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2. CASE STUDY INFO 

Multi-System Integration and Components 

As part of the project’s initial phase, the flood-control implementation included four 
main components: reconstruction of Ishim River embankments, river channel dredging, 
weir construction, and flood regulating reservoir construction (JICA, 2001b). What 
makes this system distinctive is how these engineering works have been coordinated 
with other urban infrastructure systems. 

Upstream Flow Regulation: The existing Vyacheslavsky (Astana) Reservoir, located 51 km 
upstream, serves dual functions for municipal water supply and flood-season flow 
management (JICA, 2004, ch. 12; JICA, 2001c, E-3). Plans for system enhancement 
include water augmentation from the Irtysh-Karaganda Canal (IKC) in two stages: 
approximately 63 MCM/year in the first stage and 126 MCM/year in the second stage 
(JICA, 2001c, E-23--E-24). On 31 March 2025, Kazakhstan signed an EPC contract with 
China Gezhouba Group to implement the IKC pipeline project (CEEC, 2025; EL.KZ, 
2025). 

Channel and Embankment Infrastructure: Astana is experiencing significant 
development along its river corridor. Current municipal program entries show active 
development on the left river bank with project documentation (проектно-сметной 
документации (ПСД)) for specific sections: "Construction of embankment along the Esil 
river from Baraeva to Amman Street," "from Amman to Syganak (under Arys bridge)," 
and "from Sary Bulak canal to Tulpar bridge" (Akimat of Astana, 2024).  

Blue-Green Public Infrastructure: The most visible component is the transformation of the 
embankment from purely protective infrastructure into civic amenity. A 15-kilometer 
linear park (300 meters wide) along the Yesil District riverfront combines recreational 
facilities with flood protection functions (Archnet, n.d.). This design addresses Astana's 
extreme temperature range (-40°C to +40°C) through water-air heat exchange and 
thermal mass effects. 
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Implementation Timeline, Actors, and Costs 

Phased Development Strategy: The Japan International Cooperation Agency (JICA) 
Master Plan established a three-phase implementation timeline: Phase I (2001-2010), 
Phase II (2011-2020), and Phase III (2021-2030) (JICA, 2001b). This phased approach 
allows the city to spread capital investments over time while coordinating with other 
infrastructure development. 

Economic Investment Framework: JICA's economic analysis allocated sector-specific 
budgets (US$ millions, economic basis) as follows (JICA, 2001a): 

Sector Phase I 
(2001-2010) 

Phase II 
(2011-2020) 

Phase III 
(2021-2030) 

Total 

Flood protection 16.9 27.3 26.6 70.8 

Storm-water 
drainage 

38.6 10.2 2.4 51.2 

Engineering 
protection 

55.5 37.5 29.0 122.0 

Current Yesil District Investment: Recent municipal budget allocations for design and 
documentation (ПСД) on the left-bank reaches include: Baraeva to Amman section 
(31.471 million KZT, with 31.000 utilized); Amman to Syganak under Arys Bridge (60.0 
million KZT, 60.0 utilized); Sary Bulak canal to Tulpar Bridge (60.0 million KZT, 60.0 utilized) 
(Akimat of Astana, 2024). 

Key Actors: Implementation involves coordination between multiple levels: JICA 
provided the initial technical planning and economic analysis (Master Plan schedules 
and integrated investment costs), the Akimat of Astana leads municipal execution of 
riverfront/embankment works, national agencies oversee basin-level coordination 
through basin administrations/RBOs, and international contractors deliver major 
infrastructure components (e.g., the Astana water-supply EPC signed with CEEC in 2025) 
(JICA, 2001a, 2001b, 2001c; Akimat of Astana, n.d., 2024a–c; World Bank, 2024; UNECE, 
2019, 2025). 
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Climate Context and Flood Risk 

The Ishim River basin experiences highly variable water flows, with peak discharges 
during spring snowmelt and low flows at other times. Kazakhstan's Climate Risk Country 
Profile indicates that future climate conditions will include temperatures rising above the 
global average and more intense, seasonal precipitation patterns (World Bank & ADB, 
2021). These changes could alter snowmelt timing and increase the likelihood of 
rain-on-snow events, which would compound flood risks. 

For example, the March-April 2024 floods across northern Kazakhstan demonstrate the 
scale of potential impacts. Reuters reported that over 98,000 people were evacuated 
by April 11, rising to approximately 117,000 by April 17, with significant impacts along the 
Ishim corridor including cities like Petropavl (Reuters, 2024a, 2024b). UNDP Kazakhstan 
characterized these as the worst floods in decades, with national damage estimates of 
300 billion tenge (UNDP Kazakhstan, 2024). These events validate the need for robust 
preventative infrastructure and integrated management approaches. 

Performance Outcomes and Benefits 

The integrated system of embankments, dredging, and upstream regulation increases 
the river's capacity to contain floodwater and reduces exposure in densely developed 
areas (JICA, 2001b). Two-dimensional Hydrologic Engineering Center River Analysis 
System (HEC-RAS) modeling provides high-resolution hazard mapping and scenario 
evaluation capabilities for the Yesil/Ishim system, showcasing the improved river 
capacity to contain floods (Ongdas et al., 2020). In the Yesil District specifically, channel 
normalization near major bridges such as the Amman-Syganak section under Arys 
Bridge reduces the risk of overbanking into high-value urban blocks and waterfront 
areas (Akimat of Astana, 2024).  

These flood protection improvements create the foundation for transforming the 
riverfront into a major urban amenity that serves the broader community. The linear 
park creates continuous riverfront access that connects the left-bank cultural and 
government districts with mixed-use areas, supporting daily mobility, urban cooling, and 
equitable public access (Archnet, n.d.; Tourism of Kazakhstan, n.d.). The design 
intentionally incorporates flood-compatible spaces, including terraces and lawns 
designed to accommodate periodic submersion. This approach ensures that flood 
events cause less damage to people and property by providing dedicated overflow 
areas away from critical infrastructure. 

The dual-function design of the flood management system extends beyond flood 
protection and recreation to generate significant environmental improvements. 
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Research on the Ishim River has identified seasonal variations in water quality, 
particularly in concentrations of ions, nutrients, and metals (Salikova et al., 2021). The 
terraced plantings and backwater shelves function as natural treatment systems for 
stormwater runoff while providing habitat diversity and reducing bank erosion. These 
features demonstrate how flood management infrastructure can deliver environmental 
co-benefits alongside primary flood protection functions. 

 

 

 

 

 

 

 

 
 

 

 
 

 

Basic Replicability Elements 

The Astana approach combines several elements that could be adapted to other 
contexts. The modular design allows different components - upstream regulation, 
channel management, storm-water integration, and public space development - to be 
implemented according to local priorities and financial capacity. The phased 
implementation methodology provides a framework for cities to stage investments over 
time rather than requiring large upfront capital commitments. The use of widely 
available planning tools like 2D flood modeling means that the technical approach 
does not depend on specialized technologies (Ongdas et al., 2020). Hence, 
open-sourced technologies and access to this modular design enable easy replicability 
in any municipality around the same climate zones.  
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3. DISCUSSION  

Critical Analysis of Innovation Beyond Business-as-Usual 

After examining the technical and implementation details of the Astana Ishim River 
Embankment, it becomes clear that this project represents a significant departure from 
conventional BAU flood management approaches. This analysis identifies three key 
innovations that distinguish this case study and support its characterization as a best 
practice for urban resilience. 

The first innovation is that the systems are integrated instead of acting as a single 
solution. Traditional flood management often rely on single-point defenses like levees or 
seawalls. The Astana approach integrates multiple protective systems - embankments, 
dredging, weirs, upstream regulation, and storm-water upgrades - into a coordinated 
portfolio (JICA, 2001b). This integration creates redundancy and allows the system to 
adapt as conditions change. From a risk management perspective, this approach 
reduces the vulnerability that comes from relying on any single protective measure. 

The second innovation involves integration of metropolitan-scale blue-green 
infrastructure. The transformation of flood infrastructure into public amenities represents 
a fundamental shift in how cities can approach water management. The 15-kilometer 
linear park in the Yesil District demonstrates that flood terraces can serve dual functions 
- providing overflow capacity during flood events while creating daily recreational and 
transportation benefits (Archnet, n.d.). This approach addresses a common challenge 
in urban flood management: building public support for infrastructure that may only be 
used occasionally. 

The final innovation incorporates basin-scale operational thinking. The integration of 
upstream regulation through the Vyacheslavsky Reservoir and planned augmentation 
via the Irtysh-Karaganda Canal extends the system's operational capacity beyond the 
immediate urban area (JICA, 2001c). This basin-scale approach allows operators to 
manage complex events like rain-on-snow scenarios and provides tools for addressing 
both flood and drought risks within the same infrastructure framework. 
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Resilience Framework Analysis 

The evaluation of this case study against established resilience frameworks reveals a 
strong alignment with current theoretical understanding of urban resilience principles. 
The project demonstrates robustness through its engineered components such as  
embankments, channel modifications, and structural flood controls designed to 
withstand high water levels and physical stresses (JICA, 2001b). However, the approach 
goes beyond simple structural robustness by incorporating multiple protective layers 
that maintain system function. 

This multi-layered robustness creates the foundation for broader adaptive capabilities 
within the system. The phased implementation approach and modular design 
demonstrate adaptive capacity by allowing incremental improvements and 
operational adjustments as conditions change (JICA, 2001b). This includes both 
incremental adaptations like crest height adjustments and more fundamental 
transformations like the conversion of defensive infrastructure into public space. 

These adaptive features enable what may be the most significant dimension of the 
project's resilience approach. The most significant aspect of this project may be its 
transformational quality. This fundamentally alters the relationship between the city and 
its river from defensive to integrative (Archnet, n.d.). This shift from "fail-safe" to 
"safe-to-fail" design philosophy allows certain areas to flood in controlled ways while 
protecting critical functions (Ahern, 2011). 

When viewed through established resilience assessment frameworks, these 
characteristics align remarkably well with contemporary resilience theory. When 
evaluated against the Arup/100RC City Resilience Framework, the project demonstrates 
multiple key qualities: robustness through engineered systems, redundancy through 
layered defenses, flexibility through phased implementation, and inclusivity through 
equitable park access. Similarly, the Stockholm Resilience Centre's principles are 
evident in the system's diversity of protective measures, connectivity between urban 
and basin scales, and learning-based operational approach. 
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Critical Evaluation of Trade-offs 

While this project demonstrates many positive attributes, this report also identifies 
several potential trade-offs that must be considered. First, channel modification and 
embankment construction can simplify river habitats and disrupt natural flow patterns. 
However, this project attempts to mitigate these impacts through vegetated terraces 
and graded bank designs. However,the long-term ecological effects of extensive 
channel modification still remain a concern. The effectiveness of these mitigation 
measures would benefit from ongoing monitoring and adaptive management. 

Beyond environmental considerations, the comprehensive nature of the approach 
brings significant financial implications. The integrated approach requires significant 
upfront investment and ongoing coordination between multiple systems and agencies. 
While the phased approach spreads costs over time, the total financial commitment is 
substantial (JICA, 2001a). Therefore, long-term sustainability of this approach depends 
on maintaining institutional capacity for coordinated management across multiple 
sectors. 

Moreover, these institutional coordination challenges extend to broader water resource 
management issues across the watershed. The use of upstream regulation through the 
Vyacheslavsky Reservoir provides operational control but also creates potential 
conflicts between flood management and water supply functions (JICA, 2001c). The 
planned augmentation through the IKC pipeline may help resolve some of these 
conflicts, but introduces additional complexity and dependencies. 

Finally, the success of creating attractive waterfront infrastructure generates its own 
management challenges. High-quality waterfront areas can attract intensive 
development that increases flood exposure. The project addresses this through setback 
requirements and floodplain zoning, but ongoing enforcement and political 
commitment will be necessary to maintain these protections over time (ADB, 2021). 

Scalability and Replicability Assessment 

This report potential suggests that several characteristics make this approach 
particularly suitable for replication, though with important contextual considerations. 
The project uses conventional engineering approaches and widely available planning 
tools, which reduces technical barriers to replication (Ongdas et al., 2020). The "systems 
recipe" approach which combines standard components in an integrated framework 
provides a template that other cities can adapt rather than requiring specialized 
technologies or unique local conditions. 
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This technical accessibility is complemented by financial flexibility that makes the 
approach viable for cities with varying resource constraints. For instance, the phased 
approach allows cities with different financial capacities to implement components 
according to their priorities and resources. The coordination with other infrastructure 
investments (storm-water, water supply) can improve cost-effectiveness by avoiding 
redundant construction activities (JICA, 2001b). 

However, the technical and financial accessibility of the approach must be balanced 
against significant institutional requirements for successful implementation. Successful 
replication would require institutional capacity for multi-sector coordination and 
long-term operational management. The involvement of international technical 
assistance in the Astana case suggests that external support may be valuable for initial 
implementation, but long-term success depends on building local institutional capacity. 

Moreover, while the core principles may be broadly applicable, specific design 
elements reflect Astana's particular conditions: snowmelt-dominated hydrology, 
extreme temperature variations, and rapid urban growth. Cities considering replication 
would need to adapt the approach to their specific climate, hydrology, and 
development contexts. 

Policy and Governance Implications 

The success of this integrated approach appears to depend significantly on policy 
alignment and governance capacity. The project's coordination with national water 
planning (UNECE Environmental Performance Review) and international development 
frameworks (ADB Integrated Water Master Plan) demonstrates the importance of 
multi-level policy support (ADB, 2021). The 2024 flood experiences have reinforced 
political support for preventative infrastructure investment, but maintaining this 
commitment over the long implementation timeline will require sustained institutional 
capacity and public support (UNDP Kazakhstan, 2024; Reuters, 2024a, 2024b). 
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4. CONCLUSION 
 

The Astana Ishim River Embankment, particularly its implementation in the Yesil District, 
represents a best practice approach that transforms traditional flood management into 
integrated urban resilience. The project's innovative elements demonstrate how cities 
can move beyond single-purpose infrastructure toward multi-use systems that address 
different challenges simultaneously. 

The three key innovations such as  integrated portfolio approach, metropolitan-scale 
blue-green infrastructure, and basin-aware operations, work together using resilience 
principles of robustness, adaptation, and transformation. The 15-kilometer linear park in 
the Yesil District exemplifies this transformation, converting defensive infrastructure into 
civic landscape that provides daily benefits while maintaining flood protection 
capacity (Archnet, n.d.). The system's robustness comes from engineered components 
and redundant protective layers, while adaptability is achieved through phased 
implementation allowing incremental upgrades as conditions change (JICA, 2001b). 

Critical lessons learned include the importance of integration over individual 
component sophistication, the value of phased delivery for managing uncertainty, and 
the necessity of co-benefits for building political sustainability. The project's coordination 
of flood management with water supply, storm-water systems, and public space 
development creates synergies that enhance overall performance while distributing 
costs across sectors. 

However, trade-offs exist around capital costs, ecological impacts, and institutional 
coordination requirements. The approach's replicability depends on governance 
capacity and local adaptation rather than direct technology transfer. While the 
technical components use standard engineering practices, successful implementation 
requires sustained multi-sector coordination and political commitment. 

The scalability framework demonstrates potential for broader application through 
modular design, conventional technologies, and phased implementation 
methodology. The 2024 floods, causing 300 billion tenge in national damages, validated 
the integrated approach while highlighting the ongoing need for adaptive 
management (UNDP Kazakhstan, 2024). This case study establishes a replicable model 
for climate-adaptive urban water management that transforms risk into opportunity 
while building resilient, liveable cities. 
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