25 0
17 21 Light duty roads 0 0 35 0
18 24 Rural non-vegetated unknown 0 o 0 0
19 29 Main channel non-vegetated 0 0 0 0
20 32 Stream orders 3-7 0 0 0 0
21 33 Permanent lentic water 0 o 0 o
22 39 Topographic Shadow 100 5 65 50
23 40 Snow 1] o 0 ]
24 42 Barren 0 o 0 o
25 49 Urban tree overstory 135 50 75 1
26 51 Upland Forest open 75 45 85 20
27 52 Upland Forest Semi-closed mixed 90 60 110 30
28 53 Forest Closed hardwood 180 120 120 55
29 54 Forest Closed mixed 200 130 130 65
30 55 Upland Forest Semi-closed conifer 30 60 35 29
3 56 Conifers 0-20 yrs 10 7 76 2.5
32 57 Forest closed conifer 21-40 yrs 88 59 96 29
33 58 Forest closed conifer 41-60 yrs 165 110 115 50
34 59 Forest closed conifer 61-80 yrs 225 150 124 65
35 60 Forest closed conifer 81-200 yrs 300 200 135 85
36 61 Forest closed conifer older than 200 yrs 375 250 150 100
37 62 Upland Forest Semi-closed hardwood 80 50 100 25
38 66 Hybrid poplar 75 25 90 2
39 67 Grass seed rotation 1 1 10 o
40 68 Irrigated annual crop rotation 2 1 10 0
41 71 firaine 2 bl n n



* Running the InNVEST
model here will
combine the
information from the
table with the LULC
map to calculate how
much carbon is
present.

* Do it by selecting
Run!

m invest-workbench

File Edit View Window About

A InVEST

Carbon Storage and Sequestration x

Setup >

Log >
0 Load parameters from file
B Save as.

3 User's Guide

& Frequently Asked
Questions

Workspace ‘ i ] ‘ ta\invest sample data\Carbon ‘E
File Suffix {optional) ‘ o ‘
Current LULC ‘ i ] ‘ \lulc current willamette.tif 0
Carbon Pools ‘ i ] ‘ \carbon pools willamette.csv (|
Calculate ‘ ‘
Yes No

Sequestration _ o ) O @

1 1=l

‘ o ‘ Yes No

o o




A bunch of math just
happened.

You should now see a
Log from the code
that was just run.

If it was successful,
you should see
“Execution Finished.”

Now click on the
Open Workspace
button.

m invest-workbench
File Edit View Window About

A InVEST

Carbon Storage and Sequestration  x

Setup

Log

03 Load parameters from file

B Save as.

3 User's Guide

& Frequently Asked
Questions

Model Complete

Open Workspace

raster stats worker
03/15/2023 13:42:11

result.

natcap.invest.carbon INFO Mapping carbon from

'"lule cur path' to '¢ soil cur' scenario.

03/15/2023 13:42:11
stats worker
03/15/2023 13:42:11

pygeoprocessing .geoprocessing INFO starting

pygeoprocessing.geoprocessing INFO started

stats_worker <Thread(Thread-3 (stats_worker), started daemon 12716)>

03/15/2023 13:42:12
03/15/2023 13:42:12
raster stats worksr
03/15/2023 13:42:12

pygeoprocessing.geoprocassing INFO 100.0% complete

pygeoprocessing.geoprocessing INFO Waiting for
result.

natcap.invest.carbon INFO Mapping carbon from

"lule cur path' to '¢ dead cur' scenario.

03/15/2023 13:42:12
stats worker
03/15/2023 13:42:12

pygeoprocessing.geoprocassing INFO starting

pygeoprocessing.geoprocessing INFO started

stats_worker <Thread(Thread-4 (stats_worker), started daemon 6208)>

03/15/2023 13:42:12
03/15/2023 13:42:12
raster stats worksr
03/15/2023 13:42:12
for 'tot ¢ cur’
03/15/2023 13:42:12
stats_worker

03/15/2023 13:42:12

pvgeoprocessing.geoprocassing INFO 100.0% complete

pygeoprocessing.geoprocassing INFO Waiting for
result.
natcap.invest.carbon INFO Calculate carbon storage

pygeoprocessing.geoprocassing INFO starting

pygeoprocessing.geoprocessing INFO started

stats_worker <Thread(Thread-5 (stats_worker), started daemon 285200)>

03/15/2023 13:42:12
03/15/2023 13:42:12
raster stats worker
03/15/2023 13:42:12
03/15/2023 13:42:12

pygeoprocessing . geoprocessing INFO 100.0% complete

pygeoprocessing . geopgacessing INFO Waiting for

result.
natcap.invest.utils IN Elapsed time: 1.2s

natcap.invest.utils INFO Execution finished




* The Open Workspace
button opened the
folder where it saved
all the results

* Because we set our
workspace to be the

= | results

|~
Home Share

same as the where e ’
the Sample Data was, = Google Drve
you should now see : e
that folder. B Microccomomic
e But, it has new files _;NS‘”T:P'
added e
* Such as “tot_c_cur.tif” B 30 Objects
I Desktop
4ite:5nm”mpnh ’

View

A < Carb.. » results

Mame

intermediate_outputs

'E' report.htrml

= tot_c_curtif

W

o

Search results

Date modified

I

INVEST-natcap.invest.carbon-log-2023-0...  5/1/2023 10
531
I

2023 10:46 AM
10 AM
3 1046 AM
3 10:46 AR

Type

File folder
TAT File
Chrome
TIF File
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y g g g . Forest closed conifer older than 200 yrs
Upland Forest Semi-closed hardwood
file into QGIS
. . Grass seed rotation

. Irrigated annual crop rotation

.Grains
L] L]
* It will add it to the m
WI I . Berries & Vineyards
Double cropping

Layers tab. s
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. Row crep

* Depending on where B s

. Field crop

you dropped the file, B v
it might be hidden by B

. Bare/fallow

the LULC map. B [
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* Here | unselected the
LULC layer and
collapsed the legend
so we could see the
tot_c_cur layer.

* We get a slightly ugly
map by default.
* Let’s pretty-it-up.
* Double click on the

layer-name in the
Layers window.

L *Untitled Project — QGIS
Project Edit Wiew Layer Settings Plugins Vector Raster Database

DB RE e
B@V.ZwE W

Ty o
Layers (=]ES)
« [ = T, [F S g

» ¥ lule_current_willamette

':l tot ¢ cur
Band 1 (Gray)
78.75

Value Tool Layers

Fep e PpPPR

Web Mesh Processing  Help

Coordinate | 477578, 4944187 ' Scale |1:166379 |~

& Magnifier | 350%

Rotation

0.0*

*| W/ Render @ EPSG:26910



* Here | unselected the
LULC layer and
collapsed the legend
so we could see the
tot_c_cur layer.

* We get a slightly ugly
map by default.

* Let’s pretty-it-up.
 Double click on the

layer-name in the
Layers window.

 Then click the
Symbology tab.
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* | chose green.
* | like green.

* Now it is easier to
interpret.

* Discussion question:
Based on carbon
storage, where
(roughly speaking)
would it be most
damaging to Climate
Change to develop
the land into
agriculture? Why?
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Exercise (and time for me to check that everyone’s
computer is setup correctly)

e Question 1: Rerun the Carbon model, but this time calculate carbon
sequestration.

This will use lulc_future_willamette.tif
Assume the year for the current LULC map was 2023 and the future LULC was 2050.

Assume that the price of Carbon is $187 (based on the S51 per ton of Carbon Dioxide that
the Biden administration uses).

Assume a discount rate of 0.03
Assume an Annual Price Change of 0
What is the total change in carbon between these time periods?

* Optional Question 2: Suppose that the future LULC map represents a policy of
allowing logging in the area. Suppose that the value (net present value) of the
timber is S50 million dollars. Use the information you’ve generated to make an
argument that you could send to a legislator on whether or not this logging
policy should be accepted.

* Hint: look for a report.html file that is generated in your Workspace directory.



What did we learn?

* InVEST is useful because we can Quantify Tradeoffs.
 This is useful for policy makers to identify good policy.

* Important point: If we had not calculated the value of the carbon, the
Cost-Benefit analysis would still have been run.

* |t just would have assigned a value of SO to the lost carbon storage.



Extensions and improvements

* The Edge-Effects Carbon model
* The carbon model from Global InVEST
* Machine-learning approaches to improve carbon estimates



Forest edge effects carbon model

e Accounts for forest carbon stock degradation due to the creation of
forest edges.

e Extrapolates literature on the relationship between carbon storage
and distance from forest edge to calculate edge effects in carbon
storage

* Combines these estimates with carbon inventory data to construct the overall
carbon map.

* |[dentifies where there is “missing carbon”



Edge effects around a city

* Example of potential complexity
in the carbon spatial relationship
we could address:

* There’s an obvious ring of less
carbon near the city. If those areas
had the same LULC class as areas
further out, there is a clear edge
effect.

* What parameters best predict this
lower value in the intermediate
ring?




Edge effects around a city

* Example of potential complexity
in the carbon spatial relationship
we could address:

* There’s an obvious ring of less
carbon near the city. If those areas
had the same LULC class as areas
further out, there is a clear edge
effect.

* What parameters best predict this
lower value in the intermediate
ring?
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Ruesch and Gibbs 2008 (IPCC Tier 1)
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Based the IPCC Tier 1 approach -
“Paint by numbers” with continental look-up tables for
different Land Use, Land Cover classes



INVEST Carbon Model is essentially a
simplified version of the IPCC method

* Table values are heavily dependent
on “Ecofloristic Zone”



First paper figure

* Lowest hanging fruit: creates
projections that are accurate in
aggregate

e SSE (Sum of Squared Errors) is

about 3x higher in IPCC than
Model 1

A. Observed carbon

s
£

Observed AGB: 2.9127e+08
Model 1 AGB: 2.9082e+08
IPCC AGB: 1.7725e+08

Model 1 SSE: 4.6776e+09
IPCC SSE: 1.6417e+10

C. Regression residual

D. IPCC method

E. IPCC residual

.
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