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Abstract:

Rajasthan, India's largest state, is characterized by its arid to semi-arid climate, scanty rainfall,
and frequent droughts. Despite these formidable hydrological challenges, the region sustained
flourishing civilizations for centuries through a sophisticated understanding of hydrology and
ecology, manifested in its traditional water management systems. This paper provides a
comprehensive analysis of these indigenous techniques, including johads (earthen check dams),
baolis (stepwells), khadins (run-off farming systems), talabs (ponds), and the extensive canal
system of Jaisalmer. It examines the technical design, socio-economic integration, and
community management principles that underpinned these systems. Furthermore, the paper
explores the decline of these practices in the colonial and post-independence eras and the
significant contemporary revival movements, led primarily by NGOs and community efforts. The
study concludes that these traditional systems offer not only historical insight but also crucial,
sustainable solutions for modern water scarcity issues, advocating for their integration into
contemporary water resource management policies.
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1. Introduction

Rajasthan, with over 60% of its land area classified as desert or semi-desert, faces extreme water
scarcity. The average annual rainfall exhibits a steep gradient, from less than 100 mm in Jaisalmer
(west) to over 650 mm in Jhalawar (east) (Government of Rajasthan, 2020). This precarious water
availability has been the central determinant of its culture, settlement patterns, and agricultural
practices. In response, the inhabitants of the region developed a diverse array of water harvesting
structures that were meticulously designed to capture, store, and manage every possible drop of
rainwater. As noted by Agarwal and Narain (1997, p. 42), "The people of Rajasthan did not see
rainwater as an enemy to be drained away but as a benefactor to be welcomed, harvested, and
revered." These systems were not merely technological innovations but were deeply embedded
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in the social, cultural, and religious fabric of communities, governed by strict ethical codes for
equitable distribution and maintenance.

This research aims to document, classify, and analyze the principal traditional irrigation and water
management techniques of Rajasthan, evaluating their engineering principles, sustainability, and
relevance in the 21st century.

2. Major Traditional Water Management Systems
2.1. Johads and Paar Systems

A Johad is a simple, low-cost, earthen check dam built across a gently sloping catchment area to
capture and retain rainwater runoft.

o Technical Design: They are constructed by excavating soil to create a depression
and using that soil to build a semicircular embankment on the downstream side. The paar
1s a natural catchment area where rainwater percolates and the water table is recharged.
Johads harvest water from this paar.

o Function & Efficacy: Their primary purpose is groundwater recharge. A study of the
revival work in Alwar district documented that between 1985 and 1995, the construction
0f 4,500 johads directly led to a rise in the water table by an average of 6 meters and a 33%
increase in forest cover in the region (Singh, 2002).

2.2. Baolis or Stepwells

Baolis are intricate multi-storied structures comprising a well and a descending staircase.

o Technical Design: They were engineered to access deep aquifers. The Chand Baori
in Abhaneri, for example, is 13 stories deep with 3,500 steps, demonstrating the scale of
this hydrological architecture (Livingston & Beach, 2002).

o Socio-Cultural Role: They served as social hubs and resting places. Their
construction was often patronized by royalty; for instance, the renowned Rani ki Vav in
Gujarat (a neighboring region with similar techniques) was built by Queen Udayamati in
the 11th century (UNESCO, 2014).

2.3. Khadin System
The khadin is an ingenious run-off farming system practiced primarily in the Jaisalmer district.

. Technical Design & Productivity: It consists of a catchment area and a flat cultivated
area bordered by an earthen embankment (bund). Research has shown that a well-designed
khadin with a catchment to cultivated area ratio of 15:1 to 20:1 can provide sufficient soil
moisture to grow a crop even in years of very low rainfall (<200 mm) (Pandey et al., 2003).
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This system allows for cultivation with a mere 150-300 mm of annual rainfall where
conventional farming would fail.

2.4. Talabs / Pokharans (Ponds)

Talabs are traditional reservoirs for storing surface water, ranging from small village ponds
(pokharans) to large lakes.

o Scale and Management: The Rajsamand Lake, built in the 17th century, is 6.4 km
long and 2.8 km wide, showcasing the capacity for large-scale public works (Shah & Raju,
2018). Their maintenance was a community responsibility, with specific castes often
assigned desilting duties.

2.5. The Canal System of Jaisalmer

Perhaps one of the most ambitious pre-modern hydraulic systems was the 16th-century canal
network in arid Jaisalmer.

o Design: Historical accounts note that Raja Mulraj II (1762-1820) commissioned a
~28 km long canal to bring water from the Kakney river, using a gradient of ~20 cm per
kilometer to ensure flow (Mishra, 2001). This gravity-fed system transported water
through a leak-proof baked-clay pipe system.

3. Socio-Economic and Community Management

The success of these systems was predicated on robust institutional frameworks. As articulated
by Shah and Raju (2018, p. 84), "Water management was not a technical subject but a social one,
governed by community norms and sanctions."

o Community Ownership: Water was a common resource. The Himmatagarh
inscription of 1489 A.D. details specific fines and rules for water theft and damage to water
structures, indicating a formalized legal framework (Agarwal & Narain, 1997).

o Role of Gram Panchayats: Village councils organized collective labor (shramdaan).
The revival movement led by Tarun Bharat Sangh successfully reinstated this practice,
mobilizing communities to rebuild thousands of structures.

4. Decline and Contemporary Revival

The decline began during the British colonial period with the introduction of the Centralized
Control Act, which dismantled local management. Post-independence, the focus on large-scale
dam projects and subsidized electricity for tube-wells led to severe groundwater over-
exploitation. The groundwater table in many blocks of Rajasthan has fallen below 40 meters
(Central Ground Water Board, 2021).
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However, a powerful revival movement has emerged. The work of Tarun Bharat Sangh (TBS) in
the Alwar district is a seminal case study. Their efforts led to the rejuvenation of five seasonal
rivers, including the Arvari, and the construction of over 11,000 water harvesting structures by
2015, transforming the ecological and economic landscape of the region (TBS, 2015). The Arvari
River Parliament, a body of elected representatives from 72 villages, is a modern incarnation of
traditional governance, managing the river's resources.

5. Conclusion and Recommendations

The traditional water systems of Rajasthan represent a profound synergy between human
ingenuity and ecological constraints. They are cost-effective, sustainable, and promote
decentralized management. The data from revival projects proves their efficacy in reversing
ecological degradation.

For a water-stressed future, these systems offer critical lessons:

o Policy Integration: Government policies like MGNREGA should be leveraged to
fund community-based water harvesting structures, moving beyond a purely extraction-
centric model.

o Community-Led Governance: Reviving local institutions, modeled on the Arvari
Parliament, is crucial for sustainable and equitable management.

o Modern Hybridization: Traditional knowledge must be combined with modern
technology (e.g., using GIS for locating johads) for greater efficacy at scale.

In essence, the past holds the key to a more water-secure future for Rajasthan and other arid
regions of the world.
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