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. Background information

. First attempts at water asset accounting
. Water yield model
. Water yield analysis

. Other related water assets data



. Work on material flows at StatCan dates back
to the 1970s (focus was on energy)

. 1991 Green Plan included funding for the
development of the Canadian System of
Environmental and Resource Accounts
(CSERA)

. Accounts for energy and emissions were first
published in 1993

. Concept, sources and methods documents
published in 1997



SNA 0693: Satellite accounts for the envi
System of Environmental-Economic Accounting (SEEA, draft)
Millennium Ecosystem Assessment
SEEA-Water as a statistical standard
SEEA-Central Framework as a standard
SEEA Experimental Ecosystem Accounting

1993 == 2003 = 2005 = 2007 =——— 2012 >

- 1997

2005 =— 2010 = 2011 = 2013 = 2014 = 2015 =— 2016 =—>
HAE EEA HAE EEA-W

Framework funding

HAE MEGS
Framework for Environmental Statistics

HAE Economy and the Environment
HAE Freshwater Supply and Demand
Canadian Environmental Sustainability Indicators
Etonnections: Linking the Environment and the Economy



nvironmental accounts

A Stock and flows
A Physical and monetary

A Land, minerals, timber, energy, GHG, water

A Environmental surveys

A 8 surveys, including water surveys (covering manufacturing, mining,
thermal-electric, agricultural, drinking water plants, households).

A Spatial data infrastructure

A Standardized boundaries (Census, Ecozones, Drainage Areas), spatial
data sets.

A Publications

A HAE, EnviroStats, Survey Reports, technical reports, CANSIM, PUMF,
Special Tabulations, etc.
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2. Returns . 25 10(... . . 35
3. Precipitation . . . . : 6178
4. Inflows 52 52

4.a. From upstream territories
4.b. From other resources in the territory

Decreases in stocks

5. Abstraction’ 35 5 0 1 41
6. Evaporation / Actual evapotranspiration 365 | 2678 3043
7. Outflows 3315 3315
7.a. To downstream territories 192(. : 192
7.b. To the sea 3123). : 3123
7.c. To other resources in the territory
8. Other changes in volume
9. Closing stocks 40 655
|
1: Selected glaciers only v
2. Great-Lakes only 28%

3. Reservoir capacity

4. On?y includes intake Draft T d 0) nOt q u Ote



Water Asset Account = CWB - SWB - EWB

CWB = precipitation - evapotranspiration
SWB = surface (inflow - outflow)
EWB = economic consumption (intake - discharge)

CWB: Climatic Water Balance
SWB: Surface Water Balance

EWB: Economic Water Balance (Municipal, Institutional, Commercial,
Industrial)



Precipitation
- Evapotranspiration
- Storage

= Run-off = ®:P-ET@

Run off = flows to lakes, rivers, reservoirs, base flow
Storage = flows to groundwater aquifers, consumption
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Num IRWS code Name of Flow Relevance | Availability Avallablhty
of of reliable
estimates statistics

1 B.1 mmmmm—) | Precipitation. High High High

2 B.2 mmm) | Inflows from other countries Depends Depends Medium

3 C.1 mmmmm) | Evapotranspiration High Medium Low

4 H.1 Returns to Inland Water Medium Low Low
Resources

5 E.1 Abstractions of Inland Water High High Medium
Resources

6 E.2 Collection of precipitation Low Medium Low

7 E.3 Abstractions from the sea Depends Medium High

8 L1 Losses High Medium Low

9 F.2 Exported water Depends High High

10 G.2 Imported water Depends High High

11 F.1/G.1 Water supplied/Water Received | Medium High High

12 F.3.2/G.3.2 Reused water Depends Medium Low

13 “Water consumption” | Final Water Use in SEEA-CF Medium Medium Low

14 H.2 Returns to the sea Medium Low Low

15 C.2.1 —) Outﬂo.ws to neighboring Depends Medium Medium
countries

16 C22 Outflows to the sea Medium Medium Low




Average Annual Streamflow for Large Rivers by Drainage Basin

Major Drainage basi  Average annual streamflow

m3 per second km3 per year
Pacific Ocean 24100.00 760.02
Arctic Ocean 16400.00 517.19
Hudson Bay 30900.00 974.46
Atlantic Ocean 33400.00
Gulf of Mexico 25.00
Canada 104825.00

) N

Notes:
1. Streamflows were estimated at the river mouth or where the river crossed the Canada-United States border. In some
instances, an upstream gauging station was used if better streamflow records were availabie.
2. For rivers that cross the Canada-United States border. some flow originates in the United States.
3. Measurements for the St. Lawrence were estimated at Nicolet, just above the entrance of the St. Maurice River.
There are significant tidal effects downstream from this point. When considering a larger drainage area closer to the
Gulf of St. Lawrence, the estimated flow obviously increases.

1 4. The flow of the Mackenzie River was determined at its delta.

ource:

Fisheries and Environment Canada, 1978, Hydrological Atias of Canada, Catalogue No. En 37-26/1978, Ottawa.

Flow (m’ per second)

\7

00
5000

10 |
o 12500

7500

1=40 River Codes (see Table 5.5.1)

Major drainage basins

:I Arctic Ocean

1 km
1200




S=PTETTR

S =3158 Km3 -R

S =3158 Km3 - 3306 Km3

S =-148 KM3, or 5% of CWB
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A Given geographical conditions in Canada

A Large landmass, complex hydrography, varied
hydrologic regimes, overall large amount of
precipitation, accumulated stocks of non-renewable
water, etc.

A Low population density, concentrated populations,
Importance of hydroelectricity, reliance of agriculture

A It was decided to initiate the water accounts with
1. Renewable water assets portion of Water Assets
2. Water intake portion of MEFA

13
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1. Develop a methodology to generate estimates of
renewable freshwater (water yield) for Canada and
regions

2. Provide a denominator against which compare water
Intake data

3. Track change over time and space in the amount of
water being renewed by nature.



Water yield is the amount of freshwater derived
from unregulated flow (m3/s) measurements
for a given geographic area over a defined
period of time.

A only measurements exhibiting unregulated flow
(that is not dammed or diverted) are used In its
computation.

A unregulated flow is a combination of baseflow,
Interflow and overland flow originating from
groundwater, precipitation and/or snowpack.

15



d ef i n etltk armosint of fieshwater derived from unregulated flow (m?3 s
measurements for a given geographic area over a defined period of timed a n d
t h a tis génerated from a combination of baseflow, interflow and overland
flow originating from groundwater, precipitation and/or snowpacko

l l l Precipitation

l 4 s
Evaporation Evapotranspiration
Infiltration l
_______ Interflow Runoff Unregulated flow
~—
Baseflow

Groundwater flow/ Measurement

16



B Filtered HYDAT Streamflow Data
STATION_ M Hydr| Drainad Effed
P 01AAD02 2 508 I 18974 B17 561 13
| [01AAD02 Q) 508 I 1977 235 155 0974
| |01A4A002 | Q 508 M 1975 35 186 53
| |01A4A002 | Q 595 M 1973 bB.45 11 33
| Jmasnnz o5 N g2 am 23 48 Derjve monthlyrunoff values Develop monthly semi-variograms
| |01AAD02 |G 598 M 1971 204 138 264
01AA002  Q 298 N 1970 395 549 294
Cpoe; [0 | S b Liom o sig 29 E
_D'].»"-‘\.»"-‘\DDQ Q 598 N 1968 227 437 16.1 Shape * | STHHBR | SOURCE | AREA | JUL | CRUHOFF | RUHOFFLT T']-D
0722002 |a £og N 1957 Paint 02XD001 |Stiawsh | 206 | 143| 69417476| 184768 —
[otasccz o | B® N 1e75 441 802 244 o vt s | 300 141 et | o || Bes
| |014D002 |0 14700 Mo 1373 126 212 26j — T T Pairt 02XBO02 [Stiawsh | 1060 455| 42924528 1 642707 B & " o
| |01ADO0Z Q| 14700 Mo 19800 V8& 377 481 milml T 026004 [Stawsh | 2080) 74.4| 36.18505| 1 5A9567 _[rfByaaz 2 I ot
| |01ADO0Z |G 14700 i 1985 707 531 46 = Troint 02YCO0 | Stiawsh G24| 215| 34455126) 1549679 o up Fa f # Ty ¥
| |mepooz @ tavonl w1987 Ges 394 114 =TT T[roint [oovRon [Stawsk | 283 445 10401003 1056043 v{H45]3.59 o .
01ADDDZ | Q) 14700 Mo 1986 70 179 824 =T T Paint O2VROOG [Stewsh | 554 7.07| 12761733 1130673 » - .
[ lotapans 0 14700 M doon N7 247 =% =R 024005 [Stiewsh | 4540 159| 35022026 1596568 693 266
Smil il ED O2VROM [Stiawsh | 275 545| 19818182 1 315443 =
== 0 [Foint I2YKODS [Stizwsh 331| 541 1383ENT| 1171326 g, J21133
ST T TPaint 02/S005 [Stlawsh | 2000 351 1755 1268344 > : —
. . SHmil il NED 02ZHOOT [Stiawsh | 764 | 228| 20073622| 1490895 {41 :
Generate bas|n Centr0|ds = I (Pt 027001 [Stiawsh | 2110 563| 26662454 1442205 ey 1] 059 148 177 236 283 354 413 472
ot R 02(0008 [Stawsh | 773 102| 13195343| 1152146 2|1 Distance h-1D-5
=] Paint 02IKOOT [Stiewsh | 301 132| 43853821| 1 651799 : !
=T TPaint 02Y0004 [Stiewsh | 2200] 39.7| 18045455 1 .zreren . 5
([ oint D2IKOOT [Sthawsb | 301 132 43853621] 1651799 1. Distance, h+10 |
=i WS 02YQOD4 |Sllawsh | 2200 307| 1804sass| 127079 ) -5 |
= l_[Paint [p2zkom [Stewsk | 301] 132 43833821 1651799 o e ro—r EJ_Ii'tfnCELPl'mu.“ o
mil R |02v@0o04 [Stewsk | 2200[ 39.7| 18045455 1279791 | . 5
Paint 02IKOO1 |Stiawsh | 301 132| 43853821| 1651799 Distance, h+10
Faint 02YQ004 [Stiawsh | 2200 397| 19045458 127979
A

17



Interpolate monthly surfaces

A &Y

Summarize to generate outputs
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—— Drainage region beunaaries
7] spance and Bue, 2003

Average annual water yield by drainage region, 1971 to 2004

Drainage Water yield
region Volume ! Velume
code per unit
area
number km?2 m3 per m2
Canada 34723 0.348
Pacific Coastal 1 513.7 1536
Fraser-Lower Mainland 2 1286 0.552
Okanagan-Similkameen 3 42 0.270
Columbia 4 877 0.778
‘Yukon 5 106.0 0318
Peace-Athabasca [} 999 0.208
Lower Mackenzie 7 2463 0.185
Arctic Coast-Islands 8 2313 0.131
Missouri 9 05 0019
North Saskatchewan 10 102 0.068
South Saskatchewan 1 96 0.054
Assiniboine-Red 12 6.9 0.036
Winnipe: 13 254 0236
Lower Saskatchewan-Nelst 14 476 0132
Churchill 15 494 0.158
Keewatin—Southern Baffin I 18 192.0 0204
Northern Ontaria 17 1992 0288
Northern Quebec 18 5163 0.549
Great Lakes 19 1331 0419
Ottawa 20 626 0428
St. Lawrence 21 71.3 0.600
North Shore-Gaspé 22 2922 0.792
Saint John-St. Croix 23 29.2 0.697
Maritime Coastal 24 103 6 0.849
Newfoundland-Labrador 25 3254 0.856




Average annual runoff (mm)
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Note(s): Data were derived from discharge values contained in Environment Canada, 2010, Water Survey of Canada, Archived
Hydrometric Data (HYDAT) (www.wsc.ec.ge.calhydat/H20/index_e.cfm?cname=main_e.cfm).

14 Source(s): Spence C., and A, Burke, 2008, "Estimates of Canadian Arctic Archipelago Runoff from Observed Hydrometric Data,"
Joumal of Hydrology, Vol. 362, pages 247 to 259.

Statistics Canada, Environment Accounts and Statistics Division, 2010, special tabulation.

02/10/2016
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—— British Columbia — Prairies
cubic kilometres (km®) — Central and Atlantic North
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A Average annual
yield = 3472 km?3

A Distributed unevenly
across Canada

25

Average annual runoff (mm)
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Note(s): Data were derived from discharge values contained in Environment Canada, 2010, Water Survey of Canada, Archived

Hydrometric Data (HYDAT) (www.wsc.ec.ge.calhydatiH20/index_e.cfm?cname=main_e.cfm).

Source(s): Spence C., and A, Burke, 2008, "Estimates of Canadian Arctic Archipelago Runoff from Observed Hydrometric Data,”
Journal of Hydrology, Vol. 362, pages 247 to 259.

Statistics Canada, Environment Accounts and Statistics Division, 2010, special tabulation.
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A 98% of Canadians live in
southern Canada

A Only 38% of the water
yield is in southern

Canada
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Statistics Canada’s North-line in relation to the land
mass of Canada
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Note(s): The North-line is a statistical area classification of the North based on
16 social, biotic, economic and climatic variables that delineates the
Morth from the South in Canada.

Source(s): McNiven C., and H. Puderer, 2000, "Delineation of Canada’s North: An
Examination of the North-South Relationship in Canada,” Gaography
Working Paper Series, Statistics Canada Catalogue no, 92F0138MIE.



Statistics Canada Canad'él'

Information for... Browse by subject Browse by key resource About StatCan

Home » CANSIM » Search results =

Table 153-0109 1. 2. 3. 4

Annual water yield for selected drainage regions and Southern Canada
occasional (cubic kilometres)

Data table| Add/Remove data Manipulate Download | Related information Help
The data below is a part of CAMSIM table 153-0109. Use the Add/Remove data tab to customize your table.

Selected items [Add/Remove data]

Annual water yield = Annuzal volume

Geography 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Southern Canada 2 1,228.2 1,200.1 1,260.0 1,2847 11,3448 1,408.6 1,291.7 1,329.5 1,449.6 1,311.7 1,243.0 1,491.7 1,293.3

Pacific Coastal drainage 455.1 490.0 517.1 521.2 511.3 535.6 436.9 583.9 466.7 456.7 461.9 500.0 518.7

regio{ [@]v

Fraser-Lower Mainland 129.1 108.6 138.4 116.4 128.4 138.4 111.2 153.5 131.6 117.3 118.3 152.6 150.2  116.3

drainage region [102]

Columbia drainage region 70.2 20.8 73.4 65.0 66.5 70.3 66.8 69.4 65.7 51.2 57.5 74.8 83.2 78.3
[104]
Peace-Athabasca drainage 91.8 93.6 93.2 93.0 97.4

region [206]

North Saskatchewan 7.8 5.7 6.1 7.3 7.6 13.7 10.1 12.0 8.8 5.9 8.7 14.0 10.9 19.3
drainage region [410]

South Saskatchewan 6.8 4.9 9.3 8.5 8.2 13.8 10.1 11.4 9.5 6.6 11.3 17.6 10.7 24.0
drainage region [411]

Assiniboine-Red drainage 4.5 11.3 3.0 5.9 7.0 14.3 11.1 8.2 3.4 10.1 14.7 42.8 7.0 14.1
region [412]

Gre%?[akes drainage region 109.8 145.5 117.8 124.5 133.5 117.7 140.1 109.3 178.2 152.9 95.2 141.5 103.2  167.2
[519]



Statistics Canada Canad'él'

Information for... Browse by subject Browse by key resource About StatCan

Home » CANSIM » Search results =

Table 153-01101. 2. 3. 4

Median monthly water yield for selected drainage regions
occasional (cubic kilometres)

Data table | Add/Remove data Manipulate Download Related information Help
The data below is a part of CAMNSIM table 153-0110. Use the Add/Remove data tab to customize your table.

Selected items [Add/Remove data]

Geography Median monthly water yield 1971-2004
January, median monthly 28.39
February, median monthly 18.83
March, median monthly 19.14
April, median monthly 24.76
May, median monthly 55.01
June, median monthly 79.28

Pacific Coastal drainage region [101]
July, median monthly 55.80
August, median monthly 43.30
September, median monthly 42.84
October, median monthly 49.75
November, median monthly 41.89
December, median monthly 34.11

29 January, median monthly 3.80
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8.5% decrease from 1971
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100

APrairies showed highest variability

AWater yield decreased by 0.56 km3/yr

Smoothed treng  —— jrear trend




Annual water yield in the Canadian Prairies, drought
of 2002
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Annual water yield in the Canadian Prairies, Red River
flood of 1997
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Ratio of water intake
to water yield
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Avage annual snow cover extent from 1972 to 2010
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Average area covered by total (all) seaice during summer

Northern Labrador Sea
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Total water supplied by the environment

2005 2007
Mm3

Total 89,590.3 80,120.8
Crop production (except greenhouse, nursery and sod) 89,077.5 79,612.0
Wheat 38,390.4 29,900.5
Feed grain 19,357.2 20,2648
Oilseed 22,863.3 21,793.6
Potatoes 470.0 529.9
Fruits and vegetables 5,964 4 5,100.0
Other Crops 2,032.1 2,023.1
Greenhouse, nursery and sod 191.5 202.5
Animal production (excluding aquaculture) 321.3 3064
Dairy 44.2 42.2
Cattle 192.6 182.6
Hogs 55.3 524
Poultry and eggs 12.6 12.9
Other livestock 16.6 16.2
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Including precipitation and hydro-electric power generation

Mm3 percent
Internal demand 2,043,138 98.0
Perscnal expenditure 1,516,777 431
Machinery and equipment 57,978 16
Inventories 181,986 52
Construction 42 693 12
Government 243,703 6.9
External demand
Exports 1,476,898 42.0
Total demand for water 3,520,036 100.0
excluding Hydro
Including precipitation Excluding precipitation

Mm3 percent Mm3 percent
Internal demand 211,068 33.7 24,118 63.0
Personal expenditure 98,727 15.8 18,003 47.0
Machinery and equipment 6,890 11 731 1.9
Inventories 71,107 1.4 1,732 4.5
Construction 19,417 3.1 483 1.3
Government 14,927 24 3,169 8.3
External demand
Exports 414 857 66.3 14,169 37.0
Total demand for water 625,925 100.0 38,287 100.0




Population dependent
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Regional Training Workshop on the System
of Environmental-Economic Accounting
with a Focus on Water Accounting

Thank You for your attention

SeptembeR6-30, 2016
Putrajaya, Malaysia

Francois Soularé&h.D.
Environment, Energy and Transportation Statistics Division
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Large dams by gross capacity of reservoir, year of completion and by province and territory
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I* I Natural Resources Ressources Naturelles
Canada Canada

Waterbody Coverage

Produced by: Environmental Monitoring Section
CCRS, NRCAN
Source: National Topographic Database
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Centre for Topographic Information
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Canadian Climate Database




A Known inhomogeneities
A Change of site location
A Change of observing procedure
A Instrument deficiencies

A Measurement errors

A Trace elements (ex.: dew)

A Undercatch (ex.: wind)

A Viscosity (ex.: emptying rain gauge)

A Precipitation density (ex.: snow measurement)
A Varying density of station network

45



46

SN\

CMC Correction, 64-93 (MM)

-100 - -41.75
41.75 -0
1-41.21

41.21 - 59.37
59.37 - 75.83
75.83 - 96.44
96.44 - 122.62
122.62 - 154.45
154.45 - 203.25
203.25 - 336.73

Can99prov_al



3000

5000000 6000( 7000000







49



Lake evaporation




Evapotranspiration
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