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The history (future) of the world is written not
in ink but in water

ﬁ' 1l # E , ﬁ 7.K E ﬁjikl. (Chinese Proverb)




Can we fix this?

Do we have a
choice?






Our Current Perspective Dates to 500 BC

The Roman Goddess
of the sewers,
Cloacina, carried
wastes to the river -
so began our modern
perspective on waste
management —
“solution to pollution is
dilution”.

“Problems can not be solved at

the same level of awareness that
created them.” Einstein

Ed Clerico, P.E., Natural Systems Utilities, 2 Clerico Lane
Hillsborough, NJ 08844
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The Hydrologic Cycle
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's Water Cycle

65%

Falkenmark and Rostrom,2005



Altered Hydrological Cycle

» flooding

* high winter flows

 [ow or no summer flows

» economic & ecological impacts






World‘s Energy Consumption

Consumption and Resources of Energy

Natural gas

resources \Ei

Oil resources — ,
World's energy
consumption
of one year
\
Coal resources —

Uranium resources—

after Greenpeace / S. Krauter 2006



Global Radiation in Relation of Evaporation (Latent Heat Flux)

Energy flux by
evaporation
during one year
(latent heat)

after Greenpeace / S. Krauter 2006

World’s energy
#— consumption
' of one year

Solar energy
irradiated during
one year onto the
surface of the Earth




Keep water on the land longer



Natural Riparian Resources

Water
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Water + Energy + Natural Capital =
Adaptation to a Changing Climate +
Nutritional Self-Sufficiency



We need a cultural shift

Current: use resources once & Integrated Resource Recovery
dispose of it (tax payer costs) (tax payer revenues)

Open linear system Closed loop system

Dr. Nicholas Ashbolt, EPA
http://www.ecosanservices.org



Q —can ecosystem services (Natural Capital) be
valued in a free market economy?

[Bruce Sampson, VP of BC Hydro; World Business Council
on Sustainable Development]




Valuing Nature’s Infrastructure

“Green’
(Environmental
Engineering)

Conventional Ecological Approach
(Engineering) (Governed & Engineered
Ecology ™)

Resource Recovery



Balance
development

@ ecologlcal When we focus on the

stabilit foundation we expand the
y capability of the values



Special Demonstration Management Zone
“Rule intent met, by alternative
means”
Watershed-scale planning:

Site Selection
[partnership with USDI BLM, USDA FS, 1996]



Scaling Up

Ed Clerico, P.E., Natural Systems Utilities, 2 Clerico Lane,
Hillsborough, NJ 08844

Education

City

Neighbourhood

Site




Residential
development

Old ditch

New stream

<—--"" August 2000

August 2001 May 2010




Blenkinsop®alley:fireenaluationl

Galey Farm Financial Summary
(PV= present value; red text =negative)

BlenkinsopdTraditional)? | Municipality® Farmerf
Installation@®fDitch (S5,200.00)=
PV@fitch@&ME (56,%31.69)

PV f&/andalismB (51,409,394.46)8

=

Total®Present®/aluel

$0.008

($1,421,226.14)7

BlenkinsopdSustainable)a

Municipality®

Farmerf

Cost@®fRestoration

($375,000.00)

Cost®fifConnectorraill

($500,000.00)2

PV fhefostDfFinancing?

($26,607.17)

PV fPesticide@Bavingsk
(adjusted®or®he@ost@DE
integrated@est@nanagement)

$497,657.180

Increased®/alue@®fEheflandB

$75,000.008

PV fPotable@VaterBavingsk

$8,548.330

PV fFloodE ostAvoidanceol
the@lunicipality®

$765,484.590

PVfEcologicalBenefitl $12,006.193
PV f/alueDfarbonBtoredd | $496.13F
and@equestered?

PVB®fT raillfonnector@Benefitl

$3,302,784.650

@

Total®PresentXaluel $3,580,771.550 $179,598.34%
Municipality® Farmerf
NetEBENEFITR $3,580,771.550 $1,600,824.48C




Engineered Ecology™ - Urban In-fill Subdivision

1999

2006

20710






Willowbrook: the benefits

17% green space

Restored stream/wetland
Trail network expanded
Linked to 3 schools
Walkable, livable

Wildlife habitat restored
Rainwater treatment

More Profitable $$$

2 linked watershed modules



Nature’s Revenue Streams (NRS):
Willowbrook Subdivision

Willowbrook/Glanford (Traditional) Municipality Developer
Cost of the Traditional Stormwater System ($260,000.00)
PV of Ditch Maintenance ($7,651.95)

PV of Costs for Future Capital Replacement ($9,908.03)

of Stormwater Infrastructure

Total Present Value ($17.559.97) ($260,000.00)
Willowbrook/Glanford (Sustainable) Municipality Developer
Cost of Restoration ($120,000.00)
Increased Lot Yield $825,000.00
PV of Wetland Maintenance ($4,057.28)

PV of Educational Value $34,344.83

PV of Ecological Benefit $12,470.09

PV of Value of Carbon Stored $515.30

Total Present Value $43,272.94 $705,000.00

Net BENEFIT $60,832.91 $965,000.00



““Potential- Values* of Swan La

sensible heat

/ 'Iatent heat
. 2
vapour
Co, 0, ! *natural f€ooli
U4

U4 3
I \
\ \\ \l
\ /
[ I/
¥ i -
\ 1
\
\

evaporation

Benefit 1858
Carbon Stored (tonnes) 105,964
Carbon Sequestered (tonnes per year) 825
Evapotranspiration/Cooling Effect: Number of Air Conditioners - Equiv. 458,653
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Current Values* of Swan Lake Wa
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Benefit 2008 Difference (1858-2008) Value of Lost Services
Carbon Stored (tonnes) 29,565 76,399 $1,610,496
Carbon Sequestered (tonnes per year) 230 595 $12,538
Evapotranspiration/Cooling Effect: Number of Air Conditioners - Equiv. 322,948 135,705 $21,663,918
Pollution Abatement $589,522 $589,522

Fisheries $- $$%% $535%




Swan Lake Nature Sanctuary -
Overview (48 ha

Swan Lake Nature Sanctuary Dollars
Carbon Stored (Tonnes) 1,784 tonnes
Carbon Sequestered (Tonnes) $3,699
Transpiration (Cooling Effect) $3,603,578
Pest Control Benefit $793,634
Air Pollution Abatement Benefit $313,423

Flood Benefit $72,740
Stormwater Benefit $384,694
Wildlife/Trail Benefit $187,039
Operating and Maintenance Expenses $(425,000)
Volunteer Time Expense $(125,000)
Total Annual Net Value $4,808,806

CAMF must include Natural
Capital (ecosystem services)
Institute “Municipal Ecologist”




Dockside Green: Before (Brownfield)



Dockside Green: After (Concept)
LEED™ Platinum Redevelopment

Resource Integration
Water, Energy, Natural Capital



Regenerative, Adaptive Design






2010 Winter
Olympic Village

Neighbourhood Energy Utility
Rainwater capture
Regenerate marine & terrestrial

ecosystem function



Regeneration of Ecosystem Services & Natural
Capital



Parcel 10






Potable water supply
Municipal infrastructure

City of Cranbrook
SDMZ (1994)

Watershed = expanded infrastructure
Landscape ecology is the curriculum
ES protection — N&P, H,O resource recovery



City of Colwood — Champion City

I e ity . e 77, .
\ . - o= 08

=
oo
Ty e o b S
LT TR — vM‘%ﬁng omp—— - e
» ;o - £ oo 8T T v
2 oggo"oo‘ % ‘ﬂé? %%»"ODO 5 “ %g [ %o"aggyﬁ ‘a% %% < N ng?
P A LT : . AN e
LN A o e AR gy T T T e e
oV g & R, % © 8 o g 90 O, Omammm WO o BB .
$%e. 0, R, & & [y %, e & & =8
P R RN S N
g i P & 3 oy =, “DND’Housing’ & ¢ -
&o %, s 7 {%%% ga@ Q; N IS LS PS B
Qoo w0 ® o= Vg Se/S > @
Yoot % S, o gy, Pt ST g a3 0% R 30 . .-
- olwood) ° 0..L /% S0 8pe 0 BTy o LR-ARY o] & o
% 2" piCreek” &% % ";Z’% oy T & LSt ' = o
7 i A 7 S \ >
\S B %E§€a§e§ a 8 .ga A7 S 2 055 gt 0 S s amn Royal Roads
‘% 3.8 % 248 '8 ™y ;é‘:yc‘?b % S Cafy 3% University g_{ﬁ &
Wy %Ospa % $ ok % 8 LS FTY o8 TS S gy ® !
%o AT “ %%G::; Ca 55 § ; Oy 2%, oS Do e .
4 iy = “pe, et . o
o, 2o 8 g JCONG T i ey SN Kh . . . Fort Rod Hill
5 o %o an %Dﬂm%amq 5’ %Q%wgﬁa% o ga.%% %0 ,,if °% £ 0%%%0 s. @ National Historic Site
o 3 ' SIS . Yoy ] : o o
e ~9¢3“’D%al>ab:b ang% csaggé,m o BT i o ﬁ’%&%“&% . % Py, . 0 W
s 8§ Yo gatse PPN SIS R g s % G N P » N Lo
=3 &, o -
anaﬂ & BatN NS Py gﬂa Seng 2y s 5%0%@%5 9 ° - { Fisg
Neage oy, Joay, ° g9 2 a>g 8 (g QLY Ty Sy @» . \ . .
N oS 0 o v 42 3 s, % “% N gaoi Pos o ~ , Light
s Qag @ % \ B s S S, 859 Sy . s
o sy OG@ Q%«. p% B oo B e TR 2 - y Y .
s 0 ePe ", w /e 2/g = B
R N Pog/as A% %0 “nb‘ i Y aq:f a0y 4 j » S\
NS %, Pose T 17
97 o /S s 7%, ]
q 1 g 84
% . ) %‘@ C)%,D? éYQg 7
2 oo > ‘08 % £/9
P Ug Ridley's 'Pgo% Doy Dé? &
Y0 e Pit § o, 3 b Esquimelt
T O\ I gab s “,5“"@ Harbour /
%3 Ly ss NN /
S
s o s g b2 W% T /
%Dg Il oy s ‘ycgm"uofg%%% y b
o o s S pig SN i /
a T a I} B B e, &% L)
oo o FE o e ] ;’a’v 17‘30%%% \:‘:D i3
¥ F’ shor g u4F Sl (ol v e
g 6o s o s 3§ Pattison's % g LV . %% e YRS A
Quwa)llgg g0 5 (94 Pit g e §is3d °UOO ) < %
w/s'S (& J 58 o g 5y § 4 Colwood  £.& ™ g )a oLt e g%
&water - O E/ L AN
& Hall 4 o & [ o
o s ﬂae B o 4 %GGD By Ty oy Y ” %Q
’ o g y By bogzsoy s 0,
00 0vn 88§ d & "Q"§§ 75 R SN e Q B
(-] 409/ S &g = 3 S, 503 g0, @ =
g SV Ga) oW e o LEo% Bogp,, 172 o & o Padii . /
a - /
A 2% & GD s 2 B8 g §§’®®%‘¥L®§D 4 0050’ By 53:272%% £ & <D>° 5 o QseanQ ‘2 y,
o Trangle & 5 p 0 0s % Gl B’ L8 0TS ey ey 05, N0 20000 QGrove™(y
Mountain 5 (80 @ Ry, % b S 7 (S A0
y ¥ oo 4 § 7 g %%o ?@%n%t’ oo o é""-“ 2% g fgfﬁ’ ‘?9 o Ggp, *P OB R R =
% o gs Us"! RN Pl i O/ R g8 Ny, B8 Loy Ko 2
FOR X o%oogogg 4 -5, LS5 o ’Vg an‘cgmb::fi N e £ Byt s ‘\a%&g S g“&gbd AT
® [ wy e o8 § e %, ol 58 e S G e
DRI S & o Cu 8 d8o S Jeetn S 5, Sl 0% & Yogla S p
a oo g8 & ¥ 0 3 s o Sy e 0, 3 S oo 8 b9 L
soRaiagy  §f @Bpgg 3 % I o g %y dh RSO\ ()Q:éoo&&&%g IS
P I %% Ry See® ALY RIS S) . RS 3078 550, o S G S
E & S S w0 g . 50 %,
AR 2 050%% 8 o i odmd W, TRy, % ia,a 5 PRSP WS L L o N
€ 27 G 4 0 G N o 0L 30 TF g ot o880 489 S, G % 3 I~y
y v VP g, QG . Gy s, oo ol f 0% R, & Yol Sy
T Q\S%%% 0, B N Sag T 300, e Yo v PRS0 s QT g N & s
& f g’motﬁo 3 b7 Sopy owaqls | Fal DQ‘,’@"OD%O g éﬂﬂg G 0309 F Tr o%*%g?b
) o & S LY PRI %
7888 PN e alg kS ¥ 'Dﬂa,%%dm“n &gg)a
Cl e & logo §5 2y EONCRNST s x>
& e ” Faa? 0y, H G TS (TR ToN B0 $,
o 8 00~ o ol 9 w g% < © e % 2
1 i e g Sey g LIS
0 5 4
& o Qe af Iy By &
& o L ey @ )
£ o ] B
# o
3 b

Special Demonstration Management Zone — adopt an IRM
infrastructure model
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Figure 9: Proper Functioning Condition rating by reach for ponds, wetlands, and 0 02 05 1 1.5 2
streams within the McGee Creek Watershed. Only assessed water features are shown. Kilometers
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tream temperature can attect development of Chinook salmon.
The salmon fry are from the same family, emerged on the same
day but were exposed to different temperature treatments
(degree days remained the same).




Habitat Banking

Regenerated riparian
function

Viable investment model
(ROI)

Regulator sanctioned
Lease ecosystem services?



Houston — You have a problem

Depiction of the global carbon cycle )
completely ignoring the active role of inland Lost 90% wetlands

waters and urban forests since 1600




Phytoplankton
Centric diatom
Azpeitia africana

Dimethyl
Sulfide
Production

0O,

We need a 215! Century Moon-shot

Houston — we have a solution

A Regenerative Economy in a
“New Age of Governed &
Engineered Ecology”



One can first of all simply wonder at the fact that 1t
is only recently that humanity has begun to ponder

the evolution and fate of water in the world when the

very survival of our species depends upon it.
(Lord Selborne, The Ethics of Freshwater Use: A Survey, 2000)







Special Demonstration
Management Zones

Consent Decree by EPA — $4-8
bn for traditional WWTP
13 community centers

200,000 popn.




