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Three Days Online Capacity Building Program on 

Urban Flood in Kolkata & Storm Surge Impact by YASS-2021 
 

 

 

 

 

 

 

 

7 – 9 July, 2021 (3:00 PM – 5:00 PM) 

 

Day 1: Wednesday, 7th July, 2021 

 

Time Resource Persons 

Moderator: Mr Arindam Ray, Director-Academic Affairs, SAIARD 

3:00PM – 3:40 PM Inaugural Session 

Welcome Address by Mr Arindam Ray, Director-Academic Affairs,SAIARD 

Inaugural Address Dr Biswajit Roy Chowdhury, Chairman, SAIARD 

Theme Address by Dr Chandan Ghosh, Professor & Head, Resilience 

Infrastructure Division, NIDM, Government of India 

Special Address by Dr Sutanu Kar, IAS, Former Director, Institute of Local 

Government and Urban Studies, Govt of West Bengal 

Special Address by General Dr. V. K. Naik, Sr. Consultant (NDRF,CD&HG), 

NDMA, Government of India  

Keynote Address by Major General Manoj Kumar Bindal, Executive Director, 

NIDM, Government of India 

3:40 PM – 4:10 PM Presentation by Dr Chandan Ghosh, Professor & Head, Resilience Infrastructure 

Division, NIDM, Government of India on Living with Urban flooding 

affordable resilient measures 

4:10 PM – 4:40 PM Presentation by Prof. S. Bandyopadhyay, Professor, CEPT University, Gujarat  

on Flood Risk Inclusive Urban Planning in Indian Cities 

4:40 PM – 4.55 PM Question and Answer Session 

4.55 PM – 5:00 PM Vote of Thanks 
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Day 2: Thursday, 8th July, 2021 

Time Resource Persons 

3:00PM – 3:10 PM Brief Introduction of 1st day lecture by Dr Chandan Ghosh, Professor & Head, 

Resilience Infrastructure Division, NIDM, Government of India 

3:10 PM – 3.55 PM Presentation by Mr Partha Pratim Datta, Manager (Env.), S.P. Mookerjee Port 

(Formerly Kolkata Port Trust), Kolkata on Facing cyclone: Port experience 

3.55 PM – 4.40 PM Presentation by Dr U. Bhonde, Project Coordinator, NMCG, NIUA, Govt of 

India on Avenues for urban flood resilience in Indian cities 

4:40 PM – 4.55 PM Question and Answer Session  

4.55 PM – 5:00 PM Vote of Thanks 

 

 

Day3: Friday, 9th July, 2021 

Time Resource Persons 

3:00PM – 3:10 PM Brief Introduction of 2nd day lecture by Dr Chandan Ghosh, Professor & Head, 

Resilience Infrastructure Division, NIDM, Government of India 

3:10 PM – 3.55 PM Presentation by Mr P. Gupta, RTDA, NMCG, Min. of Jal Shakti, Govt of India 

on Significance of Digital Elevation Model in urban flooding 

3.55 PM – 4.40 PM Presentation by Mr Niladri Banerjee, Sr. Manager, Hexagon Geospatial Pvt. 

Ltd. on Geospatial modelling & urban flood mapping from management 

perspectives  

4:40 PM – 4.55 PM Question and Answer Session  

4.55 PM – 5:15 PM Vote of Thanks Dr Chandan Ghosh, Professor & Head, Resilience 

Infrastructure Division, NIDM, GOI 

Mr Arindam Ray, Director-Academic Affairs,SAIARD 
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• Dr Chandan Ghosh, Professor & Head, Resilience Infrastructure Division, NIDM, GOI 

• Mr Arindam Ray, Director-Academic Affairs,SAIARD 

• Mrs. Moonmoon Sen, Faculty, IIGST-SAIARD 

• Mrs. Piya Banerjee, Faculty, SAIARD 

• Ms Antara Kundu, Project Executive, SAIARD 

• Mr Sudip Dey, Executive, SAIARD 
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3 days OTP  

on 

Urban Floods in Kolkata and Storm Surge Impact by YASS-2021 
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Background 

 

Flooding intensity in Kolkata has been a recurrent phenomenon. Kolkata, has experienced 

unplanned expansion and rampant concretization as a result of large scale influx of population, 

making it prone to flooding. The problem is aggravated further by the natural sloping pattern of 

the city resulting the clogging of drainage lines, siltation of the existing canals and shrinkage of 

the wetlands in the eastern part of the city, which act as the repository of Kolkata’s storm and 

sewage water.  
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Flooding in Kolkata due to heavy rainfall at high tide in the Hooghly River is a recurring distress 

to city life. More intense rainfall, riverine flooding, sea level rise, and coastal storm surges in a 

changing climate have now led to widespread and severe flooding and bring the city to a 

standstill for several days. Since urbanisation brings with itself the development of artificial land 

cover, water logging becomes a common phenomenon, as infiltration is not allowed by metalled 

surfaces.  

 

Kolkata, one of the oldest developed megacities of the world, faces the same problem. Urban 

growth in most of the developing and developed countries of the world has taken place in an 

unsustainable way, where resources as well as the demand for energy, water, sanitation, public 

services, health care, and education suffer from excessive pressure (UNDESA, 2013). With 

increasing influx of population, it has been often found that localities and the supporting 

infrastructure become too overloaded to cater to the needs of the people. Such trends develop all 

over the world, when people often settle first, after which associated infrastructure develop. 

Therefore, urban flood is increasing day by day with the various effects of climate change which 

includes increasing rate of rainfall and alteration of temperature and the scenario is also 

aggravated by the rate of human intervention, in the form of urbanisation of spaces and 

deforestation. 

 

Flood Forecasting System by KMC-ADB 

 

After successful implementation of the Kolkata Environment Improvement Project (KEIP), 

KMC is implementing another ADB-supported project, the Kolkata Environment Improvement 

Investment Program (KEIIP). Besides upgrading urban services in Kolkata, ADB has also been 

assisting KMC to make it a smart and resilient city by modernizing fi nancial, administrative, 

and asset management systems; reducing urban fl ood risks; improving land use planning; and 

developing their capacity to reach citizens through introduction of a flood forecasting and early 

warning system (FFEWS). The FFEWS for Kolkata has been designed and implemented through 

a technical assistance (TA) attached to KEIIP, TA-9157 IND: Strengthening Climate Resilience 

of Kolkata through Improved Planning and Disaster Risk Management, funded by ADB’s Urban 

Climate Change Resilience Trust Fund (UCCRTF) under the Urban Financing Partnership 

Facility. A consortium comprising consultants from TARU Leading Edge Pvt. Ltd., 

PricewaterhouseCoopers, and Antea Group is assisting KMC to design and implement the 

system. 
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Fig. 1: Kolkata Flood Monitoring and Early Warning System (KMC-ADB, 2018) 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Flood Forecasting and Early Warning System in Kolkata (KMC-ADB, 2018) 
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Scope 

Urban pluvial (surface water) flooding – a flooding phenomenon in urban areas occurs when 

intense, prolonged rainfall allows surface water to collect in places once the capacity of the 

drainage system exceeds. This is one of the principal hazards in modern towns and cities (Tucci, 

2007). Such flooding results in major economic losses and irreversible social and environmental 

problems. Thus solving it is a challenge in our towns and cities. Kolkata has been facing such 

problems since long.  

Recent flooding and Storm Surge due to Cyclone YAAS have recalled, what has been the fate of 

capacity development and drainage measures. So this 3 days program entails upon the mitigation 

measures so far adapted to the city of Kolkata and planning for the resilient measures, including 

impact of Storm water Surge due to Cyclone YAAS.  

Objectives 

The objectives of the program are: 

1. To sensitize people about the importance of cleaning the Storm water drainage system 

with community development spirit 

2. What measures have been inadequate while facing recent heavy rains and storm water 

surge 

3. What are the economic losses and how mitigation measures would help legating the 

losses so caused  

4. How to retrofit their homes to improve resistance to floods and avoid buying homes in 

vulnerable areas identified by KMC 

5. What kind of synchronization of the pumping stations in the city, Tide/storm surge in the 

Hoogly River and recently deployed Flood Forecasting and Early Warning system by 

KMC-Kolkata  

 

Why Urban Flood? 

Urban flooding is a sudden and localised consequence of rainfall in urban areas due to the high 

proportion of tracked and artificial surfaces, which restrict the process of infiltration and 

increases surface runoff. Often the wake of urbanization is responsible for altering the natural 

drainage routes. Further, the growing urban population and degree of urbanisation pressurizes the 

human laid drainage networks, thereby reducing the discharge of the excess water. Urban 

bottlenecks such as insufficient infrastructure, indiscriminate waste dumping, silting of the 

drainage systems etc., the slope of the land being a cause of flooding has remained perenial issue 

in Kolkata. 

Some of the reasons for Urban flooding are: 

1. Rapidly expanding megacities are facing many problems. Uncontrolled growth of mega 

cities has increased their vulnerability to flooding.  

2. Residents of flooded cities face rapid industrialization and urbanization has led to 

concentration of the population around the expanding fringes of the mega cities.  
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3. Due to improper planning of growing mega cities there is a very low capacity of such 

societies to absorb flood shocks. 

4. Due to intense and periodic rain, huge quantity of water flows, beyond the capacity of old 

drainage systems of the mega cities.  

5. Drainage system gets blocked due to silting, dumping of waste material at the inlets of 

drainage, encroachment over natural drainage and water bodies. 

 

Kolkata Metropolitan Area  

The KMA, the capital of the State of West Bangal, has an area of 1,851 km2 that covers a 

complex of administrative entities comprised of three municipal corporations. These include the 

KMC, 38 other municipalities, 77 non-municipal urban towns, 16 suburban areas, and 445 rural 

areas. The KMA is one of Asia’s largest urban centers. It is among the 30 largest megacities in 

the world, having population in excess of 10 million (UN Department of Economic and Social 

Affairs 2005). As per the 2001 Census, the population of the KMA was 14.72 million. The 

average population density in the KMA is 7,950 persons per square kilometer. Its annual 

population growth rate was in the 1.8–2.6 % range by 2001, and its population was projected to 

rise to 17 million in 2011, 20 million in 2021, and 21.1 million in 2025 (KMDA 2010). Although 

Kolkata (KMA) is often perceived as a coastal city, in reality it is about 145 km away from the 

Bay of Bengal (see Fig. 1). The KMA is 1.5 to 11 m above mean sea level (MSL), with an 

overall average of about 8 m above MSL. The KMA has a tropical wet-and-dry climate, with 

annual mean temperature 26.8 °C and monthly mean temperature 19–30 °C. The region around 

the KMA is subject to short, high intensity precipitation, especially during the monsoon months 

between June and September. This, along with the occasional coincidence of high tide, is the 

usual cause of urban flooding. Annual rainfall is about 1,600 mm, and the greatest rainfall 

usually occurs during the monsoon in August. Urban built-up land constitutes 54.2 % of the 

current total area of the KMA, with the remaining area under non-urban use, mainly as 

agricultural land in peripheral areas and wetlands in the eastern parts. In urban areas, residential 

use is predominant, with a share of about 31.2 % of the total area. The drainage and sewer 

network in the KMA is sparse and not commensurate with its area of 1,851 km2 . Where the 

network exists, it is mostly comprised of a century-old drainage and sewer system. The drainage 

system is divided into 25 drainage basins (catchment areas), and the entire metropolitan area is 

divided into 20 sewer zones (zones for the sewer network). 

 

Rains In Kolkata 

The city’s climate, is a majorly tropical wet-and-dry climate with monsoons in the summer. The 

mean temperature is annually 26.8 °C, while the maximum temperatures may often exceed 40 °C 

during May–June. During the monsoons, i.e., between June and October, it is the Bay of Bengal 

branch of the south west monsoon which brings the maximum amount of rainfall which is 

around 306mm in August while the average annual rainfall experienced by the city is almost 

around 1600 mm. Other than this tenure spells of rainfall often provide the residents with relief 

during the Nor’westers in the month of April. 

Kolkata Flood 
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Mumbai flood in July 2005 followed by other major cities of South Asia like Dhaka, Islamabad, 

Rawalpindi also suffer from urban flooding. In Kolkata areas such as Rashbehari, Tollygunge, 

Kalighat, Shyambazaar, Cornwallis Street, College Street, Dalhousie, Bowbazaar and others are 

the worst affected areas where pluvial flooding is the norm of the rainy season Flood waters in 

Kolkata rise up to knee height. Since about 800 mm of rain is received by 1 square km area, 

approximately in a year, it is difficult to channelize the flow along these roads. Pluvial flooding 

in the city is a result of increased concretisation, indiscriminate rubbish dumping clogging the 

drainage lines, and the natural slope of the city. This greatly affects the transportation systems, 

the economy in the surrounding areas, as well as public health. 

Fig. 3: Prime Agents of Urban Flooding in Kolkata 

Mitigation Measures  

The administrative authorities believe that water logging occurs due to siltation of the drainage 

pipelines, failure of pumps, the urban areas suffer from pluvial flooding also due to their 

morphological arrangement. The structure of the roads and the adjacent placement of the drains 

is not in tune. People further aggravate the situation by clogging the mouth of drains by dumping 

rubbish. For proper management of the existing problem, certain measures may be adopted such 

as, changing the road structure into a ridge like pattern where water slopes down from the mid 

sections to the mouth of the drain at the sides, proper cleaning of the pipes and its dredging, 
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developing underground reservoirs to aid rainwater harvesting systems at various institutional 

and household levels. Beside these, further shrinkage of the East Kolkata Wetlands which act as 

the repository of Kolkata’s rain and sewage water should be stopped and conserved. All these 

may provide a better management of the problem of flooding in Kolkata. 

However, impacts can be reduced by various measures, some of which are given below: 

a. Better forecasting of heavy rain over mega cities with the help of Doppler radars. 

b. Identification of vulnerable zones in and around the mega cities against risk of floods and 

improved disaster management procedures. 

c. Improvement of old drainage systems, re-enforcement of weak and old buildings and 

introduction of area specific building codes. 

d. Implementation of health and sanitation measures to prevent spreading of diseases. 

e. Preparation of a long term plan aimed at diversification of industries and employment 

opportunities to prevent large scale migration of population and overcrowding of the 

mega cities. 

f. Greater awareness among the public for the weather warning and forecasts. 

g. Pollution control measures with planning of green cities, including urban reforestation. 

 

Expected Outcome 

The deliberation from the 3 days NIDM-SAIARD program shall be endorsing the people 

living in flood prone area of Kolkata to adopt mitigation measures, save their 

properties/vehicles, use water-resistant protective apparel, clearing clogged drains, restricting 

post flood disease spread, adopting ground level preventive actions and finally should be able 

to form partnerships between different groups and organizations to make the city ready for 

extreme weather events, reducing damage and loss 

Reference: 

1. Towards Resilient Kolkata,(KMC-ADB) (2018)  

https://www.preventionweb.net/files/63363_towardresilientkolkata.pdf (accessed on 26th 

June 2021) 

2. U.S. De, G. P. Singh and D. M. Rase (2013) Urban flooding in recent decades in four 

mega cities of India , J. Ind. Geophys. Union, Vol.17, No.2, pp. 153-165 

3. Intergovernmental Panel on Climate Change. 2014. Climate Change 2014–Impacts, 

Adaptation and Vulnerability: Regional Aspects: Cambridge University Press.  

4. Kolkata Municipal Corporation. (2014). Action Plan To Mitigate Flood, Cyclone & 

Water Logging. 

http://wbdmd.gov.in/writereaddata/uploaded/DP/KMC%20DM%20Plan%202014.pdf 

5. Tucci, C.E.M, (2004). Urban flooding, WMO Bulletin, 53 (1), pp:37-40 

6. Wakode, H. (2012). Monsoon and Urban Flooding in Indian Megacities. Urbanisation 

and Water. Retrieved on: 8th April 2016. Accessed from: 

http://www.waterandmegacities.org/monsoon-and-indian-megacities/ 
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Brief Bio-data of Speakers 

 

 Maj Gen (Dr) VK Naik ,Kirti Chakra,AVSM, graduated from the Banaras Hindu University 

and the Prestigious National Defence College, New Delhi. He has attended an 

international course in Disaster Management at the Cranfield University, 

United Kingdom, and has done his PhD in Disaster Management on 

“Preparedness and Response – NBC Hazards”. Besides he has earned M.Phil 

in “National Security &amp; Strategy” as also M.Phil in “Defence Studies 

&amp; Management”. During his military career of about 38 years, he was 

awarded the Kirti Chakra, the second highest gallantry award and the 

AVSM, the second highest national award for distinguished service in the 

Armed Forces. He has commanded a Mountain Division and was Chief of 

Staff of a Corps in J&K. He has also served as an Advisor in the Cabinet Secretariat, 

Government of India. He has been a Senior Consultant at the National Institute of Disaster 

Management, MHA , New Delhi and was intensely involved in various Capacity Building 

initiatives, training programmes, workshops and seminars at national and International level. He 

has contributed towards documentation of disasters – “Uttarakhand Disaster 2013” and “India 

Disaster Report 2013” published by the NIDM. His paper on “Climate Change and National 

Security” has been published by a leading think tank, the Institute of Defence Studies and 

Analysis, New Delhi.. He has been a member of the Advisory Committee on Human Induced 

Disasters, Bihar State Disaster Management Authority (BSDMA) , Govt of Bihar and visiting 

faculty disaster management at Several reputed institutions including Guru Govind Singh 

Indraprastha University and Jindal Global University. He has rich experience in, management of 

Emergencies &amp; Humanitarian Crisis including disaster response for natural as well as 

manmade disasters as also development and monitoring of complex operational and crisis 

management plans at the highest level. He has conducted numerous disaster response Mock 

Exercises in various States &amp; UTs across the country. He has also been involved in the 

emergency response exercises of Nuclear Power Plants under Department of Atomic Energy and 

for Tsunamis under the Indian National Center For Ocean Information Service (INCOIS), 

Ministry of Earth Sciences , Government of India ; and also for Events of mass gatherings such 

as Amarnath Yatra. He has been a Senior Consultant at the NDMA, Government of India, New 

Delhi for 5 years and has been involved in planning, coordination, and conduct of various 

capacity building initiatives at national and international level. 

 



Prof. Saswat Bandyopadhyay, is a civil engineer with advance qualifications in Urban Planning 

and Infrastructure Management. His ongoing doctoral research work focuses on 

Climate Change and Urban Vulnerability in India. He is presently a Professor 

and area chair of Infrastructure Planning program at the CEPT University. 

Saswat Bandyopadhyay has over 22 years of experience in the urban 

development sector in South Asia with a focus on city development planning 

and designing of environmental infrastructure. Since 2007, he has been spear 

heading urban capacity development activities in several Indian JNNURM 

cities in India, extending support in city development planning and 

infrastructure prioritization. As a team leader, he has been involved preparation 

and appraisals of several city and comprehensive development plans across 

various regions of India. He has also lead the roll out of National Urban Capacity Development 

initiatives such as RTP and RCBH under the JnNURM by Government of India. Saswat was also 

involved in several pan-asia pilot initiatives such as ADB Green Cities Toolkit in Asia, CDIA 

Localization of CIIPP Toolkits in India & Nepal, Piloting of World Bank Supported Cultural 

Heritage and Tourism Assets based City Development Strategies and Sustainable Tourism 

Assessment Toolkit for India Prof. Saswat has also worked extensively in the field of urban lakes 

and water resources management studies in South Asian context such as environmental 

management plans and strategies for East Kolkata wetlands, Bhoj wetlands among others. 

Saswat has also been a member of the working group set up by Planning Commission of India 

for 12th Five Year in 2012 as well as an expert committee member for National Development 

Council (NDC) Sub-Group on Urbanisation. He is presently member of the Expert Committee 

set up by Delhi Development Authority (DDA) for Green Delhi. Saswat has worked in India, 

Bhutan, Bangladesh, China, Nepal and in Pacific Island Countries. 

 

Mr. Peeyush Gupta, An officer belonging to the National Mission for Clean Ganga (NMCG), 

Department of Water Resources, River Development & Ganga Rejuvenation, Ministry 

of Jal Shakti, Peeyush Gupta is working as Real Time Information Specialist and 

Nodal officer of GIS Cell, Ganga Knowledge Centre, NMCG. He has spearheaded 

GIS projects in Namami Gange programme an integrated and comprehensive river 

rejuvenation approach, and its projects spanning 11 States of the Ganga river basin, 

supporting a model programme for River Rejuvenation in India. He has been 

responsible for various policy level interventions including the LiDAR mapping, 

Corona project, Bhuwan Ganga geoportal, cultural mapping, microbial mapping, 

spring rejuvenation, wetland mapping, aquifer mapping, afforestation mapping & 

biodiversity mapping, fisheries mapping and sand mining, water quality decision support system 

and capacity building bringing to completion multiple projects for Aviralta and Nirmalta of 

River Ganga. He is a member of national planning projects as small river rejuvenation of Ganga 

basin it is part of Jal Shakti Abhiyan and National evaluator of smart India hackathon-its PM 



initiative programme for young engineering students. He is nodal officer for ISRO projects, 

Vigyan Prasar, DST projects, Survey of India projects. His academic background is M.Sc. 

Environmental Sciences (CSJM University, Kanpur), M. Tech. Remote Sensing & GIS (SRM 

University, Chennai), MBA (IIEE, Delhi) in Environmental Management, diploma certificate 

course in river resources (World Metrological Organisation) and certificate course in RS GIS 

(IIRS/ISRO). Mr. Gupta has one-decade experience in the field of River Resource Monitoring & 

Management. He started his early carrier from prestigious organizations started with SRF at 

Indian Council of Forestry Research & Education, Dehradun, GIS Associate at Disaster 

Mitigation & Management Centre, Dehradun, Project Scientist at Uttarakhand Space Application 

Centre, Dehradun, Senior Project Engineer at National Informatics Centre, Delhi. He has 

received award as best reviewer award, best paper and poster presentations award, International 

congress cartography association award, India Geospatial Leadership award, ESRI Contest 

award, etc. He is an advisory board member of South Asian Institute for Advanced Research & 

Development and editorial board member of the International Journal of Higher Education and 

Research, Research publish journals, Global Journals US, International Journal of Engineering & 

Technical Research, World Research Journal of Geoinformatics, International Journal of 

Environment and Namami Gange Monthly Newsletter of ministry of Jal Shakti. He is holding 

life membership of professional bodies as International Society of Photogrammetry & Remote 

Sensing, International Society for Research & Development, Indian Science Congress 

Association, Indian Society of Geomatics, Indian Society of Remote Sensing and Indian 

Association of Hydrologist. He has published more than 30 research paper, 6 book chapter and 

15 articles in International and National reputed journals. 

 

Mr Partha P Datta is Gradated in Civil Engineering from IIEST Sibpur(formerly 

B.E. College Sibpur)  in 1985.Master in Environmental Engineering from same 

college in 2000. Working in Kolkata port for long 34 years .In his long carrier 

Sri Datta has wide range of experience in port & harbour works like berth,jetty, 

dry docks, lock gates etc.He has wide range of experience in River Training 

Works at differen strches river Hooghly like.Phalta reach,Diamond 

Harbour,Kulpi,Sagar etc. He has expertise in dealing wirh works on structures 

on tidal structures. As Manager (Environment) he is looking after the major 

environmental issues of Port.In his capacity he has experience of dealing 

number of port project for  Environmental & CRZ clearence and represented Port to Mo EF & 

CC .He has developed special intetest & knowledg on CRZ issues for river Hooghly. 

 

Dr Uday Bhonde is Doctorate in Geology and has completed his Post Graduate 

Diploma in Urban Planning and Development. He has 15+ years of work 

experience in the disaster risk reduction, climate change adaptation and urban 



water & sanitation sectors. Conjunctive water management, urban lake management, urban flood 

resilience and fostering innovations in the urban WASH sector are some of his key assignments in 

the past. Uday has trained professionals in Bangladesh, Sri Lanka and Rwanda on sustainable urban 

water management topics. He has published several research papers in peer reviewed journals and 

prepared training modules, workbooks, compendium and a guidebook for the capacity building 

programmes of the municipality and parastatal agency officials to adopt sustainable urban water and 

waste water management practices. Currently he is Project Coordinator at NIUA and working on an 

ambitious project on Addressing urban drivers of river health in Ganga Basin with National Mission 

for Clean Ganga, Ministry of Jal Shakti. 

 

Mr Niladri Banerjee, Working with more than 15 years of experience in the field of Remote 

Sensing, GIS and Web based geospatial technologies. My pre-sales and support 

activities overcast East and North-East India, Bangladesh and South-East Asia. 

Being an experienced product trainer imparted several overseas training on 

Hexagon Geopspatial desktop products. Involved in in-house software testing 

program. Being a techie my prime focus is to technically close deals by various 

innovative Proof Of Concepts. Written and writing several technical solution 

documents, concept notes and white papers combining Hexagon Geospatial 

software stack. 

 


