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Abstract: India and China are among the two most populous countries in the world that concomi-
tantly incur substantial flood-related losses, and both countries are also experiencing rapid urbani-
zation. This study was conducted to trace the major urban flooding cases in these countries between
2014 and 2020 and probe into their existing flood mitigation policies with special focus on China’s
Sponge City Program (SCP). A systematic review using preferred reporting items for systematic
review and meta-analysis protocols (PRISMA) was conducted. Results showed that both these coun-
tries experienced comparable challenges in terms of the need for localized low impact development
(LID) planning given their extensive geographically induced diversities. Improved inter-govern-
mental and inter-agential coordination, new avenues of funding involving public and private en-
terprises with accommodations to source local products and services to boost local economies, im-
proved practical and technical understanding for working professionals and improved community
acceptance and participation are also recommended. It is concluded that India should try to focus
on holistic urban water resilience as China does with its Sponge City Program and that China should
take a cue from India’s contractual and tender-based private service sourcing methods to tide over
its financial setbacks in order to achieve its ambitious targets for 2030.
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1. Introduction

One third of the earth’s area is susceptible to flooding affecting 82% of the world’s
humans [1]. Globally 104 billion USD per year is spent on flood damage and related losses
[2] with 95% of all extreme event-related deaths occurring in developing countries [3].
Floods are the most frequent natural disasters affecting urban areas worldwide and their
effects are exacerbated in developing countries due to socioeconomic disparities, poorly
developed infrastructure, unplanned change in land-use patterns, changing climatic con-
ditions, inadequate flood mitigation systems and heightened speeds of urbanization [3,4].

Currently, 55% of the global population lives in cities and this number is predicted
to reach 68% by 2050 according to a UN estimate, with most of these migrations touted to
occur in Asian and African countries [5]. This kind of migration tends to lead to unsus-
tainable urban expansion resulting in flash floods from precipitation that are further ac-
centuated by climate change and other influencing factors. Flooding is caused by a syner-
gic effect of rainfall, drainage capacities and urbanization because urbanization not only
increases runoff due to increased imperviousness, but also lowers infiltration through
seepage to groundwater tables [6].
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The International Panel on Climate Change (IPCC) stated that Asia will continue to
be affected by floods in the future. Overall, 52% of Indians are predicted to live in cities
by 2050 and, as per IPCC reports, the area and intensity of flooding events are expected
to increase in the country [5]. Even though there has not been an increase in the annual
mean rainfall received in India, the number of flooding events are observed to be on a
constant rise [7]. China incurs an annual cost amounting to 1% of its annual gross domestic
product (GDP) due to floods [8] with yearly floods occurring in Beijing, Shanghai, Tianjin,
Chongqing, Guangzhou, Shenzhen, Wuhan, Nanjing, Hangzhou, Changsha, Shijia-
zhuang and Shenyang [9]. China experiences the highest socioeconomic losses due to
flooding followed by the United States of America and India, which also impedes global
supply chains given the market dominance of these countries [2].

This study aims to trace the major urban flood cases between 2014 to 2020 in Indian
and Chinese cities and explore their policies and management strategies related to urban
flooding with special focus on China’s Sponge City Program. This comparative analysis
compile information on how these policies can be improved in their respective countries
and investigates the suitability of implementing sponge city policies and LID elements in
handling urban floods while aiming for holistic urban water management. The authors
have identified major bottlenecks in the countries’ respective flood mitigation practices
and suggestions for future action are included.

2. Systematic Review Methodology

A systematic review was conducted using the preferred reporting items for system-
atic review and meta-analysis protocols (PRISMA-P) 2015 checklist [10] to create objective
and reproducible results. This study used web of science as the sole database for the liter-
ature search using a variety of search strings and Boolean operators to procure results as
close to the scope of this review as possible. The search was conducted on 21 February
2021 and the results were refined to include studies between 2014 and 2020 only to assess
the most recent urban flood cases and management strategies in India and China. The
year 2014 was chosen as the starting point of this study’s literature review because it was
the year of inception of China’s Sponge City Program, the transboundary applicability of
whose elements forms the crux of this research. The search string results were further
refined to include only peer-reviewed journal articles in the English language.

Figure 1 depicts a conceptual framework of the queries used in this review and Table
1 lists the exact search strings used for each of these conditions and the number of results
obtained as of 21 February 2021. Searches were made to check for the presence of key-
words in the title, abstract and author keywords and included results in which the key-
words were present in either one of the following three locations. In order to find literature
pertaining to urban flooding in India and China, condition #1 was allocated to track floods
in India and included keywords of cities where urban floods occurred between the study
period of 2014 and 2020. Condition #2 focused on floods in China and sponge cities and
included the pertaining keywords. After combining the results of condition #1 and condi-
tion #2, 1782 results were obtained. In a bid to eliminate results that were beyond the scope
of urban flooding case studies, condition #3 was created to include keywords pertaining
to water quality assessments, hydrologic modeling methods and vegetation-related stud-
ies, and the Boolean operator “NOT” was used to eliminate these articles from the results
obtained by combining condition #1 and condition #2. Condition #4 included keywords
specifying precipitation, runoff-related urban waterlogging and floods, which were com-
bined with the previous search results using the Boolean operator “AND” to niche down
the results. Condition #5 included keywords focusing on policies, management and case
studies to drive towards the disaster-handling strategies of India and China and to help
pitch the sponge city concept against its contemporaries during the analysis. Condition #5
was also combined with the previous results using the “AND” operator. Finally, condition
#6 was drafted to include the keyword water in either the title, abstract or author keyword
of the results obtained in the proceeding search by combining the results using the “AND”
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operator. This search methodology yielded 417 results that were related to water and its
management policies or case studies, especially in the areas of precipitation-related run-
offs in the cities of India and China excluding studies focusing on water quality, vegeta-
tion-related studies or hydraulic modeling of imaginary floods in cities that had not expe-
rienced urban floods in the last 7 years. All 417 articles were imported to a new endnote
library and full texts were obtained using access granted by Tsinghua University.

Scope of study
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Figure 1. Conceptual framework of conditional search logics.

Table 1. Details of search strings and Boolean operators used in each condition.

o . . No. of
Condition Logic Search String Results
[TI=“flood*” AND TI = ((“India”) OR (“Chennai” OR “Cochin” or “Kerala”
OR “Delhi” OR “Mumbai” OR “Ahmedabad” OR “Hyderabad” OR “Surat”
OR “Jamshedpur” OR “Guwahati”)) AND TI= (“manag*” OR “polic*” OR
“stud*”)] OR [AK = “flood*” AND AK = ((“India”) OR (“Chennai” OR “Co-
. . chin” or “Kerala” OR “Delhi” OR “Mumbai” OR “Ahmedabad” OR “Hyder-
A Floods in India abad” OR “Surat” OR “Jamshedpur” OR “Guwahati”)) AND AK=y 1646
(“manag*” OR “polic*” OR “stud*”)] OR [AB = “flood*” AND AB = ((“In-
dia”) OR (“Chennai” OR “Cochin” or “Kerala” OR “Delhi” OR “Mumbai”
OR “Ahmedabad” OR “Hyderabad” OR “Surat” OR “Jamshedpur” OR “Gu-
wahati”)) AND AB= (“manag*” OR “polic*” OR “stud*”)]
Floods in » o » _— y - y i
0 China, sponge TI= (“flood*” AND “sponge cit*”) OR AK= (“flood . AND “sponge cit*”) OR 136
. AB= (“flood*” AND “sponge cit*”)
cities
#1 AND #2 1782
Water quality, TI = (“experiment*” OR “lab*” OR “phosp*” OR “pollut*” OR “test*” OR
modeling tech-  “nitr*” OR “micr*” OR “bacteri*” OR “shed” OR “crop*” OR “agri*” OR
#3 niques, vegeta- “forest*”’) OR AB = (“experiment*” OR “lab*” OR “phosp*” OR “pollut*” OR 17,814,347

tion-related
studies

“test*”  OR “nitr*” OR “micr*” OR “bacteri*” OR “shed” OR “crop*” OR
“agri*” OR “forest*”) OR AK = (“experiment*” OR “lab*” OR “phosp*” OR
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“pollut*” OR “test*” OR “nitr*” OR “micr*” OR “bacteri*” OR “shed “OR
“crop*” OR “agri*” OR “forest*”)
(#1 AND #2) NOT #3 809
TI = (“rain”* OR “storm” OR “flood” OR “runoff” OR “flow” OR “drain” OR
“hydr” OR “discharg*”) OR AK = (“rain”* OR “storm” OR “flood” OR “run-
off” OR “flow” OR “drain” OR “hydr” OR “discharg*”) OR AB = (“rain”* OR 1,150,593
“storm” OR “flood” OR “runoff” OR “flow” OR “drain” OR “hydr” OR “dis-
charg*”)
[(#1 AND #2) NOT #3] AND #4 653
TI = (“manag*” OR “polic*” OR “method*” OR “project*” OR “case stud*”
OR “plan” OR “approach” OR “low impact” OR “green” OR “eco” OR “sus-
tain®” OR “techn*” OR “predict*” OR “analy*”) OR AK = (“manag*” OR
“polic*” OR “method*” OR “project*” OR “case stud*” OR “plan” OR “ap-
proach” OR “low impact” OR “green” OR “eco” OR “sustain*” OR “techn*” 12,966,312
OR “predict*” OR “analy*”) OR AB = (“manag*” OR “polic*” OR “method*”
OR “project™ OR “case stud*” OR “plan” OR “approach” OR “low impact”
OR “green” OR “eco” OR “sustain®” OR “techn*” OR “predict*” OR
“analy*”)
[(#1 AND #2) NOT #3] AND #4 AND #5 608
#6 Water TI = “water*” OR AB = “water*” OR AK= “water*” 1,429,059
[(#1 AND #2) NOT #3] AND #4 AND #5 AND #6 417

Precipitation,

#4
runoff

Policies, man-
agement

#5

Figure 2 depicts the PRISMA flowchart with inclusion and exclusion criteria for fil-
tering the results of the database search. Among the 417 results obtained, 1 duplicate and
6 non-journal articles (either conference papers or book sections) were present. A manual
screening process was undertaken at this stage with 410 results and 264 articles whose
titles and abstracts that were not related to urban flooding studies were excluded.
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Figure 2. Systematic literature review framework using PRISMA protocol.

The 146 articles shortlisted were manually screened by reading the full texts, of which
the 110 revolving primarily around rainfall predictions, riverine floods, reservoir opera-
tions, fisheries and forestry were excluded. Detailed notes of exclusion and inclusion cri-
teria are available from the authors on request.

3. Major Precipitation-Related Flood Events in India and China
3.1. Floods in India

This section enlists recent flood events in Indian cities and traces the events leading
to them. Table 2 provides an exhaustive list of urban flooding disaster-related information
in Indian and Chinese cities between 2014 and 2020.
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Table 2. Cases of urban floods in India and China.
it tate of -
City or srzni: Oceur Flood Event(s) Reason(s) for Flooding Precipitation Economic Losses Loss of Lives Source
Malappuram and Landslides triggered during 5 days of exces- 400% over the normal average  >39 houses and a walkover bridge com:
i - b oV v \% -
Wayanad districts of 4 to 8 August 2019 ,gg g Y . 8 & 81 dead [11]
sively heavy rainfall rainfall pletely washed away
Kerala
483 le dead
14 and 15 August Multi-day extreme rain events during July =~ Rainfall range of 270-300 mm. and gg OLI:;Eh e:o
Kerala & and August brought an accumulated rainfall Sometimes witnessed a rainfall 200 billion USD P [12,13]
2018 . . ple severely af-
of about 1600 mm intensity of 25 mm/h
fected
Kerala: Idukki, Pa-
lakkad, Kollam, 15 and 16 August Continuous rainfall of more than a week oc-
Kottayam, Malappu- 2018 & curred from 9 to 18 August 2018, including a ~400 mm Thousands of houses destroyed 500 dead [14]
ram, Ernakulam and heavy rainfall event from 15 to 16 August
Pathanamthitta
~>42% of the normal rainfall was received
13 districts in the state 15 to 17 August ~ which combined with most major reservoirs ~ 2346.6 mm of rainfall (from 1 ~ Widespread damage to over 175,000 build-
. . . . 433 dead [15]
of Kerala 2018 being at 90% capacity or more resulted inan  June 2018 to 19 August 2018) ings
extreme peak discharge
16 to 17 September Heavy rainfall due to the super Typhoon Accumulated rainfall of 225.5 . . .
Shenzhen 2018 Mangkhut (strongest typhoon to hit the re- mm Flooding in many areas across the city No info [16]
gion since 1983)
Hyderabad, Telangana 23 September 2016 165 mm INR 100,00,000 (137,839 USD) 0 [17]
300 dead, 60 mil-
North and South 2016 No info No info 44.7 billion USD fion impacted and ;o
China 0.5 million evacu-
ated
>1 le af-
Guangzhou 10 May 2016 Heavy rainstorm No info No info O'Oogeftizp ead [6]
Poor maintenance and uncontrolled urbaniza-
tion resulted in significant loss of storage ca-
Chennai, Tamil Nadu December 2015  pacities of the tanks, and this has altered the No info No info No info [3]

peak flows in the rivers flowing through the
city
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Total loss of 29.36 billion yuan (4.404 billion

USD) with 14.8 billion yuan (2.22 billion

Fuzhou, Fujian Prov- Typhoon Sedulous triggered urban waterlog- 270.5 mm (24 h maximum rain-

ince 2015 ine and flash floods fall) USD) as direct economic loss; 13.09 km em- 48 million affected [19]
ing bankment and 1465 irrigation facilities dam-
aged
Zheijiang Province 2015 Rainfall runoff from Typhoon Canhong No info 300 million USD; zla(i'e?fo buildings inun- No info [20]
60% of city submerged under wa-
Srinagar, Jammu and 46% of the city comprising 33 municipal ter up to 16-feet deep and ex- 0.6 million
gK;shmir September 2014 ’ wards vjlas at}I;i h ﬂ%)o d risk P tended inundation period of ap- No info s.tran ded [1]
& proximately 25 days in residen-
tial areas
Himachal Pradesh, Interaction of the mid-tropospheric westerlies Ac‘:;}rt}; };i;VSY ::ll)n tfgli;?z;(:lﬁs
Delhi, Haryana, Pun- 16 to 18 June 2013 and lower tropospheric strong southeasterly h . in. fall (more than 2 4}’5 No info No info [21]
jab and Uttarakhand monsoon current over the region cavy rainia cm) ore than 2=
. . . Losses from preliminary damage ~700 mil-
The collision of an early monsoon with a high . - .
Uttarakhand 2013 latitude system over the South Himalayan No info fion USD. Losses ex.ceed 3 bllhon.USD once  Estimated death [22]
Front losses due to tourism and rebuilding of toll of 7000
transportation networks are included
Kedarnath, Uttarak- . . 5000 dead and
hand 16 June 2013 No info 325 mm No info 1,00,000 trapped [23]
Qingyuan county, 2012 Flash floods No info 8.96 billion yuan (1.344 billion UsD) | 101 (€ither miss- o)
Liaoning province ing or dead)
. . 10 million yuan (1.5 ,illion USD), destroyed 56,933 evacuated
Beijing 21 July 2012 No info No info 8200 homes and 79 dead [19]
Zhouqu county, 2010 Flash floods No info No info 1765 (either miss- o
Gansu Province ing or dead)
Hyderabad, Telangana8 to 10 August 2008 237 mm INR 49,20,000 (67,817 USD) 0 [17]
Fuzhou, Fujian Prov- 2005 Typhoon Longwang triggered urban water- 316.4 mm (24 h maximum rain- Loss of 35.6 billion yuan (5.34 billion USD); fZeﬁ.ezlrrglzlhc;r;af-e [19]
ince logging and flash floods fall) 14,018 houses destroyed ::leacllj p
Inadequacy of existent Storm water networks
23 and 24 August .
Hyderabad, Telangana 2000 to carry above 15-20 mm of rainfall per hour 240 mm INR 135,00,000 (1,86,083 USD) 26 [17]

as per design in 2008
1 Yuan =0.15 USD; 1 INR = 0.0138 USD.
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3.1.1. Causes of Floods

Several coastal mega cities around the world experience disasters owing to global
warming and climate change including ocean acidification, frequent torrential rainfall
events and short spell high-intensity precipitation [20]. The coastal city of Chennai is one
of the four major metropolitan cities in India and is affected by frequent floods during the
monsoon season due to its low elevation terrain, inadequate storm drains and encroached
flood cushions like rivers, tanks and canals. Chennai receives an annual rainfall of 1400
mm of which 800 mm is during the northeast monsoon season. The Adyar flows through
the city and its basins, consisting of 163 tanks, act as permanent water retention structures,
whose surplus during heavy rainfall events discharges into the river. Currently, 15% of
the storage capacity from these tanks is lost to siltation, encroachment and disuse, which,
coupled with loss of the city’s floodplains, rivers and wetlands due to urbanization, has
significantly altered the peak flows during rainfall events, thereby resulting in urban
floods. In the last two decades, the Chennai Metropolitan Area was victim to a moderate
one in 50-year flood in 2005 and an extreme one in 100-year flood in 2015, and these num-
bers are predicted to worsen as the city’s population is expected to touch 10 million by
2025 [3].

The southern state of Kerala experienced heavy rainfall on several days between July
and August of 2018, accounting for a 1600 mm cumulatively recorded rainfall during this
period, which is 56% above the usual rainfall rates. The situation was aggravated on 14
and 15 August when the rainfall rates spiked up to 300 mm in few areas and the state’s
maximum average rainfall was 200 mm, which resulted in massive floods [12]. Kumar
and Pradhan [14] point out that because the dams reached their maximum capacities dur-
ing the week-long heavy rainfall prior to the actual flooding, the release of water from
dams combined with the ongoing high precipitation accentuated the onset of the worst
flooding event in the history of Kerala, which was further amplified by the water surges’
infliction on low-lying areas due to monsoonal winds.

On 23 September 2016, the city of Hyderabad in the present-day Telangana State of
India experienced an extreme rainfall event of 165 mm resulting in urban flooding. The
major reason was the 50% to 100% limitation in the carrying capacity of the city’s existing
stormwater drains in 4 of its 15 zones, which resulted in a cumulative runoff volume of
8083 m3/h and an average flood depth of 0.5 m due to the overflowing of 306 stormwater
drains [17].

Unprecedented heavy to extremely heavy rainfall (>24.5 cm) occurred in the state of
Uttarakhand between 16 and 18 June 2016. This was due to the mid-air collision of the
mid-tropospheric westerlies with the lower-tropospheric southern monsoon, which trav-
elled northward one month earlier than its usual date of 15 July [21]. Though this resulted
in floods in Himachal Pradesh, Haryana, Delhi and Uttar Pradesh in India, and heavy to
very heavy rainfall in her neighbors Nepal and Tibet, 95% of all causalities from this event
were borne by the state of Uttarakhand [23]. Uttarakhand receives 90% of its annual rain-
fall from the southwest monsoon, which shifted southward during the incident, resulting
in a rainfall increment of 375% compared to the highest monsoon rainfall rate recorded in
this region. The speed of progression of the southwest monsoon was the fastest since 1941
and covered the entire country in 15 days as opposed to its regular time of 45 days since
its onset in the southern state of Kerala [7]. The situation worsened when the upper trib-
utaries of the Ganga and Yamuna rivers breached causing riverine and flash flooding,
landslides and loss of human lives and economic assets. Ziegler, Wasson [22] explained
that the extent of the tragedy was amplified as it coincided with the peak pilgrimage sea-
son of the Chardham Yatra, affecting more than 100,000 pilgrims who were on their way
to the temple town of Kedarnath. Kedarnath is located above the Mandakani river whose
catchment received 600 mm of rainfall over 3 days during this period, which triggered
landslide lake outburst floods (LLOF) in the upper slopes of Kedarnath. Debris flowed
from this LLOF into the Mandakani river creating a temporary lake due to the damming
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effect and breached as a lake flood into the Kedarnath region above it. Thus, a major col-
lision of LLOFs and lake floods occurred in Kedarnath claiming the lives of thousands.

Srinagar, which is the largest and fastest growing city in the Himalayan region in
terms of population and area, has flood records dating from back to 3000 B.C. and simu-
lations of present-day annual peak flows predict increased flood occurrences in the future
as well [1].

The city of Surat receives an annual rainfall of 1376 mm, which ends up resulting in
heavy output of water from the Tapi river-fed Ukai dam, causing urban floods with the
most disastrous being the ones in 1968 and 2006 [24].

3.1.2. Studies and Findings

Vemula, Raju [17] studied the impacts of past and future extreme rainfall events on
the existing stormwater networks in the city of Hyderabad under a flood risk analysis.
Results showed that rainfall events of 165 mm, similar to what occurred in September
2016, will affect a maximum population of 1.8 million with a 9% to 24% flood risk. Flood
risk is subject to the amount of rainfall, height of inundation and economic worth of assets
in the flood zones. They predict that the next extreme rainfall event of 282 mm will occur
in 2040 based on the global climate model (GCM). This event is estimated to affect a max-
imum of 2.7 million people and cause a 10%-30% flood risk, and result in an 82% runoff
under the current stormwater networks’ capacity.

Studies by Kotal, Sen Roy [21] analyzed the dynamical and thermodynamical aspects
of the Uttarakhand floods to understand the weather patterns behind this disaster. Re-
ports state that the frequency of extreme rainfall events in the Himalayan region has been
on a rise over the last 40 years, which can be attributed to global warming-induced in-
creased monsoonal intensity.

Ziegler, Wasson [22] investigated the political economy and disaster perception
through a geoscientific study of the Uttarakhand floods in Kedarnath with a view to im-
prove predictability and warning for future events. They raise concerns with respect to
the coarse sediments, debris and boulders deposited from the 2400 landslides that oc-
curred in this region during the 2013 floods, which further reduced the carrying capacity
of the river channels making them more flood prone than before. The fact that this region
has experienced more than 12 flash floods from LLOFs in the last 800 years shows that
this is a recurring problem that needs to be acknowledged by environmentalists and de-
cision makers. However, the return period of such disasters is still unknown due to the
absence of trustworthy long-term gauged flow data files. They also critique the tight pub-
lic funds and inadequate information on disaster-proofing existing infrastructures in In-
dia, which has resulted in a “gambling” approach towards disaster prediction as govern-
ments fear criticism in what may be viewed as overinvestments in disaster mitigation.
Post event compensations in the form of governmental aids are preferred with disaster
management concerns, iterating that the next such event might never occur or at least not
occur in the near future.

Alam, Bhat [1] assessed the flood risk in Srinagar using a risk triangle model consid-
ering hazard intensity, spatial exposure and vulnerability and found that 46% of the city
was high on risk, 17% percent of it was at moderate risk and 37% of it was low on risk,
implying that the same flood will have different impacts in different parts of the city.

Waghwala and Agnihotri [24] studied the impacts of urbanization and land-use
changes on urban flooding in the city of Surat in Gujarat. They found that the average
flood depth and area of inundation of the more recent 2006 floods were higher than that
of the 1968 event and attributed this phenomenon to the shift of the land-use land-cover
(LULC) changes of the city from a lesser urbanized one to a highly urbanized one through
unplanned urban sprawling. This research proved that an increase in urbanization di-
rectly increases flooding risks, which are further amplified by the nature of urbanization
as in the case of Surat, where natural floodplains were artificially infilled to create in-
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creased land areas, thereby further reducing natural flow drains and sinks and aggravat-
ing flooding risks. They propose constructing 20 detention ponds on either side of the
Tapi river for flood diversion, which can lower the flood depth by 50% in the city. Nithila
Devi, Sridharan [3] studied the role of small retention structures in future floods in Chen-
nai and predicted that dredging all 163 tanks in the Adayar basin by 2 m can compensate
for the increase in flooding due to urbanization in 2050, for a one in 50-year flood like the
one in 2005. However, if tanks continue disappearing, the same flood will have the impact
of a one in 100-year flood event like the one in 2015.

Jameson [4] emphasizes on the importance of adopting an integrated water resources
management approach to flood management, not just in terms of improving stormwater
drainage in low-lying areas, but also focusing on other aspects like rainwater harvesting,
and identifying and utilizing natural sinks and marshlands to provide groundwater sur-
charge to achieve holistic water security and disaster mitigation. He calls for cross-insti-
tutional knowledge transfer of water management technologies, integrating rainwater
harvesting with flood management towards dealing with these issues cumulatively and
bringing about policies that affect practice.

Ramasamy, Gunasekaran [13] researched the possibility of flood events triggering
reservoir-induced seismicity in Kerala since 43 of its dams are located along the seismi-
cally active Western Ghats mountain range, which also coincides with the areas of flood
inundation. The varying pulses of high stresses from the earth’s crust due to high water
depth in the reservoir and stresses from pore pressure from infiltration can result in RIS.
Though 50% of these dams were prone to experiencing this risk as per these study results,
such an earthquake was avoided during the 2018 Kerala flooding because the reservoir’s
water height was lowered by discharging water.

A case study by Ryan, Trigg [15] on the management of Kerala’s Kakki reservoir
showed that the peak flow could have been reduced to 50 m3/s from the experienced 493
m?/s during the floods on 14 August when the rainfall rate was highest through optimized
reservoir operations in terms of saving sufficient storage for flood absorption and utilizing
flood control zones.

Avashia and Garg [5] studied the implications of land-use planning in 42 Indian cities
and found that the reduction in green, blue and open spaces directly increases flood risks,
thereby negatively impacting the economy of the city and life quality of its inhabitants.
Results showed that if lower-tier cities continue developing as per the trends set by the
current high-tier cities, flooding risks will be exacerbated. To control this situation, Indian
cities should incorporate and preserve sponge facilities in city planning. If such structural
efforts are not possible, the only alternative is working towards keeping the global mean
temperature increase well below 2°C to avoid devastating consequences, though this can-
not be controlled by India alone.

3.1.3. Recommendations for Flood Management

Vemula, Raju [17] recommend desilting of existing stormwater drains in Hyderabad
to achieve a 100% improvement to the runoff situation for the predicted 2040 extreme
rainfall event of 282 mm. For future events of higher rainfall extremities, it is essential to
double the existing carrying capacity of the stormwater networks through widening,
building and maintaining channels in addition to incorporating other low impact devel-
opment (LID) and best management practices (BMP). Nithila Devi, Sridharan [3] mention
that the state government of Tamil Nadu, where the city of Chennai is located, promotes
reinitiating traditional community maintenance measures such as desilting tanks and
weeding prior to monsoons to maximize the utilities of these structures. They also empha-
size on the importance of arming tanks and storage units in flood-prone areas with flood
gates to regulate their available water-storing capacities on the basis of live flood predic-
tions.

Kotal, Sen Roy [21] stated that the complexity of rainfall prediction in the high-alti-
tude Himalayan regions of India is amplified because of limited data, understanding and
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interaction between orography and weather systems. Xavier, Manoj [7] blame inadequa-
cies in data observation and modeling constraints for the failure in predicting extreme
weather events. Comprehensive modeling studies of extreme events associated with the
Indian monsoon and its interactions with localized weather systems would help in disas-
ter preparation and in setting up adequate infrastructural risk mitigation measures. Shek-
har, Pattanayak [23] list out the problems in numerically simulating heavy rainfall events
in mountainous terrains to the lack of high-resolution meteorological data and upper at-
mospheric profile data. Relying on remote sensing options for these data is challenged by
the high temporal and spatial resolutions required to record the required parameters for
such occurrences. Mishra and Nagaraju [12] raise the importance of remote sensing from
space satellites in obtaining real-time weather information for disaster adaptation, be-
cause terrestrial weather stations are likely to stop functioning during disasters as in the
case with the 2018 Kerala floods.

Ziegler, Wasson [22] recommend climate urgency in the political economy surround-
ing disasters, given the human vulnerabilities involved. Alam, Bhat [1] emphasize taking
an integrated approach covering disaster intensity, areas prone to exposure and socio-
demographic factors for flood assessment to effect structural and non-structural mitiga-
tion measures. Waghwala and Agnihotri [24] iterate that in the context of unavoidable
urban expansion, alternate drainage solutions and flood cushions should be provided
within the city in the form of detention ponds, and flood waters should be diverted into
existing creeks and ponds. Such measures can speed up the resiliency of the city post
floods.

Kumar, Pradhan [14] talk about the importance of extreme weather event prediction
through mid-range modeling over blaming inadequacies in last-minute operations of
structures like reservoirs during an unexpected disaster. In the context of Kerala, which
experiences floods followed by droughts within a few months, he proposes that the con-
struction of additional reservoirs might not only help mitigate future floods, but also pro-
vide water security and hydropower generation. Ramasamy, Gunasekaran [13] recom-
mend careful planning and execution of water management strategies in reservoirs lo-
cated in zones of seismic activity to prevent reservoir-induced seismicity (RIS) during
floods. Wadhawan, Singh [11] raise concerns on the negligence of disaster management
institutions in handling landslides caused due to floods in susceptible regions of Kerala,
though the Western Ghats has been a hotspot for several landslide-related studies, which
have been documented in the Geological Survey of India’s compendium.

Jameson [4] recommends that governments build their water management networks
around flood management to initiate institutional synergies between rainwater harvest-
ing, stormwater drainage networks and land-use planning. He also calls out that most
flood management approaches tend to follow a top-down approach with engineering as-
pects given the highest importance amidst other critical factors. Avashia and Garg [5] also
recommend integrated urban planning in designing resilient and sustainable cities.

3.2. Floods in China

China faces a unique water crisis situation in terms of co-existing water shortage,
flooding and water pollution issues. Cities form an integral part of China’s development
contributing to 80% of national GDP and accommodating 50% of its population. However,
the number of Chinese cities experiencing flooding has doubled since 2008 with 130 of the
total 654 cities experiencing floods every year, which is becoming a major concern in the
country’s development [18]. This section spills details on floods in China’s cities such as
Beijing, Shanghai, Fuzhou, Ningbo and Harbin.
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3.2.1. Cases of Floods

Jia, Li [9] reported that the rate of increase in the number of Chinese cities affected by
flooding has been on the rise ever since 1984, with its pace increasing with every passing
decade as seen in 2001 and 2010. As of 2015, 60% of Chinese cities experienced precipita-
tion-related urban flooding each year and this number was thrice as high as the predic-
tions from official reports. Figure 3 lists out the major causes for urban flooding and it was
found that cities along the southeast coast of China were most prone to urban floods,
which is justified by the higher rates of urbanization and climatic conditions in this region
when compared to the rest of the country.

Aggravates urban floods when combined with ill-planned
urban development patterns and increased urban runoffs

Frequent precipitation extremes hydrologically boost
flood hazards

F A
FLOODS

Unsuitable and poorly planned Dense population and

land conversions concentrated capital lead to

1. Convert natural landscapes into increased societal exposure to
impervious concrete surfaces DEVELOPMENT URBANISATION flood hazards

2. Increase urban rnoff PATTERNS

3. Cause loss of aquatic ecosystems
4. Fragment natural waterways in
cities

Figure 3. Causes for urban floods based on Jiang, Zevenbergen [18].

China has a 18,000 km long coastline with several fast-developing coastal cities in-
cluding the mega-city Shanghai, which is one of the largest coastal cities on earth occupy-
ing an area of 6340 square kilometers. Yuan, Xu [20] ascribe Shanghai’s extreme rainfall
events induced by warm sector weather events to its geographic location by the sea and
its location on the Huangpu Pu riverbank (a tributary of the Yangzte river), global warm-
ing, urban heat effect and land subsidence given that its average elevation varies between
2.2 to 4.5 m. Further, such events aggravate the risk of pluvial flooding in the city.

The mountainous city of Fuzhou in China’s Fujian province experiences typhoons
and heavy rainfall (annual maximum of 43.9 mm/h) between July to September, which
trigger the co-occurrence of flash floods in the Jinan and Baima rivers upstream resulting
in urban flooding the downstream city. Flash floods are accentuated by terrain induced
disadvantages such as steep slopes, reduced stream catchment areas and short stream
lengths which render the construction of flood control reservoirs unsuitable. As of 2018,
21 million yuan was invested in the flash flood prevention of 72.2% of the city’s area com-
prising of 0.37 million vulnerable people [19].

The Yangtze river delta economic zone has several deltaic and coastal cities and wa-
ter towns (colloquial expression for these cities) such as Ningbo. These cities follow
unique city planning styles with a dense network of waterways and canals running
through the city that were traditionally used as the primary means of water-borne
transport before the advent of present-day automobiles. Ningbo stands among the top 20
coastal cities in the world and is accredited as a “water-saving city’, ‘garden city” and ‘eco-
logical city’ by the country [25]. It is located along China’s southeast coast and is sur-
rounded by mountains, making it prone to pluvial and coastal floods, which have been
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exacerbated because of urban expansion taking over its wetlands, marsh areas, agricul-
tural lands and other natural sponges. The impermeable modern-day curbs generate in-
creased runoffs that exceed the capacity of Ningbo’s old pumping stations and existing
drainage systems leading into the Yang river [25]. This region receives an annual precipi-
tation of 1400 mm, experiences intense spells of rainfall during monsoons and is fre-
quently affected by typhoons causing surface and groundwater flooding, fluvial flooding
and marine flooding [26].

Nangang district in Harbin city of Heilongjiang province consists of drainage sys-
tems dating back to 1904 with a conduit capacity of 18 mm/h and drainage capacity of 135
m?/h, which fall short of the drainage capacity stipulated by the standards (185 m3/s) to
tackle moderate rainfalls of 25 mm/h. ‘The Harbin water supply and drainage industry
development strategic planning proposes to undertake sponge city facilities and drainage
upgradation between 2020 to 2025 to overcome the current waterlogging challenges the
city undergoes even during moderate rainfall events [27].

3.2.2. Studies and Findings

Jia, Li [9] found that the number of reported city events increased with urbanization
and city built-up areas, which were less frequent when urbanization was below 36% as
compared to when it reached 40%. However, they found out that, contradictory to expec-
tations, the number of flooding events increased with an increase in the city’s green areas
and total conduit length. The Ministry of Housing and Urban-Rural Development’s na-
tional standards contain green lands and green coverage standards. As per this definition,
“green lands” are described as built-up areas covered by vegetation of which natural
green lands should not account for more than 20% of the total green land. As of 2010,
green lands comprising more than 31% and 35% of the area were set as base requirement
and advanced standards, respectively. Green coverage is higher than green land because
tree branches spread over larger surfaces of land, and green coverage comprising more
than 36% and 41% of the area was set as a base requirement and advanced standard in
2010, respectively. Despite most cities meeting these standards, flooding occurs because
not all green areas allow for infiltration owing to their constructions on shallow soils over
impervious surfaces like concrete, in order to satisfy green land and green coverage indi-
cators for city planning and development. Since green areas are considered as LIDs that
are expected to control 70% to 85% of total precipitation, a subsequent stormwater drain-
age design based on these expectations may lead to flooding if these expectations are not
met due to the infiltration constraints of green areas. The reasons for increase in flooding
with respect to the increased cumulative conduit length of cities can be attributed to ca-
pacity and flexibility constraints of the older pipes [28] to which the new extensions are
connected. It is also worthy to note that prior to 2014, China adopted city design standards
corresponding to a return period of 4 months to 3 years for most sites, with the most im-
portant ones like Beijing’s Tiananmen square designed for a return period of 5 years,
which are lower than the standards followed in most developed countries. Dai, van Rijs-
wick [8] restated Premier Li Keqiang’s words in the annual government work report in
2017, emphasizing that “when taking solid steps to pursue a new type of urbanization,
coordinated urban development should be promoted above and below the ground”.

Ma [19] performed a case study identifying the relationship between urban water-
logging and flash floods in the Chinese city of Fuzhou and analyzed integrative preven-
tive measures under China’s Sponge City Program and National Flash Flood Prevention
Project, as shown in Table 3.
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Table 3. A detailed comparison of China’s National Flash Flood Prevention Project vs. Sponge
City Program based on Ma [19].

National Flash Flood Prevention .
Parameter Project Sponge City Program

Problem(s) ad- Prevention of flash floods Urban v'vaterloggmg and ad-
dressed dressing water shortage

Cities should function like
Non-structural methods such as in- sponges in storing, infiltrating
vestigation and evaluation, monitor- and purifying excess rainwater
ing and early warning systems, mass and slowly release water into
observation and mass preparedness; rivers and soil when needed
Methods policies and regulations supple- through the comprehensive
mented by structural elements like planning of urban stormwater
design ideas, overall layout, embodi- runoff’s net storage, use and dis-
ments and key flash flood ditch charge through structural
management measures supplemented by
planning and management laws

Majorly structural methods such
as environmentally friendly

Majorly non-structural methods sup- drainage systems, detention
y 4

Design orted by supplementary structural .
& P y supp y ponds, storage barrels, bioreten-
measures .
tion systems, etc. supported by
non-structural methods
Year of initiation No info 2013
Construction/
Conduction pe- 7 years 3 years
riod

28.9 billion overall during 7 years of 2.5 billion yuan per city for 3

Fundin, .
5 conduction years

Performance evaluation and in-

Evaluation No info . . .
centive policies

2058 counties in 29 provinces and a

No. of cities total of 3.866 million km2 30 cities

No. of l:;:lsleflcmr- 304 million people No info
Average flood-related deaths have

Highlights and been reduced by 680 people per year No info

impacts relative to the period prior to imple-
mentation
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Yuan, Xu [20] state that, although Shanghai experienced several precipitation events
above the intensity of 50 mm/h, its drainage systems are capable of handling intensities of
no more than 36 mm/h. These extreme precipitation events causing pluvial floods in the
city of Shanghai are results of extraordinary torrential rainfall events and extraordinarily
short-duration high-intensity rainfall events. Their study found that, while the total num-
ber of torrential rainfall events remained the same over the years, the frequency of ex-
traordinary torrential rainfall events increased, which is correlated with the increase in
sea level. This is supported by the China Ocean Bulletin report declaring Shanghai’s av-
erage yearly rise in sea level between 1980 and 2015 to be 3 mm, which greatly exceeds
the global average. Extraordinarily short-duration torrential rainfalls can be attributed to
increasing temperatures and Shanghai, whose temperature variations rise at a rate of 0.61
°C every 10 years; thus, the city is definitely at risk. Xu, Ouyang [16] analyzed flooding
events in the city of Shenzhen between 1980 and 2018 and found that the flood mitigation
capacity in the eastern parts of the city were better than what was observed in its western
parts. They also reported that Shenzhen'’s flood mitigation capacity has been undergoing
a steady decline over these years owing to change in land-use patterns and urbanization.

3.2.3. Recommendations for Flood Management

Ma [19] recommends the use of water telemetry systems to tackle urban flooding in
Fuzhou given that this is an internal problem arising from the external threat of flash
floods, which are fueled by inadequate water carrying capacities of the upstream rivers.
He recommends implementing structural measures like tunnels, cut-off ditches, flash
flood drain branches, rainwater gardens, permeable pavements and capacity or rebuild-
ing of drainage networks. He also recommends the integration of the above structural
methods with non-structural methods like governance of urban rivers, scientific study of
hazards, improved accuracy in disaster monitoring, cooperation across multiple sectors,
education and emergency plans for the public, mass observation and preparedness and
well-established laws and policies related to rainwater.

Jia, Li [9] reiterate the importance of improving cities” infiltration capacities in addi-
tion to increasing their green areas to control urban flooding. Yuan, Xu [20] recommend
the use of GIS, GPS and remote sensing data to monitor and forecast heavy rainfall events
along with undertaking adequate measures to repair and increase drainage capacity; for
example, using engineering technologies such as sluice gates and pumps to control pluvial
flooding as in the case of Huangpu river in Shanghai. Pluvial flooding due to heavy rain-
fall may induce potentially large damage to coastal structures and residents’ lives. In re-
cent years, the above hazards have become more serious. Thus, monitoring and database
systems, with contemporary geomatics technologies such as GIS, GPS and remote sensing,
should be used to effectively forecast heavy rainfall. Meanwhile, appropriate engineering
treatment technology, such as repairing and increasing the capacity of the drainage sys-
tem and the sponge city, should be chosen for this type of hazard.

4. Comparison of Indian and Chinese Urban Stormwater Practices
4.1. China’s Sponge City Program

The National Congress introduced the concept of ecological civilization as a national
development strategy in 2007, which can be considered as a precursor to the SCP. Ecolog-
ical civilization was listed as one of the five main goals of China’s development plan in
the 18th National Congress of the Communist Party in 2012. The 13th Five-Year Plan be-
tween 2016 to 2020 focused on rainwater and flood mitigation advocating the “green is
gold” philosophy to pave way for an ecological civilization [8]. China’s SCP is considered
a supporter of the United Nations’ New Urban Agenda, which promotes global sustaina-
ble urbanization and integrated urban water management pertaining to climate change
[29] as illustrated in Figure 4.
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Figure 4. Concept map of the Sponge City Program based on Ma, Jiang [29].

Between 2015 and 2016, the China Ministry of Finance (MOF) with support from the
Ministry of Housing and Urban-Rural Construction (MHURC) and the Ministry of Water
Resources (MWR) chose 30 pilot cities from over 500 applicants for the Sponge City Pro-
gram (SCP) [28,30]. Given the geographical extent of the country coupled with its span-
ning across different climatic zones, from the tropics down south to sub-arctics in the ex-
treme north and alpine conditions in the Tibetan regions, it becomes a challenge to iden-
tify a universal plan for all its cities. Currently, most of China’s pilot cities are selected
along the southern and central areas, since they are the most prone to precipitation-related
floods, given that the average annual rainfall in this area varies from 410 to 1830 mm and
annual average temperature is between 4.6 °C and 25.5 °C. However, a few cities were
selected from outside these zones, such as in the sub-arctic northeast and arid central
north, to develop an understanding of what it takes to successfully implement the SCP in
these areas [28].

The major ambition of this program was to retain 70% to 90% of the average annual
rainfall received in these cities using decentralized nature-based low impact development
(LID) measures and green infrastructure [29], thereby alleviating urban peak flow in run-
offs by promoting onsite infiltration, temporary storage, purification and recycling of rain-
water. This flood management approach looks at rainwater and stormwater runoff as a
resource to be utilized to achieve urban water resilience, rather than a flood threat to be
eliminated while mitigating the effects of urbanization (such as urban heat islands) on
natural ecosystems, through restoration and creation of blue-green areas within city lim-
its. Li, Ding [28] conducted a detailed survey of all 30 pilot sponge cities and deduced
technical, financial and institutional challenges. From an economical point of view, this
program hopes to improve local economy by generating opportunities for building green
infrastructure, engineering technologies and upgrading existing grey infrastructure like
city pipelines through capital intensives [28].

Concept wise, the SCP can be considered analogous to the USA’s low impact devel-
opment (LID), the United Kingdom’s sustainable urban drainage systems (SUDS) and
Australia’s water sensitive cities [18,28,29], but SCP is more ambitious in terms of scale
and scope when compared to its international contemporaries [25]. A comparison of the
salient features of low impact development (LID) and the Sponge City Program (SCP)
concepts can be found in Table 4. Li, Collins [2] state that rebranding the SCP as a multiple
benefit project will aid its enabling in a positive manner, since SC facilities go beyond the
scope of traditional grey infrastructure, which have no impact on community participa-
tion. However, there are different schools that are against this idea of broadened scope
descriptivism, quoting that such measures will dilute the specialization of such ventures.



Sustainability 2021, 13, 6346

17 of 31

Table 4. A comparison of the salient features of low impact development (LID) and the Sponge
City Program (SCP) concepts as described by Jia, Wang [30].

Parameter LID Sponge City
Countries of practice Several China

Deviating from the traditional

LID technology employs princi- “rapid-draining” approach, the
ples such as preserving and rec- new paradigm calls for the use
reating natural landscape fea- of natural processes such as soil
tures and vegetation as part of the ur-

Land-use principles

ban runoff control strategy
Minimizing effective impervi- The “six-word” principle, which
ousness to create functional and includes infiltrate, detain, store,
appealing site drainage that ~ cleanse, use and drain, forms
treats storm water as a resource the guidelines for urban storm
rather than a waste product water management

Stormwater manage-
ment philosophy

SCP includes as its goals not
Holistic urban water Mostly focused on stormwater only effective u.rban flood con-
trol, but also rainwater harvest-
ing, water quality improvement
and ecological restoration
The government mandates the
integration of green and grey in-
frastructure required for flood

management goals management

LID and GI facilities experience

Useof greenand grey ..~ | = . )
. limitations in controlling large or o
infrastructure control, water quality improve-

less-frequent storm events

ment and ecological protection
and restoration

The central government of China has set a target for the absorption of 70% of rain-
water, which is to be utilized for 80% of the country’s urban water needs by 2030 [18].
However, it is to be noted that some reports state that LID measures tend to perform better
during smaller storms and that their flood control performance decreases with increases
in rainfall [31].

4.1.1. Policy Approach and Governance

China forms a hierarchical governance structure where the provincial and local gov-
ernments facilitate and aid decisions made by the national government [8]. Jiang, Zeven-
bergen [18] state that administrative boundaries between local government agencies deal-
ing with overlapping water administration functions may pose the risk of limited interac-
tion and coordination among these governmental agencies.

Currently, there is a complex governance system dealing with the ambitious and
multi-disciplinary SCP: The Ministry of Water Resources is responsible for handling ur-
ban flooding; the Ministry of Environment is responsible for water quality; the Ministry
of Forestry is responsible for vegetation, trees, deforestation and soil-water interactions;
and the Ministry of Planning and Construction Bureau is responsible for land-use plan-
ning [32]. It is important that the guidelines, codes, legislations and manuals of these min-
istries are coordinated up to the municipal levels to achieve seamless implementation.

Though the Sponge City Program has been advocated as a predominantly urban run-
off and waterlogging prevention concept, Li, Ding [28] suggest that thinking of it along
the lines of linking water sources to communities within regional watershed scales is ben-
eficial in tapping the full potential of the system, instead of using its fragmented benefits
like runoff mitigation only. Li, Collins [2] also state that GI and SC add value to the com-
munity beyond regular stormwater drainage and flood control, by creating economic
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growth through new job markets, expanding green areas for recreation and microclimate
adaptability.

Dai, van Rijswick [8] explain the different forms of governance practiced worldwide,
namely: (i) governing by example, where the government takes measures it advocates
within its own properties; (ii) governing by provision, where the government directly pro-
vides services and resources; (iii) governing by authority using laws, technical standards,
compliance setups and responsibility undertakings; and (iv) governing through (co)-
funding by making provisions for PPPs and co-funding in projects. China seems to be
following governance by authority and governance by co-funding with respect to its SCP.

4.1.2. Regulations

Li, Ding [28] discuss the regulatory challenges faced by the SCP in detailed manner.
Though a national guideline was issued in 2014 followed by city-level guidelines for a
couple of cities between 2015 and 2016, these guidelines lacked the specifics in terms of
local adaptability for China’s soils, climate and topography, and were comparable to the
guidelines followed in the United States. However, Griffiths, Chan [25] point out that,
although LIDs, SUDS, WSUD, etc. are often referenced for SC planning, the best practices
are drawn from China’s domestic projects, which is a sign of positive development in sus-
tainable urban drainage.

For the successful implementation of SCP, national, provincial and local guidelines
contain the following recommended specifics: (i) project assessment, planning and design;
(i) its construction, operation and maintenance; and (iii) its quality control, appraisal,
monitoring and evaluation. It is important to achieve coordination between national, pro-
vincial and local levels [25] because water, land use and property rights are interdepend-
ent. Figure 5 depicts avenues for promoting government leadership and inter-agency co-
operation. For example, a provincial government body bringing about changes in the wa-
ter management upstream is prone to influence the quantity of water received down-
stream, which will impact local planning. Though the national and provincial levels are
important in coordinating SC efforts throughout the country, provision of regulatory
standards and roles of local agencies are critical towards the successful implementation
of these measures. Local guidelines including construction manuals and design standards
need to be developed post evaluating local conditions with the active advice of local de-
velopers, planners and engineers, since traditional municipal codes are based on grey in-
frastructural practices. Local governments may include formal training of their officials,
public work staff, planning and design experts and the general community in sponge city
practices and education. They could also consider undertaking the responsibility of de-
veloping a thorough life cycle analysis of the projects and practices in terms of perfor-
mance and costs to generate a national database of best practices.
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Figure 5. Promoting government leadership and inter-agency cooperation based on recommenda-
tions by Li, Ding [28].

Countries like the UK have vested the power of decision making in sanctioning new
developments in flood-prone areas to local planning agencies (LPA), which have the
rights to restrict new developments if the proposal does not satisfy flood risk appraisals.
In cases of unavoidable developments that fail to pass flood risk appraisals, clearance may
be granted on the terms that the developers abide by safety standards and take responsi-
bility for flood risk mitigation [32].

4.1.3. Planning of LID and GI elements in SC Pilot Cities

Currently, the pilot areas within each of the 30 pilot cities occupies an area of 15 km?
or more, with most of the LID measures enabled within this radius, though some green
and grey infrastructures may be located beyond the pilot areas of the pilot cities to focus
on innovation and novel approaches [28]. Sponge city guidelines require cities to be
equipped to drain runoff up to 1:30 year 24-hour rainfall events. This means that the cities
need to notch up from their existing capacities of 1:1 year 24-hour rainfall events, which
cannot handle more than 187 mm per 24 hours [32]. Dai, van Rijswick [8] state that “win-
dow dressing” and “image projects” (defined as structures used solely to raise a city’s
profile without contributing much to other practical uses) under the guise of sponge city
elements should be avoided, and that the SCP alone cannot be used to eliminate urban
flooding. The restoration and reconstruction of underground structures such as pre-exist-
ing drainage structures from older parts of cities need to be tended to as well to achieve
real results. Fan and Matsumoto [27] view the SCP as a measure to increase the “curves”
in urban areas to increase water absorption.

Though fixed deadlines are beneficial to project planning and execution, short timelines
may result in lowered project effectiveness. Dai, van Rijswick [8] report that the first batch of
pilot cities were allocated 3 months to design their sponge city plans, which may have led to
overtime working hours of project teams in order to meet the tight deadlines. Another concern
to bear in mind is that in addition to the SCP, China is also debuting a couple of other projects
like the Pilot Urban Tunnel Program and the Urban Black Odorous Water Clean-Up Program,
which requires coordination not just between the agencies responsible for SCP, but also with
agencies working on these other two projects as well. The Urban Black Odorous Water Clean-
Up Program covers over 1897 rivers and 218 Chinese cities, implying that several of the pilot
sponge cities are also covered by this program [8].
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Water towns like Ningbo and Suzhou in China have adopted a “blue-green city” con-
cept since ancient times that is aligned with the SC vision. These cities have practiced
measures like using seminatural canals to divert water from upstream areas into agricul-
tural and municipal use zones, thereby reducing flood risk while improving water availa-
bility. Reports also state that Ningbo’s earthen canals used to be lined with Mulberry trees
to prevent erosion, which also served as rearing hubs for silkworms used in silk production,
thereby achieving ecological balance, water conduit safety and boosting the local economy
[26].

Xu, Shen [6] found out that when drainage systems were built before the city itself, it
performed better as in the case of Ganzhou and, therefore, they recommended sponge cities
to be designed and planned prior to the construction of new urban areas. Since current pilot
cities were planned to incorporate sponge city elements in existing urban structure, this
works as an impediment and weakens rainwater management, which may be one of the
reasons why two-thirds of the pilot sponge cities still experienced flooding as of 2016. This
view is seconded by Griffiths, Chan [25], who also believe that transformation of existing
aboveground structures like buildings and their associated underground drainage struc-
tures will be affected by pressures from modernization, space scarcity, land cost inflations
and disputed ownership concerns. Studies by Zhang, Zhao [33] show that in the case of old
residential areas, LID approaches integrating the use of green infrastructure with grey in-
frastructure could achieve both quantitative and qualitative flood mitigation results. In their
area of study, Shuixianghuayua, which is an old residential area in Songling town, in the
Woujiang district of the Suzhou province in China, a combination of LIDs resulted in a vol-
ume capture ratio of 91%, which surpassed the 80% requirement set by the regulatory stand-
ards. This action was thus capable of protecting the area against storm events of one in 5-
year return periods, while removing 56% of the suspended solids in the runoff.

4.1.4. Land Use

Land use poses a major challenge in the implementation of sponge cities, given that
urban areas have extremely high land prices, and the planning of sponge cities requires sev-
eral LIDs to be located in private properties around community clusters. This is hard to
achieve since builders and planners pivot towards optimizing construction planning using
as much available land as possible in view of financial prospects, thus making it hard to
convince them to allocate considerable spaces for the implementation of sponge city ele-
ments. Post instalment, the problem of long-term operation and maintenance of these struc-
tures located within private spaces is equally challenging for the public agencies. However,
the problem of land use extends in public spaces as well, especially in the right of way along
public roads, since this space faces demand for multiple uses such as bicycle friendly lanes,
sidewalks, vehicle parking and stormwater drainage [28]. Li, Collins [2] point out that, con-
versely to the traditional thinking of private builders, properties with sponge city facilities
are bound to increase in value in the upcoming years due to the trending green preferences
among the public. They also state that governments should consider the cost reduction SC
elements will affect few years down the line, when the need to constantly expand city drain-
age systems is overcome by sustainable urban planning, more water saving and improve-
ment in the overall well-being of the city’s inhabitants.

4.1.5. Operation and Maintenance

The operation and maintenance required for sponge city elements are more frequent
than what is required for traditional grey infrastructures since they are nature based. For
example, periodic weeding and dredging is required in bio-swales in comparison to con-
crete conduits. It is also to be noted that, since these LI structures are not only centrally lo-
cated or limited to public spaces like in the case of traditional grey structures, the chances of
them being filled in or removed during other projects, especially within private areas, is of
concern to public agencies responsible for their maintenance and smooth operation [28].
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4.1.6. Materials Required

Though one of the goals of the SCP includes improving opportunities at local levels,
majority of the products and materials used in its implementation are imported from
abroad, including computer software used for designing, products such as rain garden
systems, tree planting systems, green and blue roof systems, tree root protection modu-
lars, landscape and sports and playground solution systems and blue products including
vortex flow control devices and inlet filter devices, as well as various other monitoring
equipment [28].

4.1.7. Quality Control, Appraisal and Performance Evaluation

The Ministry of Housing and Rural-Urban Development (MHURD), the Ministry of
Finance (MOF) and the Ministry of Water Resources (MWR) are responsible for selecting
cities on the basis of the applications submitted by provincial governments and periodic
performance assessments. The selection is based on suitability of the proposed cities to-
wards satisfying pilot goals, available financial mechanisms and complementary
measures available at local governmental levels [28]. The lack of monetization measures
for ecosystem services and the lack of evaluation tools to assess the benefits of green ven-
tures in Western countries has been stated by Li, Collins [2]. In the case of China, paid
tools for financial and economic analysis are available, but there seems to be less aware-
ness or information about the availability of any free tools in the market. Unless measures
to handle the market situation of these performance tracking tools are resolved, green
ventures shall be considered unpredictable “risks” by policy makers, municipal authori-
ties and the general communities. Ma, Jiang [29] recommend the use of the ecosystem
services framework (ESF) tools for decision making (also advocated by the United Nations
Millennium Ecosystem Assessment in 2005) to quantify the services of bio-complex hu-
man-urban ecosystems and conventional ecosystems.

4.1.8. Funding

Grants and municipal funds are the primary financial providers of the SC projects,
which are beneficial in kick-starting the project early on, but are proving to be bottlenecks
in their scalability and expansion [2]. As per preliminary estimates, the SCP is touted to
cost between 15 to 22.5 million USD per square kilometer or 1.5 trillion USD for all 657
cities in China. Currently, each of the 30 pilot cities receives 60 to 90 million USD per
annum for 3 years costing the central government around 6.35 billion USD [30]. Li, Ding
[28] call for the integration of national agencies in sharing costs from available national
funds to facilitate the implementation of sponge city projects at local levels. In the case of
Ningbo, a 2:1:1 funding ratio was adopted in the order of central funding:city funding:dis-
trict funding, accounting for 0.17 billion USD from central funding and 0.8 billion USD
from city and district funding, respectively, until 2020 [25].

The debate on the higher initial cost requirements for sponge city facilities when com-
pared to traditional drainage enhancement procedures is addressed by Fan and Matsu-
moto [27]. They found that, in the case of a district in China’s Harbin city, though sponge
city implementation is more expensive in the initial phase [2], the project is expected to
achieve carbon neutrality after 3 years and can double up as a carbon emission reduction
factor, saving up to 198 tons of carbon dioxide emission per year in addition to absorbing
1.9 tons of NOx emissions, making it hugely advantageous from both financial and envi-
ronmental perspectives. Lin, Tang [34] estimated the cost of sponge city elements in Da-
lian to be between 398.4 and 13.314 million Yuan if the “functional division of natural
ecological environment planning” is used, which is lower than the costs of “function-
based sponge city planning methods” by 601,000 Yuan and “ecohydrology-based sponge
city planning methods” by 682,000 Yuan.

Though clear estimates and data with respect to the design, construction and imple-
mentation of SC facilities are available, the costs involved in its long-term maintenance,
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operations and life cycle costs may not be easily accessible. This poses a setback in attract-
ing private and public parties towards SC investments due to ambiguity in terms of both
future benefits and financial risks [28]. To arrive at an accurate cost-risk report, it is nec-
essary to plot the benefit curve and damage curve and the expected flood expenses for a
large range of rainfall return periods [31].

4.1.9. Partnerships

The Chinese government advocates for local matching, participation from qualified
non-governmental financial institutions and construction companies, and public-private
partnerships (PPP) [28]. Public—private partnerships are great ways of taping into private
funding and expertise in large-scale construction projects, and they are increasingly used
in the West, where the private sector companies build, control and operate the construc-
tion projects abiding to strict laws, regulations and overview of the government. Jiang,
Zevenbergen [18] point out that PPP can be achieved if an attractive business model is
prepared by the government to eliminate uncertainties in policy interventions, credit for
accomplishments and goods ownership among prospective private partners. They also
recommend the systematic monitoring and data collection of ongoing projects to design
performance indicators for project appraisal. This information can also be useful in com-
ing up with a cost-benefit analysis to justify investment values and attract private sector
financing agencies to bridge the financial gaps that this initiative is currently experiencing.
However, the local economy should be kept in mind in joint ventures involving large do-
mestic and international firms, and facilitations for sub-contracts to local firms can be con-
sidered [28].

PPPs also help governments transfer risks to the private sector at a fixed price, to
speed up project delivery, to lower cumulative project expenditures and to enhance cost
certainty for the public sector. However, there are cases where public institutions are hes-
itant towards transferring big projects to private firms due to mutual trust issues [8]. In
fact, cities are incentivized with a 10% bonus from the central government if the PPP con-
tribution is higher than a given percentage of the total budget [30], but this sometimes
prompts financially capable pilot cities to go in for PPPs, thereby resulting in an unwar-
ranted increase in public expenditure and governance-based managerial loads [28]. Cities
like Ningbo have been able to source up to 0.6 billion USD from PPPs and other construc-
tion contracts [25].

Dai, van Rijswick [8] throw light on the conflicts that may arise in PPP policies. Pri-
vate investors may be wary of investing in SC projects because of the lack of performance
information tracking, because as far as drainage infrastructures are concerned, both tan-
gible and intangible results are to be anticipated [25]. Private firms are hesitant to partici-
pate in PPPs because of the lack of legal protection offered to them in case of court dispute
with the public agencies. The alleviation of any forms of perceived ambiguity in the return
of investments for the private firms involved in SCP’s PPPs needs to be addressed [8].

Li, Ding [28] bring up the four main setbacks when it comes to implementing public—
private partnerships in China. First of all, China lacks an independent regulatory body
and laws dedicated solely to PPPs. Secondly, there is an absence of a one-stop online da-
tabases consisting of complete information of PPPs that are up for bidding. Such a data-
base should also include feasibility reports, agreements and statuses of clearances and
land acquisitions to attract interested private agencies. Thirdly, project development par-
ticulars like feasibility studies, land acquisition and environmental, forest and floodplain
clearances need to be listed by the concession authorities to avoid misunderstandings,
mispricing and delayed execution by the partnering private sector parties. Fourthly, insti-
tutional capacities are a major consideration in such large projects at all levels, and more
so at the local governmental levels, which are further augmented by concerns with respect
to risk transfer, financial implications, contractual matters, politics, management and ac-
countability.
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Another hiccup SCP is facing is the fact that 19 out of its 30 pilot cities, including star
cities like Beijing, Tianjin, Chongqing and the capital cities of Fuzhou, Wuhan, Jinan and
Nanning, continue experiencing flooding post-SCP implementation in 2014, which is
hurtful to the public profile of this program, thereby creating shadows of doubts among
the general public and private investors [25].

4.1.10. Technical Specifications

Technical specifications play a very important role in the success of sponge city pro-
jects, and it is necessary to understand that not all practices are of universal suitability.
There is a need for following localized approaches in implementing sponge city facilities
given that urban drainage is subject to local hydrology, rainfall, climate and socioeco-
nomic conditions [30], which calls for localized technical guides with demonstration pro-
jects in addition to the national guidelines provided by the MHURD [18]. It becomes sig-
nificant to educate planning and execution professionals on LID practices to avoid mis-
constructions that might end up worsening situations given the geographical, topograph-
ical, climatic, hydrological and soil variability in China.

Li, Ding [28] pointed out that, though Chinese sponge city pilots differed drastically
in their weather, geographical and topographical conditions, the LIDs recommended
seem to be similar. For example, both the cities of Baicheng and Shenzhen are recom-
mended to have green roofs and permeable pavements, though the former is a cold and
arid region facing water quality and quantity issues, while the latter is a tropical coastal
city with high groundwater tables facing issues like heavy seasonal storms, saltwater in-
trusion and poorly drained soil. Inappropriate strategies tend to aggravate the problem.
As a rule of thumb, infiltrating practices should be avoided in poorly drained soil, high
groundwater tables, steep slopes, landslide-prone areas, floodplains, contaminated soils
and wellhead protection areas, while evaporation-prone measures should be avoided in
arid and semi-arid regions. LID measures involving clayey soils are hard to implement
because of the soil nature, and certain projects involving them have had to be retrofitted
with underdrains indirectly alleviating the benefits of the LID philosophy.

Ma, Jiang [29] blame “design deficits” as the factor behind the blind unanimous im-
plementation of similar LID facilities across the country despite obvious differences in
local conditions. Dai, van Rijswick [8] report cases where cement was used to fill spaces
between permeable paving blocks as used with traditional practices, instead of using the
recommended polymeric sand as prescribed in the sponge city manuals to provide per-
meability for water. In the northern and colder regions of China where the water tends to
freeze during winter months, it becomes impossible to operate certain LID measures
throughout the year. For example, knowledge that green roofs and permeable pavements
help in reducing urban peak flows is not sufficient and should be coupled with site suita-
bility analysis to understand that this practice is not recommended for cold, arid, high
evaporation or evapotranspiration areas facing water quality and water shortage issues.

Currently, a nationwide database containing empirical information of real-life pro-
jects has not been developed, but modeling and field project data of technologies and
practices used in stormwater management are available [18]. Among these practices, per-
meable pavements have the best cost benefits given their low cost and high performance
in preventing runoff generation, and they are capable of removing 80% to 90% of sus-
pended solids. Though other options such as artificial wetlands, lakes, ponds, green roofs
and vegetation buffers require a higher initial cost, they are effective in flood mitigation
and water quality enhancement in addition to serving as public green spaces that help
create ecosystems for ecological diversity within city limits [32]. Li, Huang [31] also found
that permeable pavements had the best hydrological performance for a LID performance
study based in Tianjin airport economic area.

Tang, Chan [26] suggest that in the case of blue-green cities like the water towns
along the Yangtze river delta, increasing the density of water networks should be coupled
with linking them to newly developed LIDs and blue-green infrastructures like wetlands,
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bioswales, urban forests, etc. Ningbo’s eco-corridor has succeeded in increasing the
newer, eastern part of the city’s water storage and decentralized treatment capacity, and
also works as “green lungs” in public spaces.

Xu, Shen [6] studied the old urban center of Hetao in the city of Ganzhou. which is
seldom flooded despite being covered by water on three sides and being located in a city
receiving 1435 mm of rainfall annually, which is on the higher scale with respect to China.
This is intriguing because, in the case of other sponge cities including Beijing, outdated
drainage systems seemed to impede the stormwater conduit capacity of the system, in-
cluding the newer extensions made to improve overall city drainage. The success of this
drainage system can be attributed to its three-part flood defense system including an an-
cient city wall to protect the area against river water intrusion, ditches, open channels and
water windows to provide quick drainage, and ponds to facilitate water storage.

Bai, Li [35] performed a study in the Sucheng district of Jiangsu province, China in-
vestigating the performance of green roofs, permeable pavements, raingardens and con-
cave greenbelts of variable dimensions under constant site locations. The positive impacts
of LIDs were directly proportionate to their proportion of maximum construction area.
Results show that LIDs are generally better suited for runoff reduction than urban peak
flow reduction with rain gardens being the most expensive (58.24 to 160.16 USD/m?), fol-
lowed by green roofs (23.30 to 30.58 USD/m?), permeable pavements (17.47 to 32.03
USD/m?) and concave greenbelts (6.55 to 21.84 USD/m?). Grass swales have been reported
to be the most cost-effective LID practice in scenarios where only one type of LID is im-
plemented [31].

4.1.11. Knowledge, Education and Training

Researchers advocate increased scientific research, capacity building, training, edu-
cation and knowledge sharing of LID and GI facilities necessary to realize SC goals
[2,18,28,30]. Flood management and urban drainage approaches in China have been pre-
dominantly grey infrastructure and engineering-based approaches in the past, and thus
came under the control municipal water engineers [32]. The general criticism towards the
SCP is that it is still predominantly an engineering- and technology-based program [18]
with an institutional sector-to-sector approach, and it lacks in the integration of adminis-
trative bodies.

Jiang, Zevenbergen [18] call for detailed monitoring of SC projects and their data col-
lection to facilitate developing indicators for performance evaluation, comparison,
knowledge exchange and informational sharing with other projects. Currently, most of
the parameters used are taken from published literature and values from experimental
results, but real-time pilot city operations are crucial to improving the accuracy of cost-
effectiveness studies of LIDs [31].

Li, Ding [28] point out that there is not yet sufficient research done on national, pro-
vincial and local levels to satisfy the rapid implementation schedules of the SCP. Due to
the lack of real-time field data, the use of computer modeling-based predictions is resorted
to for coming up with life cycle costs and operation and maintenance necessities under
diverse conditions, which is not as satisfactory in convincing concerned parties who wish
to understand the long-term performance and service requirements of existing sponge
cities. Achieving such ambitious goals, which require tackling almost all urban water-re-
lated issues simultaneously, requires a gradual learning and feedback loop mechanism
[32].

For the successful acceptance and active participation by all sectors of the society, it is
essential to incorporate LID-based education in informal education through media, commu-
nal colleges, etc. for the general public, and in formal education for all age groups from kin-
dergarten to university, along with detailed technical trainings of municipal staff [28].
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4.1.12. Performance, Quality Control and Appraisal-Related Challenges and Recommen-
dations

Currently, the Ministry of Housing and Rural-Urban Development (MHURD), the
Ministry of Finance (MOF) and the Ministry of Water Resources (MWR) are responsible
for selecting and evaluating pilot sponge cities’ performances [28]. Jiang, Zevenbergen
[18] call for the creation of an internal organizational body specially dedicated to the con-
tinued evaluation, diagnosis, guidance, correction and improvement of the Sponge City
Program, considering its magnitude and duration. Transparency and public access to this
evaluation process can enable current, future and potential stakeholders grasp a better
understanding of the standards expected to contribute to these LID practices [32]. Dai, van
Rijswick [8] claim that the strict and short deadlines may have a detrimental effect on the
overall project output. Table 5 summarizes the governance, technical, financial, evaluation
and knowledge-training suggestions to tackle existing challenges of the Sponge City Pro-
gram.

Table 5. Suggestions to tackle existing challenges of the Sponge City Program based on Jia, Wang [30] and Jiang,

Zevenbergen [18].

Governance-Related Sug-

Quality Control, Per-

Knowledge, Educati d
Financial Sug- formance Evaluation nowecge, mtication ai

Technical -
echnical Sugges Training-Related Sugges-

gestions tions gestions and Appraisal-Re- tions
lated Suggestions
. Integration of SC
elements in initial
city master plan-
1. Decentralization of ad- ning
ministrative authority 2. Integration of L Sgtf:ilizzn;g;tﬁorfe-
properly to local gov- green and grey in- ments for moni-
lernrilenti1 can hego t}11§ frastructures’ plan- toring and analy-
ocal authorities build a nin . .
tailored and flexible . Enfircement of S18 1 order. to pro 1. R&D of SC, LID and GI
vide quantitative measures

policy approach appro-
priate for local social,
environmental, eco-
nomic and cultural situ-
ations

2. Integration of local
land-use planning with
SCP

3. Inclusion of SC imple-
mentation and perfor-
mance records in pro-
motion evaluation for
local government offi-
cials

4. Establishment of a via-
ble SC industry chain
through central govern-
ment’s assistance to re-
lated industries

regulations for wa-
ter quality similar
to the National
Pollution Dis-
charge Elimination
System (NPDES)
and the Total Max-
imum Daily Load
(TMDL) programs
used successfully
in the United
States

. Development of lo-

calized regulations
considering local
climate, rainfall,
ecology and im-
portant social and
economic factors

. Provision of de-

tailed technical
guidance, includ-
ing information

1. Promotion of

vate partner- 2.
ships (PPPs)
though a lim-
ited liability

(LLC) frame- 3.

information on fa- 2.

cility performance
and cost-effective-
ness.

Issue of perfor-
mance evaluation
and certification of
SC products from
private companies

Inception of an or-3.

ganizational ca-
pacity in position

that can internally 4.

and continuously
evaluate, diag-
nose, guide and
correct or improve
implementation
during its course

Public engagement: me-
dia, public hearing ses-
sions, comment periods
for mandates, training
sessions for practitioners,
etc. are all viable means
of letting people know
and gaining their sup-
port and participation
Education at all levels
(kindergarten to commu-
nity colleges)

Data collection and
knowledge sharing
across cities




Sustainability 2021, 13, 6346

26 of 31

such as local cli-
mate, hydrologic,
soil and vegetation

. Provision of an op-

erational and
maintenance in-
struction manual

4.2. Policies in India

India is a vast country covering an area of 3.287 million km? and spans across varying
physical, climatic, hydrological, social and demographical features. Tackling flood man-
agement in India is exhaustive in terms of resource requirements in addition to a demand-
ing level of understanding of the issue in hand.

4.2.1. Policies for Flood Management

India does not follow a singular policy-based approach when tackling urban flood
management, but this issue has been covered by several of its programs, namely: Flood
Control Scheme by the Ministry of Water Resources, National Watershed Development
Program for Rain-Fed Areas, Drought-Prone Area Program, Desert Development Pro-
gram, Technology Mission on Drinking Water by the Ministry of Rural Areas and Em-
ployment, Soil Conservation in the Catchments of River Valley Projects and Catchments
of Flood-Prone Rivers by the Ministry of Agriculture [36].

Singh and Kumar [36] summarize the cumulative input from flood management pol-
icies of India as follows: The first step is to develop a thorough understanding of the cur-
rent flooding scenarios and precedented risks in the country. The primary recommenda-
tion to do so is by the preparation of detailed flood risks and damage predictions on strong
scientific basis or real-time data, coupled with the evaluation of existing structural and
non-structural flood management measures. Flood zone and flood risk mapping need to
be prepared with close consultation with local authorities. The second step involves de-
signing contingency plans such as charting out basin-wise strategies in flood-prone areas
and investigating the effects of any international flood management projects that might
influence site parameters, while being mindful of multipurpose projects that are active or
touted to be implemented in these areas and international water boundaries. The third
step involves financial planning essential to construct, operate and maintain existing and
upcoming flood-related projects. The fourth step involves capacity building and training
of frontline municipal workers and pushing for research in this direction at universities
and research institutes.

4.2.2. Planning

Project timelines may be extended if required to enhance design plans by encourag-
ing iterative discussion processes between research and data scientists, policymakers and
government officials. In most cases, the role of these research agencies ends with provid-
ing a risk assessment report, but it makes more sense to continue the discussion until the
implementation and operation of these adaptation measures considering the multidisci-
plinary and interdisciplinary angle to these projects, as well as further data requirements
that may arise to deal with any limitations or uncertainties in the project’s life cycle [37].

4.2.3. Techniques and Methods

India has adopted a flood management strategy tilting towards structurally induced
measures for disaster prevention, but one that falls short of flood-fighting measures dur-
ing the time of the disasters. The structural measures adopted by India include the build-
ing of embankments along its major rivers accounting for a cumulative distance of 34,000
km as a part of the 10th five-year plan which protects 15 million hectares of land against
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pluvial flooding hazards [36]. Increasing conduit capacity through restoration and con-
struction of new drainage systems coupled with dredging, widening and sharp bend re-
movals in channels spanning across 39,000 km was undertaken across the states of Jammu
and Kashmir, Punjab, Haryana, West Bengal, and Uttar Pradesh along with the flood-
proofing of 2500 towns and 4700 villages. However, there exists no evacuation plans or
inundation maps for several dams that could be detrimental if heavy rainfalls induce wa-
ter capacity exceedance in these dams [36].

The non-structural measures include a system of weather forecasting networks
spearheaded by the Central Water Commission (CWC) and the Ministry of Water Re-
sources (MWR), which include 175 stations in flood-prone areas in 62 river sites, with the
use of wireless communication systems and micro-computers [36]. It is important to note
that not all flood management projects have yielded positive results. In the case of Bihar,
its flood-prone zones increased to 7.1 million hectares from the 2.5 million hectares back
in 1954 when the area had practically no flood protection structures. Post the construction
of a 3500 km embankment, the flooding risk amplified because the breaching of a weak
section of an embankment was more damaging than the effect of an unprotected gradual
riverbed breach [36].

4.2.4. Governance

The governance of India is top down with each state’s government being ruled by a
political party that might be different from the political party in power at the central level.
The central government takes on policy making and administrative roles towards flood
management between the different states, while leaving the execution and groundwork
to the respective state governments. India’s river water storage is 177 km?, which accounts
only for 9% of its annual river water volume of 1953 km? [36]. India shares transboundary
rivers with its neighbors including China, Nepal, Myanmar, Bhutan, Bangladesh and Pa-
kistan and has signed international agreements regarding flood forecasting, but more ac-
tive engagements are required from all parties concerned.

4.2.5. Regulations

The Central Water Commission (CWC) is the control point of flood control since 1945.
Its roles include planning flood management, drainage and erosion control schemes, mon-
itoring their initializations, technical and cost-based evaluations of flood control
measures, real-time data collection, forecasting and transmission of floods to local gov-
ernments to aid the timely evacuation of people. The Central Flood Control Board (CFCB)
was setup in 1954 to design country-scale flood mitigation plans but was dissolved in 1977
due to its merger with a different initiative. The National Flood Control Program was also
initiated in 1954 and has been instrumental in the design and execution of structural, non-
structural, legal and institutional flood protection measures [36].

4.2.6. Finance

The funding for floods in India can be separated into two types: funding required for
flood protection and funding for post event disaster management. Funding for flood pro-
tection measures like dam building, channeling, etc. is allocated by the union government
of India, which is the deciding authority of these projects. Responsibilities in planning and
executing these projects are vested with the state governments and union territories. In
the event of a flood disaster, the Calamity Relief Fund (CRF) and the National Fund for
Calamity Relief (NFCR) pitch in to help states with rescue, relief and rehabilitation proce-
dures [36]. It is to be noted that flood disaster management funds are independent of the
flood planning funds allocated by the union government.
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4.2.7. Knowledge, Education and Training

Knowledge on planning, designing, surveying, hydraulic data recording and usage

in analytical research and detailed project report (DPR) creation should be transmitted to
professionals in this area by outsourcing experts for training purposes if necessary. To
scale up the success, members from all strata of the society including women, farmers,
social workers and NGOs should be roped along with the support of local news agencies
and media houses [36]. Suggestions for research requirements at the national and local
levels are illustrated in Figure 6.

RESEARCH REQUIREMENTS AT NATIONAL LEVELS

B P Developing computer models and tools to assist planning, design, monitoring and
9 performance evaluation purposes

- ‘Assessing urban soils across the country for the suitability of sponge city practices

‘Com pleting design, operation, maintenance and decision support guidelines ‘

Establishing a national database for sponge-city-related data, information,
@ technology and demonstration

RESEARCH REQUIREMENTS AT PROVINCIAL AND LOCAL LEVELS

s { ‘Assessing sponge city impacts on watersheds ‘

Developing incentives to encourage low impact development measures for
urban water management

Conducting cost of service studies and fiscal impact analyses to determine the
impact on the fiscal health and viability of the community

|||

Conducting triple bottom-line (social, economic, and environment) analysis to
&9 identify means for saving and/or funding sponge city practices as opposed to
gray infrastructure

Figure 6. Research requirements at national, provincial and local levels based on Li, Ding [28].

5. Discussion

This study acknowledges the progress made by India and China in approaching ur-

ban flood management and suggests the following to amplify the impact of their respec-
tive programs:

1.

India may consider transitioning to an urban water resilience approach using LID
practices as advocated by China’s Sponge City Program, as opposed to traditional
flood managerial approaches. LIDs are beneficial because of the use of decentralized
natural measures that do not interfere with future urbanization developments as tra-
ditional practices do, with respect to disturbing existing structures in terms of drain-
age re-laying, etc.

China may consider pushing for either PPPs, as practiced in Western countries, or
open contracts/tenders, as done with most projects in India, to enhance funding op-
portunities for SCP projects. Coupling these projects with local economy-boosting
programs is a win-win suggestion for both the national and local economy.

It is suggested that countries should consider further enhancing their inter-govern-
mental and inter-agential cooperation between sectors involving water quality, flood
management, land-use planning and water supply to achieve holistic urban water
resilience while working in coordination with other related and tangential projects.
It is recommended that countries work on creating or enhancing the available infor-
mation in open access databases with complete and real-time information of ongoing
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projects to aid researchers working on these topics and to improve transparency to
attract more private companies.

5. Retrospection of projects’ life cycle management may help to decide if providing ad-
ditional time during the planning phase may further enhance project performance.

6. Sustainability education across all age groups and technical training of green devel-
opment practices among university students, researchers, policy makers, govern-
mental officials, politicians and municipal workers are both crucial for the seamless
planning and execution of these projects.

7. Further customization and localization of LID practices may enhance the success of
these projects. Pilot site-based research projects involving scientists may be beneficial
to constantly update best local practices, which calls for the creation of research
grants and funding funnels to encourage scholarly contribution.

8. To spread the word to all sectors of society, governments can consider recruiting
goodwill ambassadors and NGOs with strong public acceptances to eliminate any
negative stigma surrounding these projects.

Given that urban flooding continues to be of major concern in most of the countries,
coordination and communication between scholarly work and real-time site work need to
be periodically represented to relevant decision makers to bring about long-term, practical
and sustainable urban water management.

6. Conclusions

A systematic literature review was conducted to trace recent urban flooding cases in
India and China, between 2014 and 2020, and their respective flood management ap-
proaches were critically analyzed.

This review identifies the following research gaps to be addressed:

e  Provision of a bird’s eye view of urban water management policies and approaches
of India including, but not limited to, urban flood mitigation.

¢ Information on existing and/or developing public access databases for sponge city
projects in China.

e  Creation and public access to water resources and flood report data at city, district,
province and state levels in both the countries.

e Process and stakeholder details in water management policy drafting and frame-
works of both countries.

e Information on pathways for cross-national experience sharing in urban water man-
agement with LID and BMP pioneers in the West.

e Clear studies comparing the effect of LID and SC elements in flood-prone zones be-
fore and after the implementation of these structures.

This work hopes to encourage further such comparative global studies to promote mu-
tual learning and knowledge transfer in achieving urban water resilience either through bi-
lateral programs or through detailed cross-boundary case studies and literature reviews.
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