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Why are we here? - an Awakening has Occurred

Natural Resource
Production System

 VALCES



 1-1.5 million head of cattle harvested

e 2-3 million head of swine harvested

* 100-120 million kg of poultry harvested

* 25-35 million tonne of crop harvested

* 20-25 million m3 of timber harvested

* 150-160 billion m? of natural gas produced

e 25-35 million m? of conventional oil produced

* 60-80 million m? of bitumen produced

 25-35 million tonne of coal produced

e 1200-1500 petajoules of electricity produced 4.‘
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Reductions in Ecological Goods and Services

Biotic Carbon
Water Quality
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EE 0.935-0.999 Areas without a
EEN 0.874-0.934 coloured grid cell
m 0.808-0.873 have an index of 1
= 0./48 - 0.807 meaning no threat.

B 0.726-0.747
= 0.678-0.725
0.325-0.677
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Multiple Communities, Multiple Demands
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Central Modelling Office (CMO) A

Balancing the Equation

Internalization of Natural Capital into Decision Making

An Integrated Approach: Management by Objective

*Food
«Settlements
Fuel

Fiber
*Water Quantity
‘Water Quality
«Carbon Stocks

Trade-Offs
Limits
Thresholds
Risks
Knowledge
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Alberta Land Stewardship
Act (ALSA)
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The ALCES Simulator Toolkit

* Several Tools in the Toolkit

e “What-If” Simulators

* Long-term (chronic = year DT) not acute (day DT) temporal domain
* Alberta has been the Geographic Focus

e Model Gradient from Simple to Comprehensive but focus has generally been more on
shuttle architecture (focus on 15t and 2" order dynamics)

* Educational Focus to Professional Grade

e Temporal Domain of Past, Current, and Future
 Triple Bottom Line Indicators

* Major Focus on Beneficial Management Practices

* Enable “Management by Objective” Solutions
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ALCES ToolKit

A

Licensed L andscape

End User Computer C umulative
E ffects
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Successful Assessment of Cumulative Effects of
Land Uses requires Simulators to address:

Air, Land, Water

All Relevant Land Uses

All Relevant Natural Disturbance Regimes
Triple Bottom Line Indicators

Temporal Domain of Past, Present, and Future
Reference Points for Indicator Performance
Uncertainty = Sensitivity Analyses

“Beneficial Management Practices”

Output that is Tabular, Graphic, and Maps

Transparent Models where Users can readily see structure
and Assumptions

. ; . M ALCES
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Switches
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Multi-Model Integration with ALCES
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For Projects where
detailed and mechanistic Axxxxxxx
sectoral models have
already been constructed,
ALCES can be informed
(receive input) from the
output from these models

DALCES

An Integrated Londscape Management Tool
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The basic steps of simulating land use in ALCES

General Input-Output Pathways of ALCES Municipality

1. Initial GIS Data and._/
Landscape Compositioni

CEMA ALCES ;
m-ou:nm,vmm %
W . _ G

Y e
Mting an ALCES Sacurity and Ahering Mode!
I.u'rupa - Strucsure & L

5. Conduct Simulations in

Central ALCES Engine
6. ALCES Output

4. Future Land Use Trajectories
and Metrics
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Tracking Land Uses in ALCES

What Land Uses Does ALCES Track?

Cropland '.~ Protected

Forestry

Tourism
Recreation

Hunting,
Fishing
Trapping

Assorted
Transport
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Tracking Natural Disturbances in ALCES

Home | Back What Natural Processes Does ALCES Track?

Switches

Climate and
Climate
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Control

Home Back e .
cestore | Sensi Landscape Type (LT) Stratification; Alberta Example e

= 4 .L'.J
LT1 IT11 [Ess i an
l.r;_,-_-, ,1. M-/- “M
Hardwood Forest Shrubland
2 [ g %’ﬁé IT12 [l OSSR
) o % \7".;:‘;{l._ ’1"3;”5»". "."

Cereal Cropland

Mixedwood Forest

IT13 [ s
B T 0 )
Forage Cropland 1

LT3 LT8

Mesic Spruce Forest

LT15

LTS

Glaciers Shoreline
4.1

Native Grassland

Pine Forest
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Switches

Major Road (highway)

Inblock Road

Transmission Line Suburbla
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Permutations for Stratification Themes

I

]
i

12 12 10 155,520,000

ations X Commodities X Transport X Utility= Combinations
Types Types Types
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Reconstructing the History of Land Use
Footprints

e e User Defined Historical Backcast Trajectory

AgBC Traj
BC FT[FT1MR] BC FT[FTZMRE] BC FT[FT3Trail] BC FT[FTHR] BC FT[FTSMarRac] BC Spp[Cattle] BC Spp[Town Human]

BEC Spp[Faultn] C Spp[Aer or Lk Human)

BC FT[FT11Ind] BC FTIFT1Z25ei] BC FT[FT13Wel] BC FT[FT14RiTL] BC FT[FT155Mine] BC SpplFigs) BC Sppl&g Human] BC S Traj

ES
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Hydrocarbon Well Footprint

Total area (ha) of well FT

300,000 -
250,000
200,000
150,000

100,000

50,000

% Well FT

I 0.001-0.033
I 0.034 -0.096
B 0.097-0.188
B 0.189 -0.308
B 0.309 - 0.485
~ 0.486 -0.951
0.952 -10.488
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History of Alberta’s Road Network

Total area of major/minor

S0 road and rail
500 { ¢ :

Pre-indust6@0

400 -
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% Transportation FT

BN 0.001 - 0.260
B 0.261-0.535
m 0.536 - 0.928
= 0.929 - 1.382
e 1.383 - 1.897
~ 1.898 -2.384
X 2.385 - 6.059
-
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Water Demand

Pre-indus26@0 Average Water Use

60 - (m3/ha)

Does not include water

40 1 use by insitu wells

30 -

20 -

10 -

0_
SO S S S S SS S S S
N 2 2D P P S O B P
N R R RYT DT DT DT R A8 4D

Water Use (m3/ha)

I 0.001-0.105
BN 0.106 - 0.464
B 0.465-2.472
B 2.473-6.835
B 6.836 - 20.272
= 20.273 -93.737

j 93.738 — 3,012.780
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Strategy C

Strategy B
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Graphic ALCES Output
Example: Human Population gy

2010

'ﬂ' 1:aF.F Popn[Town Hurman] 2 aP F Popn[acr or Lk Human] 30 aP.F Foprfag Human] 43P T Human Popn

:.‘ Future

Range Natural Variability ckcasti Landuse
(1660-1860) 1861 10) (2011 to

2060)

Total Popn

Acreage Popn
............................. g............................. é..............................g............. R Urban Popn

Equilibration
Period

7 2 g 1 e e e 4 o | i 2ol 3 ' Agric Popn

100 200 200 400 a00
Years 1039 FPM Feb 18, 2011

Simulation results from the CVRD ALCES Model are based on preliminary input coefficients.
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Meteorology

Today
2010

S 1. TAPrecm3i 2. TA Surf Bunoff m3 A TAPET m3from LT and FT 4:TA Aguifer m3 from LT and FT

Future

Range Natural Variability ckcasti Landuse
(1660-1860) 1861 10) (2011 to

‘ 1.2e+010

Equilibration
Period

[ e ecpon
10N )|

Evaporation
h ML T ET L

Simulation results from the CVRD ALCES Model are based on preliminary input coeff|C|ents
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'Restore]_Sensi 1 /s Energy Sector =

103 Panel Instructions; Tables#1-6 Panel Instructions; Tables # 7 - 14
=

821 Hydrocarbon Sector Geaphs 822 Energy Graphs

€3 &

Sound

Movie

1. Oil & Gas Sector Switches, Dev Trajectory & Vanance

2, Historic Hydrocarbon Production Volume m3 Simulation Output to Figures and Tables

3. Initial Hydrocarbon Reserve Volumes m3

4. Initial and Backcast Well Metrics

5. Percent of Drilled Wells that are Successful

6. Test and Exploratory Wells

7. Hubbert\Naill Coefficients for Reserve Exploitation
8. Volume to Energy Conversions

9. Industnal plants associated with well development

User Defined Approach

Key Inputs include: KeyInputs include:

Tables 1,3,4,5,6,9,12,13,14 Tables 1,3,4,7,9,13,14

GIDs 8.2.1,8.2.2,8.2.3,8.2.4, GIDs8.2.2,8.2.3,8.2.4 (right
8.2.6 hand column)

10. Land Devaluation wrt the Energy Sector

11. Energy Sector Emergency Response Zone
12, Hydrocarbon Reserve Exhaustion Switches
13. Permanent Well Switches

14. Wellspad and pipeline overlap modifiers
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Simulation Output to Figures and Tables

A Well#]Oil) A Well#|C NGas) A Well#{UC Gas] A Well#{delinestion] A Well#{Insitu Bit]

Annual # of Wells
Drilled

~ NG

orig m3\wellyrfOil} orig m3iwell\wriC NGas) orig m3\well\yr{UC Gas) orig m3well\yridelinesation) orig m3well\yriinsitu Bit]

Well Production

Prod Rate ModifiefOil] Prod Rate Modifier]C NGas] Prod Rats Modifier{UC Gas] Prod Rate Modifier{delinaeation] Prod Rate Modifiedinsitu Bit]

Well Production | A
Rate Change (DF)
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“restore |_senst | G@eneralized Hydrocarbon Discovery and Extraction Trajectory

Actual Total Reserve Volume
(In place and extracted)

Cumulative Reserve
Production

Volume

(curve is
similar in shape
to current Proven
Reserve Volumes)
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An Example of Spatial Stratification of Future Hydrocarbon
Growth Regions

- Growth Area for Conv Oil Deep Gas and
CBM Gas

Growth Area for Conv Gas
Growth Area for Surf Bitumen

Growth Area for Insitu Bitumen
Growth Area for Coal Mining

Growth Area for Unconv Gas
(CBM, tight, shale)

Oilsands and
il

Unconventional
Gas

R S
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Ecological indicators and key ecosystem drivers

NN

Structure X \\
Z Old Forest
\\\\‘V"‘ Bird Habitat
Forest \'\,\ <
Core Area ‘{‘\"
Landscape ‘A‘\
ragmentatio \
Water Flow ‘
Dynamics
Sediment
Movement
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Ecological Drivers, Disturbance Regimes, &
“Range of Natural Variability”

Insect
Outbreaks

Simulated Years into Future

Climate
*Temperature
*Precipitation
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Linear Features and Access Management

A Common Thread

Threatened

Woodland
Caribou

Populations A8

Collapsed
Sport
Fisheries

Conflicts btw
Ranchers and
ecreationalist

Riparian .
- Systems
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N e Al ey
Fort McMurr:

/
Fadiit

. ACold Lake
S
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P

Central Modelling Office (CMO)
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— Winter road
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Hydrography




Black Bear
HSI
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HSI

High Risk
I Moderate Risk
I | ow Risk
I Stable
[ RNV
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—— Winter road
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- 0.6-1.0

11-2.0

21-40

41-8.0 . .
B 8.1 - 160 Direct Footprint (%) BAU
B > 160 (Does not include Agriculture or Cutblocks)
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2012 2032 2062

0 801-1,600
B > 1.600

Human Population Density (people / 5x5 km) BAU
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2012 2032 2062

1-50 |
51 -100 PR b
101 - 200 FR e

201 - 400 —

401 - 800

=2°11;;f°° Human Population Density (people / 5x5 km) BMP
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2012 2032 2062

1-1,000

1,001 - 4,000
4,001 - 16,000
16,001 - 64,000
64,001 - 256,000

I 256,001 - 1,024,000

B > 1,024,000
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2012

2032 2062

B 0.01-010

P 0.11-0.20 H‘g
0.21-0.40
0.41-0.60
0.61 - 0.80
0.81-090 VY
>0.90

Central Modelling Office (CMO)

Relative Water Quality Index
(N, P and Sediment Loading)
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2012

2032 2062

1-250

251 - 1,000
1,001 - 4,000

4,001 - 16,000
16,001 - 64,000
I 64,001 - 256,000

B > 256,000

Central Modelling Office (CMO)

Nret lerr
AL 11T

GHG Emissions (tonnes CO.e) BAU
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Environmental Future

» Water Demand Best ———
Practices 3,500,000,000.00
= 3,000,000,000.00 s — po—
- ~§- 2,500,000,000.00
» More efficient water use
§ 41.500,000,000.00 Surface Water
9
> ReSU It é 1,000,000,000,00 Use
2 500,000,000.00
» Increases still required in 0.00
. 0 10 20 30 40 50
many r‘eglonS Simulated Years into the Future WhaLces
Group
——BAU =——BMP = Agriculture Forestry =———Energy Population
140,000,000,00 2,500,000,000.00
__ 120,000,000.00 e =3
= @ 2,000,000,000.00 - Fer——————————— -
E 100,000,000.00 = E
: 80,000,000.00 |~ ~30 million m3 - 1,500,000,000.00 + Surface Water Use
TR £ by Sector (BMPs
% 64,000,000.00 Ground Water e;; 1,000,000,000.00 y ( )
40,000,000.00
g Use g 500,000,000.00
20,000,000.00
0.00 0.00
0 10 20 30 40 50 0 10 20 10 40 50
simulated Years into the Future daLces Simulated Years into the Future MaLces
Group Group
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Relating Management Strategies to Inputs and Outputs

Input and Output Rates

il fid4a S|

= ‘__ ‘ r I ﬁ
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Historical, Current
and Future
Alberta tracked in
27,200 cells that are
each 5 x5 km

Cost of Footprint:
* Construction
* Maintenance
* Reclamation

5 km

Inputs (amount, cost):

* Labour

*  Fuel
e Materials
* Water

Central Modelling Office (CMO)

Energy Sector
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Outputs

Commodity
Revenue
Royalties
GDP
Emissions

Landscapes

Area

Edge

Forest Age
Fragmentation
Core Area
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. Mining .
Economi Ecologi L
conomist Analyst cologist Scientist

What modeling architecture (structure, resolution,

scale, integration) best communicates issues and
opportunities for Alberta

1s180j0upAH

First l Climate ¢ Fire Transport
L Nations = Scientist Ecologist : Engineer
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