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ABSTRACT

China’s current catchment planning often
focuses on formulating overall strategies for
flood control and water resource distribution
from a perspective of water conservancy. Usually,
such plans are developed at large scales,
covering a huge territory. However, city-scaled
analyses, technical strategies, or roadmaps
responding to issues of urban flooding, water
pollution, etc. are less integrated into the current
catchment planning; there is also an absence

of comprehensive management methods for
medium- or small-scaled urban water bodies.
Combing with a case study on integrated
catchment management plans (ICMP) for the
Hamilton City, New Zealand, this paper reviews
and summarizes the idea, role, objectives,

key sections, and implementation of ICMPs in
New Zealand, including a series of core tasks
ranging from the trans-administrative catchment
management mechanism, comprehensive and
operational objectives and the technical system
to the integration with long-term urban planning
and Resource Consent requirements. In view of
the status quo and major problems in China's
comprehensive management of urban water
systems, as well as the gaps in the existing
formulation and implementation of catchment
planning, especially the absence of integrated
planning methods for medium- or small-

scaled catchments that have a more direct and
stronger relation with urban development, New
Zealand's experience in ICMP preparation and
implementation reflects a paradigm significance.

KEYWORDS

New Zealand; Catchment; Integrated Catchment
Management Plan; Issues of Urban Water
System
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1 Research Background

1.1 Overview of Typical Catchment Planning in China

Since the 1950s, China has worked out catchment planning

or planning revisions for major rivers including the Yellow
River, Yangtze River, Pearl River, Haihe River, and Huaihe
River. Basically, China’s current catchment planning focuses on
large-scaled rivers that cover extremely wide territories, with
main goals of improving the distribution of water resources,
preventing floods, protecting catchment ecosystems, and
building supporting water infrastructure, so as to enhance or
redefine catchment services, spatial construction priorities,
urban development territory, interactions between cities and rivers,
river flow and flooding control requirements, and water quality
and erosion control requirements. A number of such planning
efforts are developed to respond to the issues of ecological
remediation and development in catchments, particularly on
the layout of main stream-tributary system and reservoirs and
service enhancement in flooding control, waterpower, shipping,
etc. Meanwhile, some catchment plannings are formulated for
water conservancy and development through management and
utilization of water resources, as well as water-soil conservation'".
Furthermore, to improve water quality of catchments as required
by the Act of Water Pollution Prevention and Control, China has
launched a series of water pollution control and remediation plans
in different regions across the country, to formulate relevant
objectives and key tasks.

In the case of the Yellow River Basin, for example, the
Ministry of Water Resources of China issued the Yellow River
Catchment Comprehensive Planning (2012-2030) in 2013,
which clearly stipulates the requirements of 14 indicators,
namely flood (and ice-jam flood) prevention, security volume,
ice-prevention storage capacity, volume in alluvial plains,
surface water consumption, surface water loss, groundwater
consumption, and the water consumption of industrial value
increase per RMB 10,000, irrigation utilization coefficients
of large- and medium-sized irrigation areas, water quality
improvement objectives, COD inflows, ammooinacal nitrogen
inflows, water consumption of river ecosystem, and section
discharge volume. The planning also established six systems: water
and sediment regulation, flood control and siltation reduction,
comprehensive prevention and control of erosion, distribution and
utilization of water resources, protection of water resources and
ecosystems, and integrated catchment management"”. However, due
to the majestic scale of the entire basin, there is still an absence of
systematic assessment and specific resolutions to each city or town
along the Yellow River.
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1.2 Challenges in China’s Urban Water Systems

Because traditional development and construction modes
often do not include important preparations such as assessments
of flood risk, water pollution, and disturbance on catchment
ecosystems, many Chinese cities fail to coordinate urban
development and ecological protection in catchments during
rapid urbanization, resulting in a series of water problems in
both new urban development and downtown areas, such as
increased water pollution, water over-consumption, increased
risk of flooding, and ecosystem deterioration, largely impeding
these cities’ agenda of sustainability.

In recent years, governments at all levels, as well as Chinese
citizens, have paid attention to the comprehensive remediation
and improvement of urban water systems and introduced
initiatives and projects such as sponge city construction
and treatment of malodorous water bodies. China’s central
government has issued a series of policies, including the
Sponge City Construction Technology Guidelines, Roadmaps
for Treatment of Malodorous Water Bodies in Urban Areas,
Action Plan for Improving the Quality and Efficiency of Urban
Sewage Treatment (2019-2021), to promote the comprehensive
remediation and improvement of water bodies in urbanized
areas and environs. Such projects in many cities have begun to
take effects in the improvement of urban rainwater systems,
sewage systems, combined sewer systems, and river management.

Meanwhile, in China, the stewardships and administrative
jurisdictions of urban water bodies still need to be clarified
or redefined. At the technical level, the remediation of urban
water system should often give priorities to the improvement
of urban rainwater, sewerage, and combined sewer systems;
comprehensive control of urban flooding; formulation of
water quality standards for varied water bodies; protection
of urban habitats and wetlands, all of which require
comprehensive, integrated, and synergic planning efforts at
catchment scales.

Currently, urban water initiatives (such as urban
ecological restoration, urban waterlogging prevention, and
sponge city construction) have been increasingly integrated
into the current catchment planning formulated by China’s
government agencies in water conservancy. However, the
planning has less reflected specific assessments on varied
standards of water quality and quantity in different regions by
examining the relationship of catchment and subcatchments
in urban built-up areas; urban runoff paths and the areas
prone to flooding; drainage system improvement strategies
and water resources distribution. It is therefore difficult to
develop practicable detailed plans or roadmaps. Furthermore,
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the Ministry of Housing and Urban-Rural Construction
of China now requires city governments to draw up subject
plans for drainage and flooding prevention, sponge city
construction, and urban water system construction. However,
due to the uncoordinated planning sequence and the variety
of stewardship subjects, there is a general lack of combination
between planning objectives and specific schemes — conflicts
or discrepancies are even found in some plans — making it
difficult to guide the planning implementation. Therefore,
city-scaled integrated catchment management methods
are significant to address urban water system problems
synergically.

1.3 Major Issues to Be Addressed in Urban Catchment Planning

To sum up, the major issues to be addressed in catchment
planning at a city scale include as follows:

1) Quite often urban flooding are impacted by mountain
torrents, floods in upper streams, tides, water levels of rivers,
etc. In other words, a city’s drainage system and its catchment(s)
complicatedly relate and interact with each other, and therefore
either of them cannot be managed or remediated separately'’.

It is necessary to establish an integrated prevention and control
strategy against urban flooding at catchment scales.

2) The water quality of urban water bodies is closely
impacted by that of upper reaches. For example, Jiaxing
City, Zhejiang Province is located in the lower reaches of the
eastern plain of Hangjia Lake, and has abundant passing-
by water resource that is at least as three times large as local
water resources in amount' ", which means that the quality
of urban surface water is greatly defined by passing-by water
resource. The neglect of the upstream-downstream interaction
in a catchment would lead to difficulties in water quality
improvement and a poor investment-return. It is necessary to
formulate different water quality requirements for specific water
conditions and various service demands. It is equally important
to well understand the proportion of different pollution sources
such as urban rainwater runoff pollution, combined sewer
overflow pollution, and un-treated sewage discharge, in order to
develop integrated pollution control strategies for varied urban
scenarios.

3) Urban water system problems should be addressed
through effective coordination among various government
agencies, ranging from urban planning, water affairs, water
conservancy to urban development and environmental
protection, where information exchange, as well as the
establishment of a comprehensive management decision-making
and action system, is complicatedly multi-related.
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1.4 Case Study 1. HPNE/RIET
THERARSICMPAR

Chinese scholars have carried out research on the RFE
comprehensive catchment management and planning in advanced
. e administrative
boundary of the
Hamilton City and the
ICMP catchments

regions such as the United States and European countries —

for example, the River Rhine and Danube in Europe have been
managed within a trans-national framework; the Tennessee Valley
in the United States has been managed in a multi-level and multi-
sectoral method. Such research focuses more on the coordination
of management objectives; the establishment of legislative and
management systems; monitoring and evaluation methods;

and public participation mechanisms"”"*’. However, medium-

or small-scaled, cross-administrative management cases where
catchment management is closely related to urban development
are less studied. This paper introduces the integrated catchment
management plan (ICMP) in New Zealand and analyze the
relationship between urban development and integrated catchment
management, so as to offer reference for China’s practice in
comprehensively addressing urban water system issues through
approaches of catchment planning.

2 The Background, Role, and Comprehensive Objective
System of ICMP

2.1 The Background of ICMP

New Zealand enjoys rich natural resources and is known for its
hilly topography and interconnected water systems, where urban
construction is hand-in-hand with catchment development. In the
1930s and 1940s, New Zealand began to realize the pollution,
flooding, and other problems resulted from urban development.
In the Soil Conservation and Rivers Control Act issued in 1941
by the Ministry for the Environment, New Zealand, the idea of
comprehensive water system management at a scale of natural
catchment was proposed; the first national catchment management
committee was founded in Manawatu in 1943". In 1991, the
New Zealand Parliament approved the Resource Management
Act which serves as a legal framework for the utilization and
management of natural resources such as rivers and oceans by
stipulating the responsibilities and targets of governments at all
levels in protecting natural resources'’. In view of the fact that
the water quality and quantity in upper or lower reaches of a
catchment should be coordinated as a whole, the idea of integrated
catchment management has been more and more emphasized by
all governments across the country, putting forward that ICMP
will be developed based on natural catchment boundaries.

ICMP is a comprehensive water system planning and
management method that focuses on natural catchments and
analyzes potential impacts of land use changes on water systems
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during urban development by combining different disciplines
such as Hydrology, Engineering, and Ecology, to improve urban
rainwater system while facilitating the integration of stormwater,
wastewater, and portable water systems. Each government is
asked to develop urban planning with its ICMP to ensure urban
sustainability. For example, the ICMP of the Hamilton City,
New Zealand covers the catchment territory of its natural river
network that is much beyond the administrative boundary of
the city (Fig. 1).

It is worth noting that ICMP not only addresses issues
of water systems, but also covers ecological, recreational,
and landscape management, as well as heritage and cultural

protection”.

2.2 The Role of ICMP

New Zealand’s regulations and plans for the integrated
management of natural resources (e.g., rivers, soil, oceans, etc.)
are developed at three government levels, including national
laws, regional policies and plans, and local planning and related
standards'™. Particularly, regional policy statements and plans
of natural resource management are formulated according to
the National Resource Management Act; and, upon the regional
plans, local governments are asked to develop district plans to
guide urban resource management and to conduct structural
plans for specific implementation that in turn might be part of
district plans. At the same time, in Zelanian cities, for an overall
control of the environmental impact of land development, all
land development and engineering projects of a certain scale
are asked for Resource Consent application. Under such a
legalization and planning framework, ICMP plays a significant
role in the following two aspects:

1) Supporting district planning, structural planning, and
long-term urban development planning. The former two are
used to guide specific urban development and construction,
while the latter is used to navigate urban development and
inform important infrastructure projects and funding allocation.
For the integrated water system management at a catchment
scale, ICMPs stipulate the requirements for urban land use and
construction and incorporate water system construction projects
and implementation plans into urban long-term planning"”.

2) Supporting Resource Consent application. In New
Zealand, Resource Consent is issued for a better protection,
restoration, and utilization of natural resources during urban
construction. Land development or engineering projects that are
asked for a resource consent application require preparations
of detailed management plans to guarantee the development

or construction process meets COH‘CSPOHdng requirements
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Table 1: Strategic objectives for Hamilton City’s ICMPs

g =ty

Strategic objectives

EEEK

Description

HFRKRGRY

Protection of freshwater ecosystems

$5r. RIPFRIBFKESREMARHKRG, RIPEZNTHEKESHBRXE
Maintain, protect, and enhance freshwater ecosystems and natural drainage systems; protect
ecologically sensitive areas of significant values such as wetlands

Flith & 2SR G AR

Protection of terrestrial ecosystems

G5 RIPFHRFIA T A SN, AT AEYR ST

Maintain, protect, and enhance indigenous biodiversity, terrestrial ecosystems, and fauna habitats

MR EE
Stormwater management

BEESMPINRITES, RUERDNEKER, BRNBRKERREEHEE, BN THE
MAFIZN, TEEIE: 1) RYKEKNKESKEZN; 2) HENEAZME; 3) b TRKEINE
g 4) HERKE A RERAIR

Encourage and enable low impact design, reduce impermeable surfaces where possible, utilize
on-lot treatment devices to minimize adverse effects on downstream on: 1) receiving water bodies
in terms of quantity and quality of stormwater discharges; 2] locations and communities subject to
flood hazards; 3) groundwater levels; 4) baseflows for freshwater systems

TSKEHE
Wastewater management

SEMKERRHRR, MENSREERERTERD

Dry weather overflows are prevented and wet weather overflows are minimized

HOKER
Portable water management

BOKRHRIREARRMERE. Bk, TWHEK
Water supply is planned and provided to meet existing and future domestic, commercial, and
industrial water demands

“=ok
Three-Waters management

WMWK, 5K, HKHGEEE

Integrated management of urban stormwater, wastewater, and portable water
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Table 2: Operational objectives for Hamilton City Council’s ICMPs for Mangaheka

iERR
Operational objectives

EBER

Description

HFFRIR T T B AR TR R
Maintain or enhance Mangaheka
Stream water quality

1) SIEKFRERRAER R CRAFI IR H 24K 58K KERFE (2000) ) FA9HEXER

2) MAKBRHNRZVEBRETLEITFYT5% M L, BN EROBRGETE—LHER
AXRELBNERER

3) TRe MK EAGRE T, SRR IE IR R A T B R A EI80% M

4) BRKFEHRETEBREER, WNHERRMELES, WHRSERYELSEELEER

1) In-stream water quality and sediment are referred with ANZECC 2000 ( Australian and New

Zealand Guidelines for Fresh and Marine Water Quality )

Stormwater treatment devices must achieve at least 75% sediment removal on average; devices

serving road should be suitable for the removal of hydrocarbons and heavy metals

To avoid increases in temperature in downstream receiving waterways; wetland vegetation cover

2

3

must exceed 80% of the device surface area
4

Where it is shown that a single device will not address receiving environmental sensitivities, a
treatment train approach should be adopted and to minimize temperature effects and maximize
contaminant removal

A3 B RK AR B &
Minimize alterations to natural
flow regimes

BITRLMKERIEHENE. ERIEWRES, BOMKHESTER R, £ERbAZM,
EHIERKR

WKHE A RIGHERGKERRT, NERERIFTRNE, RHFKERIMIRE. RE. R
%, MAXIERBLEIN R RIAT R R AT ER

3) FUKHE AR IR BARR A ERE SR IR RE

1) Measures such as on-lot treatment / detention shall be required to mitigate bed erosion and the
impact on fauna habitat and to minimize runoff pollution

Extended detention shall be provided at discharge locations to control flow volume, velocity, and
scale, refer to the HCC ITS

Energy dissipation and erosion protection measures are provided at all discharge locations

2

2

3

KRR

Utilize water sensitive practices

1) ST RELMFAFERT, BUWKERAITHIELIE

2) KSR MRS AR AR B A

1) Where on-lot and soil conditions allow, stormwater shall be discharged directly to ground via
soakage

2) Atreatment train approach of "water sensitive practices” shall be adopted

RIVTRES
Promote riparian ecology

FRERIEREIX B SESRE
Riparian planting and eco-engineered banks shall be encouraged

RIHERAREN
Improve flood protection level

1) SMNFUKRHRE, BRE10F—BHRRIEEREEREIFLEH70%

2) RHBMTHBRFERBESHSRERE, FNESERAEHE

1) Where existing flooding is known, peak flow management is generally required with reduction to
70% of predevelopment flow for the 100-year storm event

2) The use of property for overland flow paths and floods shall be avoided

R KRB EFER S K HERL
Minimize water consumption and
wastewater discharge

1) SEANFIKF A

2) MSKEMMEERFER, ROBR. BESEM

1) Increase rainwater re-use

2) Infrastructure operation and maintanence to minimize inefficiencies such as leakage and illicit
discharge

SZERKRREE
Integrated water management

WHKRGNEERAINRIT B EEEEHHTAK, 75K, FOKMEEXR
Plan and implement networks of stormwater, wastewater, and portable water in urban water system
management

AR

Protect cultural values

FRIFERALEY S XUFRXE

Protect native eco-sourced plant species and areas of cultural sensitivity

ZFsRen

Economic affordability and safety

1) GEXEEHRENSEGRHEA

2) REHRITHBEHRBEXRZEHER

1) Stormwater management systems are cost-efficient during long-term operation and maintenance
2) Stormwater management systems are designed for public safety
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in resource utilization and protection. Sometimes regional
governments are asked to prepare ICMPs as supplementary
documents for the application of Stormwater Discharge
Consent; to the regions in a large-scale catchment, when the
preparation of ICMP takes a relatively longer period of time,
development and construction projects can conduct ICMPs as
one of the Conditions of the Consent.

2.3 The Comprehensive Objective System of ICMP

The ICMP objective system consists of strategic objectives
and operational objectives. Strategic objectives (or overall
goals) are often determined according to relevant national
and local laws and policies, regional plans and policies, urban
development strategies, etc. Operational objectives refer to
specific indicators or standards that are used to guide district
planning or construction planning.

Concentrating on the case of Hamilton City, New Zealand,
this paper introduces six ICMP strategic objectives, namely
protection of freshwater ecosystems, protection of terrestrial
ecosystems, stormwater management, wastewater management,
portable water management, and Three-Waters management
(Table 1). In particular, the requirements in protection of
freshwater ecosystem, stormwater management, and Three-
Waters management are closely related to urban rainwater
control and utilization'".

Hamilton City’s ICMP operational objectives are formulated
upon these strategic objectives. In the Mangaheka catchment
(covering an area of 2,080 hm®), for example, its implementation
objectives include maintaining / enhancing stream water quality;
minimizing alterations to natural flow regimes; utilizing water
sensitive practices; promoting riparian ecology; improving flood
protection level; minimizing water consumption and wastewater
discharge; integrated water management; cultural protection;

[11]

and economy affordability and safety (Table 2)

3 Key Sections of ICMP

The ICMP key sections include Catchment Description,
Issues and Objectives, Best Practices Options, and
Implementation Plan. Formulation details of each section are
presented as below.

3.1 Catchment Description
3.1.1 Land Use

This includes reviews and analysis of the history, current
status, planned land use, and traffic conditions of a certain
catchment.



3.1.2 FHARIREG

FEHIE . KR KSCHLT . 3 ROK 420 K KoK A A
IRINE SRR A0 HT o Hor, KRBT NS R B4 1) V55 T3 by
(FETF 7 b SR A R A AT, %o 2 24 ir %) it 7 e AU B e Rk
A AT B A S BEA T 400 ) 5 2) FEEIOK R TRTS Yl
BLOIHT; 3) EEOKRMKBEO T 4) WK S . &0l i
TS YK R E RS YRI5 Y AR AT . IR T N ICM PR 2K
B H AR KA i e PR RS o KT EEAAE . 1) BRI
W 34T (A HUASALL ,  DAFRK T 82 R (i) 79 A4 D7 TGS BAR S A Ok -
Hi R H 25 AR B TR] DX e 5 XU AT 404 ) 5 2) RV 43 B
(X - bR AT R A HE K T . PSRRI 8 199 238 Ak T 3 ™ 2B 4= ol
WESHAT T ) 5 3) HIRARTIEARIIHT (T IR B + R
B, RBIFE 1004 — B ZA M 4 F bR TIEAS, DALAE T R0 F
B .

3.1.3 MH{E BT
AL IR BB P K A | il A R ] A W 2R T A S S A
T R SCARE T . B ER B e R 28 AT . R TR .

3.1.4 BLARIK R Bt o BT
24 HAAH SRR, X ek R P TE K &R L TR R SR
% Bk 2GR PUIR ARSI T 08T

15K &R

3.2 MBS HARBEE

TR BUIR A9 20A , 5 5 DR3P AN ] 537K DX s ) = 2 )
R, TIN5 5 R DR B 25 4 DRI B AR DG KR, B TC MPRY s F
PR B ALK IX A SEE H A o ATARFETC M PR s AN TR SEE F AR A
W5 F AR AE T SE BUA R RRIE , JF455 A [ DXL AR 2 PR ARV T2
SMESRRIE, 8 2R P R WA [R] I K XA FE B S S S
9 (F3) M,

3.3 meflHfiEt%

TCMPH BT HAA R U H ARl AR R P e, — e iR KA
LT BUKEEL, KRR, Bk, SImEHIcMP
H ] AN TR) 208 R 15 T AR SO, 9 3 2% DX I L AR ) F AR
BEE A SR A B AR L MSES BB 268, MR LR A A
JE T o U 9 L PN S [ DX A S 2 1, R4 T B A T F)
PEe, IR N FREE | 2257 . #5507 AT 28 5 AR
P o AR SR U ZR T i LA U C M PR B R KA BRI AR G
SRR B B AR ESR
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%3: ICMPHARFLKKMRERITFIIRERHE

Table 3: Subcatchment scoring criteria in ICMP

Btz b1 BE EHRE
Objectives Indicators Score Scoring guide
FREE =&KX
FILKX Developed extent 0-5 S=E L
Subcatchment 0 =no development
5=100% development
SRR E 0=TCi37
Wastewater overflows 0-5 5=E R (IREATS 000m’/E, RRSERMRS T4R/E)
0=none
5 = high (5,000 m® per annum with 4 events per year)
KR EYE O=-TRMEME
Microbial level 0-3 =EHEYE
0 = high water quality (low bug counts)
3 = low water quality (high bug counts)
N KR EBRIEE 0=7%
Water quality Chemical contaminants 0-4 =EER
0=none
4 = high
IKARS Mk A9 AT 0-5 WIERREBII IS ST
Water quality for swimming Based on beach guidelines by the Ministry for the Environment
X F LSRR 0=TC54 0
Impacts on marine ecology 0-4 4L=BEFmM
0 = no impacts
4 = significant impacts
ROpRSEH DA 0=TC 58
K& Impacts on flooding 0-5 5= Z 0
Water quantity 0 = no impacts
5 = significant impacts
ERIEIE/IR R/ ZRNME =&
{EFNE /IR R/ Amenity / recreational use 0-5 5=aE
Amenity / community 0 = no recreational use
5 = high recreational use
UL E 0=-EME
peia Cultural values 0-5 5=miME
Cultural 0 = no cultural value or sensitivity
5 = high cultural value or sensitivity

3.1.2 Natural Setting

It analyzes natural and environmental conditions such as

topography, water system, hydrogeology, soil and erosion, and

water quality and quantity. In particular, water quality analysis

covers: 1) land pollution (current pollution risk assessments

and possible impacts by land use changes through historical

and current land use studies); 2) sediment pollution in main

water systems; 3) water quality of main water systems; 4)

pollution load of main pollution sources such as rainwater

runoff pollution and combined sewer overflow pollution. Such
analyses would inform the determination of water quality
objectives and the selection of control measures. Water quantity

analysis covers: 1) flooding risks assessments (of different areas
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x4 REREHRIEHF-RRIEI CMPRK SRR AR ERE
Table 4: An example of Hamilton City Council’s ICMPs under HCC ITS

Rk EiRE

Catchment stormwater runoff control

it

Requirements

N AR AT IRE
Extended detention

ATARRAN 258K BHRHI AR

RIS F R BB FER AR, KEIE S AR IR TR E A 24mm
1.2 x the water quality volume

Water quality volume is assessed using 24 mm (24 as per HCC ITS)

FUKRIRHEBKERIES

Stormwater runoff water quality control

it

Requirements

3 KT EBRERIAF]75% X £
SS 75% removal on a long-term average basis
a7 REF0.88g/m*

Ammooinacal nitrogen

Less than 0.88 g/m’

BE ET23°C, NRYPAKERENFINAREILIC
Temperature < 23 °C; existing water temperature charge of no more than 3 °C
FUKRRHEEEE -3

Stormwater runoff volume control

Requirements

HF

Flooding control

WIE T HHK R GRHREE S, S TAKBIRR SRR AR E—BM0E—8
100F—BEWEMT, FREMIERIEETERNEIREFLFIHIT0%

Attenuation of 2-and 10-year events may be required on-lot depending on the design of the
downstream device

Peak flow management is required with reduction to 70% of predevelopment flow for the
100-year storm event

SRKIKKER

Water quality of receiving water body

it

Requirements

HE WAHENE, ZYAKERERKTF2ENTU
NTU No greater than 25 NTU

me THEBEEN

Color No conspicuous changes in downstream
RIS MEFIRFABHAB0%

CcoD Greater than 80% of saturation concentration

SRS /18X
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in existing and future land use conditions based on modeling
simulation in flooding depth and inundation hours); 2) erosion
risks assessments (of the variety in discharge capacity, volume,
and velocity caused by land use changes); 3) overland flow paths
(that are identified through simulation of 100-year storm events
upon current and future land use studies, to guide land use
planning).

3.1.3 Value Analysis

It includes analysis of aquatic, terrestrial, and riparian
biodiversity and ecological values, historical and cultural values,
recreational and landscape benefits, and economic benefits within

the entire catchment.

3.1.4 Existing Water System Facility Analysis

It analyses existing conditions and planned scenarios of river
system, stormwater system, wastewater system, and portable
water system through a combination with other relevant plans.

3.2 Problem Finding and Objective Determination

Upon Catchment Description, main problems of each
subcatchment can be identified; then, according to the
requirements in regional plans and district plans, ICMP
strategic objectives, as well as operational objectives for
each subcatchment, are determined. The important level
and implementation priority of various subcatchments can
be determined by evaluating the influence degree of each
operational objectives on the realization of strategic objectives,
together with the scoring criteria for varied conditions in different
areas (Table 3)"*.

3.3 Best Practices Options

ICMP also needs to select control measures to address specific
problems and to accomplish corresponding objectives. Basically,
options of best practice include stormwater management,
wastewater management, portable water management, and
water system remediation. First, each city formulates ICMP
general guidelines applicable to different types of measures;
then, on account of specific control targets, facility design
standards, parameters, and application scenarios are determined
and a database of all kinds of measures is established; finally,
best practices options are selected for specific implementation
situations in different subcatchments and comprehensive benefit
assessments (e.g., environmental, economic, social, etc.) of the
selected measures are conducted. The technical standards of
different stormwater management measures in the ICMP of the
Mangaheka catchment in Hamilton are summarized in Table 4"



3.4 SCji

ICMPI 3Lt 3 ZE5E i LA LR K

1) KA BRI AT o TCMPAS B B 6 22 5 AR
W, RS DR IBCRE T VPN A8 IR 7T S 4 ek i s Sy 2t
THBEERA, MR A OCEOR P S B M R | B . T
PRI 45 3 R

2) AN R TERIE S M BUR AR T, RZ 0T
Sl My B . AN, B2 E T O R K A,
TCMPHVERXTIR T R A B A A DG BER A it I LA 2 A

3) HE G, FHEXTCMPH KA BURM A G BRI 1 HE1T
SN, DAGRIEBOR 78 TR 1F AT 8 it 55 2R 5l o A U 75 38 2 e il
BR, RN RS A PR . I B R R . RARAEE
FTAHMREG I, 38 32 A 5 00 3 547 B Do) 246 2k [ R 25 2 T =X, i ik
ICMPIAHE] FRRE= Sl

4) W STEAL . FERHIICMPS , 385 7 1 S il AH I 0 W -3
Xof FE I AR B B B R (BN XK i R TR RIROR S ) BT
W PEARFISLAR, SN IR ST SEICMPAH DGR 75 5

4 BESEER

4.1 ICMPHZRHIERES

TIEE S IR U R RS TR, WREINIK ., J5K. ik
SRR RGN, W SR S SRR BT, DL
It DX ) 255 AL AR R O TR AL WORTT VY 221 C MUP ) BEAR 2 i 25K
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3.4 Implementation

Common approaches in ICMP implementation include:

1) Incorporating related requirements as part of Resource
Consent. Technically, ICMP is not statutory in New Zealand. In
many districts, its legal validity is obtained by being considered
supporting or supplementary documents for Resource Consent
application, so as to guarantee the implementation of relevant
requirements into statutory plans such as regional plans,
construction plans, and long-term urban plans.

2) Incorporating into local laws. Upon New Zealand’s
Local Government Act, many cities have developed their
own regulations for local practices. For example, the City of
Auckland has established its Stormwater Bylaw that integrates
with the ICMP requirements on urban stormwater management
and enforces the implementation.

3) Education and training. Government agencies involved
in the ICMP implementation are asked for professional training
to ensure officials can be proficient in Resource Consent
examination and approval and to guarantee different agencies
working in coordination with each other. At the same time,
public education for developers and citizens is also necessary,
commonly in forms of online learning, FAQ, etc., facilitating
the promotion and application of ICMPs and strengthening the
planning scientism and rationality.

4) Monitoring and evaluation. As part of ICMPs, monitoring
plans are also required to monitor and evaluate the performance
of control measures (for example, in regional water amount and
quality), which also help inform, adjust, and improve the ICMP
standards or requirements of such measures.

4 Summary and Enlightenment

4.1 Summary of ICMP Key Points

Integrated catchment management is systematic and complex
that not only covers integrated water system management of
stormwater, wastewater, portable water, etc., but also stresses
the coordination with ecological, landscape, and cultural
management, as well as the establishment of comprehensive
management mechanism across administrative jurisdictions.
Learnt from New Zealand’s ICMP experience, especially the
application and implementation by the City of Hamilton, ICMP
key points can be summarized as followings:

1) In Hamilton City’s ICMP for the catchment of
Mangaheka, a comprehensive analysis of water system
issues within the entire catchment plays a crucial role in the
determination of the accountability, objectives, and primary
tasks of water system remediation in the city of Hamilton.

VOLUME 7/ ISSUE 4 / AUGUST 2019



SRS /18X

2) DI DX A% DAL B R o AICMPES LRI H s 0 i ] P
FHATLVA Y, HF 2L XSO A%, S 2 T R0 Sk ¥ L
BIRIZK . 57K SR ZRGE MRS, ol AL A 4 o) B B AR SR, ik
— 2P XY A A O TR S B AR A R ZOR AT B 40 AL . T
FEXTH S ARSI IXBR ( RARTTIE | B . MRS ) , EZNEHN
XA SIS RIS 8] | AR B S i s AR DG AR 3P 2K

3) R BRI E LA AR RO BCEFRAT AL . ICMPELHAE ] T 31X
M BRI T A, PREE TR ALt s[RI, TCMPRT
FLEMSS TRV, ABMHIT AR B, MICMPRIIRAT
Peft TR, BN, 20114F, BRUR XEUR #3272 R W EUN
FRZKHERCF AT, SR R BUNAE 1048 A 4 ] 58 OFSSHEICMP,
8 3t 2 SR R K HE R T 30 3 4 BT A

4) SR YETT R PEAE B b HAR DG R B 2R 3 T o SRTITRI K R GE R
LA E LT RICMPECON EE RO . — 7T AT RE t 588 2275
KRG, WTE K BURA SR I UK E 28m, X mK /5
(7] R A figp R 2 R A AT R RO F R R TT 1) 5 55— T, T T R L
B4 SR K SRR S 5| A T 0 | KA e . T3 A5 R ok 252
ARZAEIIA BRI o P, MREE 1 SRK SCIR PR 09 £ BE R, kTl
FK RS E5 A PR R 3 A B AL N o FEBLEERE I, 38
WLR A T B | V5K AR AR P A AR A SE R e, SRS
BLiE Hbr.

5) ZAMIZEANSETT LRGP o EEf DRI e e A i ) 3
REFG TR, B TR E 1K AR ROR IR T A R AN, e
RS BUNE B | RRE . TRBEARARELHE ., JTER ., il
FOARSE M 25 AH G 1 I k2 A B L . WO 45 R S g B ER Y
— BRI, ARXER R o838 A ISR AT A R

LANDSCAPE ARCHITECTURE FRONTIERS / PAPERS

039

2) Urban areas are hotspots in catchment planning and
management. ICMP objectives and sections target more
on urban areas, concentrating on addressing water system
problems by developing control aims and technical strategies
on urban stormwater management and wastewater treatment
and stipulating criterion of key indicators and techniques.
Meanwhile, for non-urban areas (e.g., natural rivers, wetlands,
forests, etc.), ICMPs focus on developing requirements for the
protection of ecologically / culturally sensitive spaces, and the
improvement or control of water quality and water quantity.

3) Clarifying planning purposes and establishing supporting
implementation mechanism. ICMPs can greatly help the
implementation of district plans, construction plans, and
long-term urban plans. Also, ICMPs are used for Resource
Consent approval and incorporated into the management of
land development, providing a legalization and enforcing the
implementation of ICMPs. For example, in 2011, the Greater
Wellington Region Council consented the Wellington City
Council on stormwater discharge on the premise that the
Wellington City Council shall complete and implement its
ICMPs in ten years for all the catchments where stromwater
discharge is consented'”.

4) Emphasizing the coordination and synergy between
stormwater management and other urban management realms.
Integrated management of urban stormwater systems is the
core of ICMPs. On one hand, since New Zealand has achieved
a high level in sewage system management, water quality
control, and ecological protection, stormwater system issues
have attracted an increasing attention in urban development
agendas in recent years. On the other hand, the impact of
urban development on natural hydrological processes has
aggravated urban waterlogging and flooding, water pollution,
river erosion and soil loss, etc. The reasons together lead the
integrated management of urban stormwater system, as a means
of hydrological restoration, crucial to integrated catchment
management, upon which all the objectives can only be achieved
through a combination with systems in urban water supply,
wastewater treatment, and ecological protection.

5) Coordination among multiple stakeholders. The
stakeholders in catchment management usually include
government officials, policy makers, experts (such as engineers),
developers, and ordinary citizens. In addition to the technical
advance in stormwater management and wastewater treatment,
increasing stakeholders’ awareness of integrated catchment
management is also important. Without stakeholders’ ideological
and operational support, integrated catchment systems would
collapse sooner or later.
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4.2 Enlightenment to China’s Practice of Catchment Planning

In view of the status quo and major problems in China’s
comprehensive management of urban water systems, as well
as the gaps in the existing formulation and implementation
of catchment planning, especially the absence of integrated
planning methods for medium- or small-scaled catchments
that have a more direct and stronger relation with urban
development, New Zealand’s experience in ICMP preparation
and implementation reflects a paradigm significance.

1) Upon the existing integrated catchment planning in
China, special analyses on urban stormwater, wastewater, and
combined drainage systems should be introduced, coupled with
the coordination with urban drainage and flood prevention
planning, sponge city construction planning, etc. to determine
consistent comprehensive objectives, technical strategies, and
measures at catchment scales.

2) Establishing a comprehensive water quality objective
system for catchments that meets various service demands and
applicable to local conditions. At present, the Environmental
Quality Standards for Surface Water (GB3808-2002) is adopted
as a nationwide applicable standard for water quality control.
For local practices, however, a gradient of water quality
standards is required with an understanding of upstream-
downstream relationship in water quality and other ecological
and hydrological demands. The catchment water quality
standard system of local conditions guides the subsequent urban
water environment management work in a more realistic way —
economically, scientifically, and sustainably.

3) Strengthening comprehensive risk assessments on flooding
and urban flooding within a catchment. Through a systematic
study on the reasons of urban flooding in recent years, it finds
that topographic alterations, together with the lack of protection
and underutilization of key water storage / regulation spaces
and overland flow paths, resulted from urban development and
construction are the culprit. Thus, integrated solutions to urban
flooding based on an overall analysis on upstream-downstream
interaction and flooding territory is essential to urban catchment
planning.

4) Coordinating with urban development demands
by integrating catchment management objectives into
statutory construction requirements in urban planning
and management processes. Upon catchment planning,
comprehensive water system objectives and roadmaps are
formulated; technical measures and construction plans can
be implemented as statutory requirements of urban master
planning and regulatory planning, or discharge consent

requirements.
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