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Systems thinking



AR GIhiLdiledis a holistic
approach to understanding and
addressing problems by
examining the interconnected
relationships and dynamics
within a system.



Causal loop diagrams

Rocnall Infiltration/

evapotranspiration
A\ (¢

Runoff



Urban S

growth }

Impe_rvious +)

_ areo
) w(_)

Infiltration/

Rainpa“

evapotranspiration
Time of w) Contaminants
COnce,n‘tr‘a'tnon Groundwoater level/

Runoff Stream baseflows

LN

Floodin Streoam " Water
v erosion quc;\h'tl/

)



Urban S

growth *

Impervious
areo



Impervious

(__) areo

\'u

Rouintall Infiltration/

evapotranspiration
Time of (+) O
concentration

Runo{:{:-

)

Contaminants



Time of (+) Contaminants

concentration
)

Groundwoter level/
Runctf Streom basePlows

N

Floodin Streom " Water
7 erosion qu 0\[;-1;7

)



(+) I nf |'|:r‘a\'t}on
Inbltrotion/ & devices

evapotranspiration

A’t’te_nuo\'tion/
detention

)

)
Water qual?‘t(f

Conveyance Flooohnsr Streom | Water ‘_/ Treatment
-_ erosion quah‘bv

C.oxpogci‘[',({ =



(+)

Impe,r‘vious

area
Carbon e Infiltration (+)
eriSSIons R’oﬁwpa\“
(+) (+) w
A’t‘te_nua‘tion/ ) (+)
detention
(+) ‘
(+)
Costs Water quality
(+) Conveyance tTreatment
w Y
cckpoxc.‘-'ty v

Urban heat
Islomci effect



Carbon

emissions
(+) Groundwater level/
Streom baseflows
Costs F-lc:oolm& Stream Water

erosion quaJn'l'-L‘(

. (+) ) island effect
aPe“tcf 4_——/

F‘mper‘ty/ asset Re,cewma environment
cla-.maﬁ-e_ heao [th



Carbon

emissions
(+) Groundwater level/
Streom baseflows
Costs F:looalm? Stream Water

erosion qum' l'tl’{

(+) / (+) U"‘EIO\“ I‘\eﬂ't
(+) ) icland efPect
Safet Vi 4_——/

Pmper“ty/ asset Rece;uma environment
ol risk health

r:l.mo\ﬁ-e
\ (+) )

Humon health + 4
we_“l:e‘mﬁ, <




(+/-)

T (+/-)

F’Ia\nﬂin& rules/
E.pa\'tia.| Pfamn‘m?

() /:':":‘* +)

[

)

Carbon
EMisSSIioNns

(+)

detention

‘RE*_} Conve,yancg

Attenuation/

)

)
-y )

Fl c::r::rclmﬂ

capmcrty o
(+) ‘/
(+)

(+)
Costs
¢ (+)
Exposure of

T (+)

Vulnerabi I"t of

'L+f’}

Buu Iclmﬁr c:cxle
regu|a'tir::n5

\pmper‘ty/ assets pmper’ty/ qssgts

growth *

b= Impe,rv‘;c-us.

Ra\inpml |

evapotranspiration
Time of N}
concentration Groundwater 1e_ue,!/

oreo

)
(+)

Infiltration/ ‘/’_ devices

RunofR Streom baseflows

F \.
Stream (4 Wa\'ter
erosion qu&l"tlf

\ (+}

nsk _
/ EHEI'QCHCY
management
Pul.lic
\ e,oluca't‘m )

<

Infiltration (4)

Cortomi ur‘u:a\|r'|.‘t.':5.W

Costs

+)

Waoter quo\h'tlf
treatment

(+)

(+)

\{

Urban heat
) island effect

)



(+/~)

(+) . B Urbon
growth

Property/asset

voooo o
Exposure of Vufnemb?li‘ty of

(mperty/m:.sgts property/assets

r (+/-) (+/-)

Plc\ﬁﬁlnﬁr rules/ Bui[oling code
'.-_'-.pa'tia\[ plann‘m& re,gu[a\‘tiong

> Impgﬁfious
areo



Urbon (+)

L thh *

J > Impe,w‘nous

Corbon (+) Infiltration ()

emissions . Infiltration/ ‘/_' devices Costs

RG\MPO..”
evapolranspiration
(+) (+) Time, of w?! Corntominants
(+) P o/ concentration Srroundwoter level/ »
cnuee ) Streom baseflows (+)
(+)

detention
G+/5) Woter quali'tt‘; (+)
Costs
‘E:E CDHVE_?G\HCE, 'tr‘e,a'tme,ﬁ‘t
capacity \ J
(+) Urban heat
) island effect
Pmpeﬁtl{/aaae't SG«PE"C‘;' Receiving e_nu.rcnme,n't
o..marj-e, risk ‘B hea [
V f . Emgrggn-:l{
A J ) management
Exposure of Vu!ﬂe.l‘ﬂb!l"t of Public
property/assets PmPef‘ty/ﬂE-ﬂ&‘tﬁ education )
‘_
K T’L*‘f*} {,,-;L} Human health +
Wﬁ“bﬂlﬂf{ <

Plomn‘mg rules/ Buu[dmg code
'.-_'-.Pck'tia\[ plann‘m? re_gu[actiong



Sponge cities and WSUD are
examples of systems thinking

 Integrated urban planning
 Broader objectives

« Nature based solutions

» Decentralised management
« Community engagement
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FIGURE 1: NET FISCAL IMPACT OF AN ADDITIONAL HOUSEHOLD, BY DENSITY

$3,000 - Medium-high
denisty

$2,000

$1,000

$0

($1,000)

Average across NZ

($2,000)

Rates revenue net of infrastructure
depreciation & finance costs

($3,000)

Key assumptions:
Rates revenue: $4,500/household /
Interest rate: 5% Greenfield

30,000 40,000 50,000 60,000 70,000 80,000 90,000 100,000 110,000 120,000
Marginal infrastructure cost per new household

($4,000)

Source; Sense Partners
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SpongeCitiiz “EI‘ICOLI I‘age upwa I‘dS

Ll development in

' preference to

outwards sprawl and

infilling back yards, to
leave more green
space avalilable to

wp | absorb water”




Green space
(percentage of urban area)
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Source: Data from Martin ot al. (2022h0)

Are we building harder, hotter cities?

The vital importance of urban green spaces

March 2023

Parliamentary Commissioner for the Environment
Te Kaitiaki Taiac a Te Whare Paremata




What we build
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Existing (EX) conditions (before infill)  Business-as-usual infill development  Alternative infill development
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Bernoulli Gardens, Hobsonville
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Total number of vehicles Number of vehicles per 1,000 people

More than 4.5 million vehicles in 2021 889 vehicles per 1,000 people in 2021
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Figure 1: Total number of road motor vehicles over time, and the number of vehicles per
1,000 people.



ISUPERBLOCKS MODEL
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More
efficient use
of
impervious

Use of green
roofs and
retrofit
opportunity

Reduced need
for new SW
infrastructure

Less impact
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“The size of the challenge is too large
to fix by simply investing
more.....Rather, we need to invest
more as well as reduce demand,
increase efficiency and do better

integrated spatial planning.

We cannot build our way out.”

‘New Zealand’s Infrastructure Challenge: Quantifying The Gap and Path To
Close It’ Sense Partners 2021
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Questions? Patai?

jhodson@tonkintaylor.co.nz
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Further reading

Copyrighted Material

Thinking in Systems Sponge Cities
Prin Can they help us survive . .
more intense rainfall? Are we building harder, hotter cities?
Donella H. Meadows -
A REPORT BY KALI MERCIER The vital importance of urban green spaces
[ 4 A b August 2023
March 2023

Water Sensitive Outcomes
for Infill Development

Final report

wsp \ Helen

Parliamentary Commissioner for the Environment
Te Kaitiaki Taiao a Te Whare Paremata
Copyrighted Material
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