Supplementary Information: Complexity of the Indo-Gangetic aquifer system
revealed by in situ observations
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Supplementary Table 1: Groundwater abstraction data sources

Pakistan

Cheema. M. J. M., Immerzeel ,W. W. & Bastiaanssen, W. G. M.. Spatial quantification of groundwater
abstraction in the irrigated Indus Basin. Ground Water 52, 25-36 (2014).

Basharat, M. & Rizvi, S. A. 2011. Groundwater extraction and waste water disposal regulation. Is
Lahore Aquifer at stake with as usual approach? In: Proceedings of World Water Day 2011 Water for
Cities-Urban Challenges, (Pakistan Engineering Congress, Lahore, Pakistan 135-152 2011)

Ahmad, S., Mulk, S. & Amir, M. Groundwater Management in Pakistan. First South Asia Water
Forum Kathmandu Nepal (Pakistan Water Partnership. Pakistan 2002).

Halcrow-ACE. Exploitation and regulation of fresh groundwater. Main Report. ACE-Halcrow JV
Consultants, Gulberg Ill, Lahore, Pakistan (2003).

FAO. AQUASTAT. Food and agriculture organization of the United Nations (Accessed Feb 2015)

India

Central Groundwater Board District Groundwater Information 2013 (accessed online July 2014)

Bangladesh

Michael, H. A. & Voss, C. |. Controls on groundwater flow in the Bengal Basin of India and
Bangladesh: regional modelling analysis. Hydrogeology Journal 17, 1561-1577 (2009).

Shamsudduha, M., Taylor, R. G. & Chandler, R. E. A generalized regression model of arsenic
variations in the shallow groundwater of Bangladesh. Water Resources Research 51, 685—703 (2015).

DWASA. Annual Report of 2011-12. (Dhaka Water Supply & Sewerage Authority, Dhaka, 2012)

Nepal

GeoConsult. Study of tube well inventory of 22 Terai and Inner Terai Districts, Nepal. (Groundwater
Resources Development Board, Ministry of Irrigation, Government of Nepal, Kathmandu, 2002).

Seibert. S.et al. Groundwater use for irrigation — a global inventory. Hydrological Earth System
Science 14, 1863-1880 (2010).

Rate of increase of abstraction

Shah T. Climate change and groundwater: India’s opportunities for mitigation and adaptation,
Environmental Research Letters 4, 035005 (2009)

Shah, T., Burke, J. M. & Villholth, K. et al 2007 Groundwater: a global assessment of scale and
significance. In: Water for Food, Water for Life: A Comprehensive Assessment of Water Management
in Agriculture Ed D Molden (London: Earthscan) (Colombo: IWMI)

Quereshi, A.S., Gill, M. A. & Sarwar, A. Sustainable groundwater management in Pakistan: challenges
and opportunities. Irrigation and drainage 59, 107-116 (2008).CGWB. 2014. Ground Water Year
Book 2012-13 - India. CGWB. 100 pp

FAO. 2012. Irrigation in Southern and Eastern Asia in Figures, AQUASTAT Survey 2011, FAO Water
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Reports 37,Rome (2012)

Total Number of boreholes

Khan, M. M. H., Aklimunnessa, K., Kabir, M., Mori, M. Determinants of drinking arsenic-
contaminated tubewell water in Bangladesh. Health Policy and Planning 2, 335-343 (2007)

Michael, H. A. & Voss, C. |. Controls on groundwater flow in the Bengal Basin of India and
Bangladesh: regional modelling analysis. Hydrogeology Journal 17, 1561-1577 (2009).

Government of India . All India Report on Input Survey 2006-07. (Agriculture Census Division,
Department of Agriculture & Cooperation, Ministry of Agriculture, Government of India, New Delhi,
2012)

Government of India (. State of Indian Agriculture 2012-13. Ministry of Agriculture, Government of
India, New Delhi, 2013)

Rawat, S. & Mukheriji, A. The poor state of irrigation statistics in India: the case of wells and tube
wells. Water Policy Highlight (MWI-TATA Water Policy Programme, Gujarat, India, 2012).

Yu, W, Yang, Y. C., Savitsky, A., Alford, D., Brown, C., Wescoat, J., Debowicz, D. & Robinson, S. The
Indus Basin of Pakistan, the impacts of climate risks on water and agriculture. (The World Bank,
Washington DC, 2013).

GeoConsult. Study of tube well inventory of 22 Terai and Inner Terai Districts, Nepal. (Groundwater
Resources Development Board, Ministry of Irrigation, Government of Nepal, Kathmandu, 2002).

Total global groundwater abstraction
Margat, J., & J. van der Gun. Groundwater around the World. (CRC Press/Balkema, London, 2013).

Wada, Y., Beek, L. P. H., van Kempen, C. M., Reckman, J. W. T. M., Vasak, S. & Bierkens, M. F. P. 2010.
Global depletion of groundwater resources, Geophysical Research Letters 37,L.20402

Supplementary Table 2: Data sources for water-table records

India

Central Ground Water Board (CGWB) groundwater-level quarterly monitoring data from Indian
national groundwater level archive sourced from CGWB, National Data Centre, NH-IV, Faridabad
(accessed Feb2014)

Six monthly, groundwater level data courtesy of individual state government (Groundwater
Directorate or Directorate/Water Resources) in Assam, Bihar, Punjab, Uttar Pradesh, West Bengal.
(gathered

Monthly groundwater-level monitoring data for Bist-Doab, Punjab, courtesy of Punjab State
government 1975-2012.

Pakistan

Pakistan Water and Power Development Authority (WAPDA) groundwater monitoring data records
for Pakistan across both the Upper and Lower Indus Basin Irrigation System: six-monthly data for
Sindh [some monitoring points of which were originally for the Salinity Control and Reclamation
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Project (SCARP) Monitoring Organisation (SMO), and six-monthly for Punjab (collated by Department
for Land and Reclamation Punjab of the Government department of Irrigation and Power, of the
Punjab Irrigation and Drainage Authority Lahore, and deposited with WAPDA).

Some of these data are presented and/or summarised in the following reports and publications:

Basharat, M., Hassan, D., & Bajkani, A. A. & Sultan, S. J. Surface water and groundwater Nexus:
groundwater management options for Indus Basin Irrigation System, International Waterlogging and
Salinity Research Institute (IWASRI), Lahore, Pakistan Water and Power Development Authority,
Publication no. 299, (2014).

Igbal, R. M. & Hannan, A. Groundwater Monitoring Report 2012, Directorate of Land and
Reclamation Punjab, Irrigation and Power Department, Punjab Irrigation and Drainage Authority,
Lahore (2012).

Basharat, M. & Tariq, A. U. R. Long-term groundwater quality and saline intrusion assessment in an
irrigated environment: a case study of the aquifer under the LBDC irrigation system, J of Irrigation
and Drainage 62, 510-523 (2013)

Bangladesh
Groundwater monitoring data of the Bangladesh Water Development Board (BWDB) — 1985-2007.
Data have been published in:

Shamsudduha, M., Chandler, R. E., Taylor, R. G., & Ahmed, K. M. Recent trends in groundwater levels
in a highly seasonal hydrological system: the Ganges-Brahmaputra-Meghna Delta. Hydrological Earth
System Science 13, 2373—-2385, (2009) period covered 2003 - 2007

Shamsudduha, M., Taylor, R. G., Ahmed, K. M. & Zahid, A.. The impact of intensive groundwater
abstraction on recharge to a shallow regional aquifer system: evidence from Bangladesh,
Hydrogeology Journal 19, 901-916 (2011).

Nepal

Groundwater Resource Development Board (GWRDB) District Monthly groundwater-level
monitoring data 2000-2010.

GWRDB. Hydrogeological and groundwater potential maps for the Terai Pkains (1:125,000)
Groiundwater Resources development Board. Ministry of Irrigation, Government of Nepal
Kathmandu (1993)

Supplementary Table 3: Sources for spatial maps on depth to water-table

Pakistan

Igbal, R. M. & Hannan, A. 2012. Groundwater monitoring in Punjab: Analysis of trend in groundwater
level and an overview of groundwater quality status (2012) period covered 2001 — 2011

Basharat, M., Hassan, D., Bajkani, A. A. & Sultan, S.J. Surface water and groundwater Nexus:
groundwater management options for Indus Basin Irrigation System. International Waterlogging and
Salinity Research Institute (IWASRI), Lahore, Pakistan Water and Power Development Authority,
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Publication no. 299. (2014) period covered 2000 — 2011

India

CGWB. Groundwater Year Book — India 2011-12. Central Groundwater Board, Ministry of Water
resources, Government of India, Faridabad, (2012). Period covered 2000 - 2011

CGWB. Dynamic Groundwater Resources of India. Central Groundwater Board, Ministry of Water
resources, Government of India, Faridabad, (2011) Period covered 2000 — 2010

UNDP. Groundwater studies in the Ghaggar River Basin, in Punjab, Haryana and Rajastan, Ref
DP/UN/IND-74-009/2, UNDP (1973)

Bangladesh

Shamsudduha, M., Chandler, R. E., Taylor, R. G., & Ahmed, K. M. Recent trends in groundwater levels
in a highly seasonal hydrological system: the Ganges-Brahmaputra-Meghna Delta. Hydrological Earth
System Science 13, 2373-2385, (2009) period covered 2003 - 2007

Shamsudduha, M., Taylor, R. G., & Longuevergne, L., Monitoring groundwater storage changes in the
Bengal Basin: validation of GRACE measurements. Water Resources Research 48, W02508 (2012).
Period covered 2003 - 2007

Nepal

Geoconsult. 2012. Study of tube well inventory of 22 Terai and Inner Terai Districts, Nepal.
Groundwater Resources Development Board, Ministry of Irrigation, Government of Nepal,
Kathmandu (2012). Period covered 2011

Supplementary Table 4 Sources for water quality maps

Pakistan

IWASRI Drainage Atlas of Pakistan. (International Water Logging and Salinity Research Institute,
Lahore, 2005).

WAPDA. Hydrogeological map of Pakistan (scale 1:250,000). (Directorate of Hydrogeology, WAPDA,
Lahore, 2001).

India

CGWB. Groundwater quality in shallow aquifers of India. (Central Groundwater Board, Ministry of
Water Resources, New Delhi, 2010)

Central Groundwater Board District Groundwater Information 2013 (accessed online July 2014)

Bangladesh

Ravenscroft, P., Ahmed, K. M. & Samad, M. A., Groundwater: Quantity and Quality Issues Affecting
Water Supply. Sector Development Plan (FY 2011-25), Working document number 9, Water Supply
and Sanitation Sector in Bangladesh. Policy Support Unit, Local Government Division, Government of
Bangladesh. (2009)

DPHE/ BGS. Arsenic contamination of groundwater in Bangladesh. Kinniburgh DG & Smedley PL
(eds). British Geological Survey Technical Report WC-00-19 (British Geological Survey, Keyworth,
2001)
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Nepal
Geoconsult. 2012. Study of tube well inventory of 22 Terai and Inner Terai Districts, Nepal.

GWRDB. Hydrogeological and groundwater potential maps for the Terai Pkains (1:125,000)
Groiundwater Resources development Board. Ministry of Irrigation, Government of Nepal
Kathmandu (1993)

Arsenic

Amini, M. et al. Statistical Modelling of Global Geogenic Arsenic contamination in groundwater,
Environmental Science and Technology, 42; 3669-3675 (2008)

CGWB Groundwater quality in shallow aquifers of India. Central Groundwater Board, Ministry of
Water Resources, New Delhi (2010).

CGWB/NIH. Groundwater quality Ganga Basin dataset: Iron, Arsenic, Fluoride. Nitrate point
monitoring data — Internal report from National Institute of Hydrology, Roorkee

DPHE/ BGS. Arsenic contamination of groundwater in Bangladesh. Kinniburgh DG & Smedley PL
(eds). British Geological Survey Technical Report WC-00-19 (British Geological Survey, Keyworth,
2001)

Geoconsult. 2012. Study of tube well inventory of 22 Terai and Inner Terai Districts, Nepal.

GWRDB. Hydrogeological and groundwater potential maps for the Terai Pkains (1:125,000)
Groundwater Resources development Board. Ministry of Irrigation, Government of Nepal
Kathmandu (1993)

IWASRI Drainage Atlas of Pakistan. (International Water Logging and Salinity Research Institute,
Lahore, 2005).

Mahanta et al. Mineralogy, Grain size, and sediment composition as factors controlling release and
mobilisation of Arsenic in an aquifer regime of the Brahmaputra Floodplains, northeastern India,
Presented at JNU Indo-Australia workshop (2012)

Nigam, J. Uttar Pradesh: Arsenic in Ground Water: Affected Blocks. State Water Resources Agency,
Uttar Pradesh/UNICEF (2008)

Ravenscroft, P. Predicting the global extent of As pollution of groundwater and its potential impact
on human health, UNICEF Report, 71 pp, New York. (2007)

SOES. Groundwater arsenic contamination in West Bengal — India (20 year study). School of
Environment Studies, Jadavpur University, Kolkata (2006).

UNICEF. Report on Arsenic in groundwater in Uttar Pradesh: Sanitation ,Water Supply and Hygiene
Project 2004-2008. (UNICEF, New York, 2008)

WAPDA. Hydrogeological map of Pakistan (scale 1:250,000). (Directorate of Hydrogeology, WAPDA,
Lahore, 2001).
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Supplementary Figure 1 Distribution of the finalised water-table time series record dataset for the
IGB aquifer. There are 3652 individual time series, each with 7 years or more data and 2 or more
records per year.
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Supplementary Figure 2 Annual net recharge for the IGB aquifer over the period 2000 - 2012,
calculated by subtracting the annual change in groundwater storage from the annual abstraction.
The net recharge is therefore the volume of recharge required to balance the abstraction. This may
be met from a combination of reduced groundwater discharge and annual direct and indirect
recharge. In areas of high rainfall (>1000 mm) the recharge could be dominated by rainfall. In areas
of low rainfall, (<500 mm) the recharge will be dominated by irrigation returns and canal leakage. In
areas of moderate rainfall (500 — 1000mm) recharge is likely to be met by a combination of canal
leakage and rainfall recharge.
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