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 Abstract: The Kingdom of Urartu (860–590 BCE), with its mountainous territory 
in eastern Anatolia, thrived in a dry and semi-arid environment with variable 
water resources during the Late Iron Age. This paper argues that the hydraulic 
engineering systems in the Urartian Kingdom serve as the strongest indirect 
evidence for the existence of climatic fluctuations and significant 
environmental pressures during the 9th to 7th centuries BCE. To ensure survival 
and consolidate the state, the Urartians developed complex hydraulic 
infrastructures, including long canals, dams, and water storage reservoirs, 
which represented technological adaptations to the mountainous environment. 
This study evaluates the scholarly debate between two models: the "hydraulic 
society" (state-driven central control) and "local initiative" (indigenous roots), 
based on the analysis of archaeological evidence and royal inscriptions. 
Additionally, the dual economic function of these systems is examined: not 
only for food production for humans but also as a sophisticated risk 
management strategy for the production of fodder to feed livestock in an agro-
pastoral economy. Ultimately, the paper concludes that the scale of these 
projects, which acted as multi-generational investments to create resilience 
against environmental uncertainties, reveals the intensity of the climate-
related risks perceived by the rulers and society of Urartu. 
 

https://doi.org/10.22034/hsaj.2025.562249.1030 

 
1. Introduction 
To understand the complex strategies that ancient civilizations employed to cope with 
environmental challenges, it is essential to analyze their historical and geographical context. The 
Kingdom of Urartu, as a prominent case study, illustrates how an Iron Age state overcame the 
constraints of a dry and semi-arid mountainous environment through advanced hydraulic 
engineering and became a regional power. The Urartian Kingdom, referred to as "Biyanili" in its 
inscriptions, was a significant mountainous empire in the ancient Near East, flourishing in the 
eastern Anatolian Highlands, adjacent to the Neo-Assyrian Empire, during the 9th and 8th 
centuries BCE, yet it began to decline in the 7th century BCE (Salvini, 2005). The central issue 
addressed by this research is how state-building and economic sustainability in this dry and semi-
arid mountainous region, where rain-fed agriculture was highly unreliable, depended on the 
management of scarce and variable water resources. The paper posits that the monumental 
hydraulic engineering projects of the Urartians were not merely technological achievements but 
critical social-political strategies to address the climatic crises of the 8th and 6th centuries BCE, 
serving as the foundation for the governance of limited environmental resources. Studying these 
systems not only reveals the technical capabilities of the Urartians but also enhances our 
understanding of the nature of the state, economy, and royal ideology within this kingdom. 
     This scholarly discussion oscillates primarily between two perspectives: on one hand, the 
"hydraulic society" model, inspired by Wittfogel's theories, emphasizes the role of the centralized 
state in constructing and managing these infrastructures as tools for economic and political 
control, supported by royal inscriptions. On the other hand, there is the view that stresses 
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indigenous roots and local initiatives, a theory bolstered by scholars such as Charles Burney (1972) 
and Paul Zimansky (1985), which draws on older traditions of water management in the region. In 
this context, Oktay Belli's comprehensive catalog of water structures (Belli, 1997a,b,c) provides 
the necessary archaeological evidence to assess these perspectives. This paper, through the 
analysis of textual and archaeological evidence, revisits these theoretical debates while also 
examining the technical and economic dimensions of these systems. The structure of the paper 
begins with a description of the interdisciplinary methodology, followed by a discussion of some of 
the key paleoclimatic studies from the region, including those from Lake Urmia (Sharifi et al., 2023), 
Lake Neor in Ardabil (Sharifi et al., 2015), Lake Van in Turkey (Wick et al, 2003), the Kuna Ba Cave in 
northeastern Iraq (Sinha et al, 2019), the Sofular Cave in northwestern Turkey (Göktürk et al., 2011), 
and the Katalekhor Cave in Zanjan (Andrews et al., 2020). Subsequently, evidence related to the 
environment, hydraulic technology, and the economic and socio-political functions of these 
systems will be presented, culminating in a comprehensive conclusion that offers a comparative 
analysis of the role of water management in the resilience and power of Urartu. This approach 
allows us to move beyond mere descriptions of structures and gain a deeper understanding of the 
dynamic interaction between environment, technology, and society in this ancient civilization. 
 
2. Methodology 
Reconstructing ancient water management systems and understanding their climatic context 
requires an interdisciplinary approach that combines evidence from various disciplines to achieve 
a comprehensive and accurate picture (cf. Jacobson et al., 2024; Ortloff, 2023; Erkan, 2022; 
Lichtenberger, A., & Raja, 2020). This research adopts such an approach to analyze the hydraulic 
strategies in the Urartian Kingdom. The approach of this study is based on a combination of 
descriptive and analytical methods from archaeology and paleoclimatology. This approach 
enables a multifaceted analysis of climate change, water resource management, and a deeper 
understanding of their technological, economic, and political dimensions. Evidence related to 
water management in the Urartian period is drawn from both epigraphic documents and 
archaeological remains. Moreover, the quantity and clarity of paleoclimatic research within the 
Urartian territory and its surrounding regions are sufficient to reconstruct the climatic conditions 
of this approximately 270-year period. These studies, conducted in caves and lakes, reveal some 
details, such as instances of dry climatic events, in clear terms. This study, rather than attempting 
to definitively prove a specific climatic crisis, focuses on analyzing the adaptation and resilience 
strategies based on indirect archaeological and textual evidence. Within this framework, the 
presence of large-scale water management infrastructure is interpreted as a response to climatic 
fluctuations and environmental pressures perceived by the people of that era; these conditions 
are, of course, also traceable in high-resolution paleoclimatic research. 
 
3. Reconstruction of the Urartian Climate 
One of the most significant challenges faced by human societies throughout history has been the 
occurrence of climatic events and prolonged, severe droughts, which, like a package filled with 
direct and indirect risks and the harmful domino effects, have often led to the decline and collapse 
of cultures and civilizations (Shaikh Baikloo Islam, 2023, 2024). Climate change, by altering rainfall 
patterns, including the quantity, intensity, timing, form, and variability, fundamentally impacts 
hydrological regimes, creating widespread consequences for the sustainability and accessibility of 
water resources (cf. Kumar et al., 2025; Mohammed & Scholz, 2019; Adams and Peck, 2008). These 
changes can either strengthen or weaken surface flows (peak flows and baseflows) and also alter 
the ratio and timing of groundwater recharge (from episodic recharge during heavy events to 
reduced recharge during prolonged drought periods) (Punia et al., 2022; Thomas et al., 2016). 
Climatic changes, by disrupting the water cycle and transforming rainfall, evaporation-
transpiration, and surface flow patterns, not only profoundly affect the quantity and quality of water 
resources but also influence the livelihoods, health, and quality of life of human societies and the 
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balance of ecosystems (Šulyová et al., 2021). Given that some past climatic events have been able 
to weaken or change the economic and institutional structures of ancient societies, studying the 
history of these events and reconstructing their consequences on cultures and ancient water 
management systems—through interdisciplinary approaches that combine paleoclimatic data, 
technical archaeology, and textual sources—is essential for a better understanding of resource 
management mechanisms, identifying adaptive capacities and limitations, and deriving lessons 
that can be applied to current and future climatic conditions (Caretta et al., 2022). 
     To reconstruct the climate during the Urartian Kingdom (approximately 860–590 BCE), six 
paleoclimatic studies from Lake Urmia (Sharifi et al., 2023), Lake Neor in Ardabil (Sharifi et al., 
2015), the Katalekhor Cave in Zanjan (Andrews et al., 2020), Lake Van in eastern Turkey (Wick et al., 
2003), the Sofular Cave in northwestern Turkey (Göktürk et al., 2011), and the Kuna Ba Cave in 
northeastern Iraq (Sinha et al., 2019) were utilized. These studies, due to their geographical 
location, can provide a sufficiently detailed chronological reconstruction of the climate in the 
Urartian territory during the targeted period. They were conducted on various proxies, and from the 
changes in the titanium content of sediments from the Neor and Urmia lakes, different inferences 
are drawn. Titanium levels in the sediments of Lake Neor, situated at higher altitudes, indicate 
increased dust activity due to wind during drought periods, while in Lake Urmia, it suggests a wetter 
period with increased rainfall and water flows. Paleoclimatic studies on oxygen isotope 18 in the 
Sofular Cave, Katalekhor Cave, Lake Van, and Kuna Ba Cave reveal fluctuations in rainfall and 
environmental humidity (Fig. 1 and Fig. 2).  

The results of these studies indicate: 

1. Based on research from Lake Urmia and Kuna Ba Cave, highly moist conditions prevailed 
during the first half of the Urartian Kingdom. In the second half of the kingdom's period, 
moisture gradually declined sharply, with severe drought dominating the late phase of the 
political period. If these two studies are taken as a basis, it can even be inferred that the 
collapse of Urartu was linked to the dry event of 600 BCE. 

2. Based on research from Lake Neor, Lake Van, and the Katalekhor Cave, a dry fluctuation 
around 800 BCE coincides with the cold event of 2800 years ago (Event 2 Bond et al., 1997, 
2001). Lake Urmia's study shows this fluctuation with less intensity. 

3. The Lake Urmia study shows a reduction in Ti levels around 750 BCE, indicating arid climatic 
conditions. Neor, Kuna Ba, and Sofular reflect this fluctuation with a slight time lag between 
720 and 700 BCE. This time frame coincides with the invasion of the Cimmerians into the 
southern regions and the Urartian territory. 

4. Except for the Kuna Ba Cave study, it seems that climatic conditions in the first half of the 
7th century BCE were relatively moist. 

5. Based on studies from Lake Van, Neor, Urmia, and Kunaba Cave, moisture significantly 
decreased in the second half of the 7th century BCE, with drought peaking around 600 BCE. 
The Katalekhor Cave study does not show this dry event, but it is observable with less 
intensity in the Sofular Cave study. 

     Some researchers believe that the dry event of 2600 years ago played a role in the collapse of 
Assyria (Sinha et al., 2019). It is likely that this severe climatic stress also contributed to the decline 
in the social-political flexibility of Urartu, leading to the disintegration and fall of the kingdom. Thus, 
the challenges faced by the Urartian Kingdom were not solely related to combating their fierce 
enemies, but they also had to adapt to the livelihood pressures caused by climatic fluctuations. 
Since the reign of King Argishti II (714–680 BCE), climate irregularities and the frequent occurrence 
of severe droughts intensified, and from this time onward, the decline of the kingdom accelerated. 
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Figure 1. Fluctuations in Humidity Levels Over the Past 4000 Years Based on Paleoclimatic Research in the Near 

East. The gray bar represents the temporal range of the Urartian Kingdom, approximately 860 to 590 BCE. The 
Lake Urmia study, based on the frequency of titanium in lake sediments, indicates that higher titanium levels 
correlate with increased rainfall and greater sediment transport by runoff to the lake (Sharifi et al., 2023). The 

Lake Neor study in Ardabil, based on the frequency of titanium in aeolian sediments, suggests that higher 
titanium levels reflect increased wind activity and dust storms (Sharifi et al., 2015). The Lake Van study in 

eastern Turkey, based on oxygen isotope 18 changes, indicates that higher values are associated with increased 
aridity (Wick et al., 2003). The Sofular Cave study in northwestern Turkey, based on oxygen isotope 18 variations 
(Göktürk et al., 2011); the Kuna Ba Cave study in northeastern Iraq, based on oxygen isotope 18 variations (Sinha 
et al., 2019); and the Kataleh Khor Cave study in Zanjan, based on oxygen isotope 18 variations (Andrews et al., 

2020), also provide evidence of climatic changes. 
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Figure 2. The Urartian Kingdom and Its Correlation with Climatic Fluctuations. 
The years between 715 and 700 BCE constituted a particularly difficult period for Urartu, marked by Sargon II’s 

Assyrian campaign against the kingdom as well as invasions by the Cimmerians into Anatolia. Between 700 and 
680 BCE, the Scythians crossed the Caucasus and advanced into the northern and northeastern territories of 
Urartu, initiating a series of incursions into the region. They remained active in these areas until approximately 

630/620 BCE, playing a significant role in the eventual collapse of the Urartian state (Author). 
 
3. Discussion 
This section provides an in-depth examination of key evidence related to water management in the 
Urartian Kingdom. By analyzing the environment, hydraulic technology, and the economic and 
socio-political dimensions, it offers a comprehensive picture of how this civilization confronted its 
environmental challenges and sets the stage for the final analysis. 
 
3.1. Environment and Climatic Context of Urartu 
The geography of the Urartian Kingdom was characterized by small, navigable plains surrounded 
by steep mountains such as Mount Erek (approximately 3,200 meters) and limited agricultural 
potential (Belli, 1999). This fragmented landscape posed significant challenges for political 
integration and centralized food production (Fig. 3). The regional climate was primarily arid to semi-
arid, with cold, snowy winters and hot, dry summers. These conditions made rain-fed (dryland) 
agriculture highly unreliable and placed crop yields at substantial risk. 
     To overcome these environmental constraints, the Urartians constructed an extensive network 
of dams, reservoirs, and irrigation channels, many of which have remained largely intact for nearly 
3,000 years (Çifci & Greaves, 2013; Orhan et al., 2006; Burney, 1972). The need for such expansive 
and sophisticated water management systems provides strong evidence for significant seasonal 
or annual variability in rainfall. In fact, the massive labor and resource investments required to build 
canals and reservoirs indicate that the Urartian society faced considerable climatic variability. In 
other words, the construction of hydraulic infrastructure, with its substantial costs, was not merely 
an effort to expand agricultural production; it represented vital strategies for mitigating climatic risk 
and ensuring food security in a challenging semi-arid environment (Kennett & Marwan, 2015). 
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Figure 3. Approximate Territory of the Urartian Kingdom (c. 860–590 BCE), Showing the Core Area (yellow circle 
surrounding Lake Van) and Maximum Extent (pale yellow). Red circles indicate the locations of the paleoclimatic 

sites referenced in this study. In this 2025 satellite image, Lake Urmia is unfortunately dried up (Author). 
 

3.2. Urartian Hydraulic Engineering: Archaeological and Textual Evidence 
Archaeological remains and royal inscriptions provide a clear picture of the diversity and 
complexity of water management structures in Urartu. The hydraulic constructions designed and 
executed by the Urartians demonstrate their advanced understanding of hydraulic engineering and 
their ability to implement solutions tailored to the geographic and social needs of the various 
regions under their control. This classification not only reveals the technical capabilities of the 
Urartians but also helps us better understand the multifaceted purposes of these monumental 
projects, ranging from irrigating agricultural fields to supplying water to fortresses during sieges. 
 
3.2.1. Canals 
Canals were among the most common and critical components of the Urartian water supply 
system (Belli, 1997a). These structures were constructed to convey water to cities, fortresses, 
agricultural lands, and orchards, playing a vital role in the kingdom’s economic prosperity (Çifçi & 
Greaves, 2013: 200). According to Grekyan, archaeological surveys have so far identified 
approximately 40 Urartian canals, reflecting the extensive scale of this network. Of these, 21 canals 
date to the 7th century BCE, 13 to the 9th and 8th centuries BCE, and 6 remain undated (Grekyan, 
2013–2014: 62). Numerous inscriptions also attest to canal construction during the reigns of 
different kings. 

a) Minua Canal (Semiramis/Shamiram Canal) 
The most famous Urartian canal, over 50 kilometers in length, 3–4 meters in width, and 1.5–2 
meters in depth, was constructed to irrigate orchards and fields in the southern Van Plain and 
remains operational to this day. Sourced from the Gurpinar Spring (Semiramis) in the southeastern 
part of Lake Van, it served as the region’s largest water supply (Belli, 2001: 360, 362), delivering 
water to the capital, the fortress of Tushpa (Van Fortress), and the surrounding plains. Sections of 
the canal were carved directly into rock, demonstrating high levels of technical skill and labor 
organization. Most inscriptions related to canal construction date to the reign of King Minua (c. 
810/780–785 BCE) (Salvini, 2008). This monumental project not only ensured water security for the 
capital but also functioned as a multi-generational investment, fostering socio-ecological 
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resilience against environmental uncertainty and strengthening the economic foundation of the 
state (Fig. 4 and Fig. 5). 

c) Canals of Argishti I 
At Sardarabad, an inscription from the reign of Argishti I (c. 785/780–756 BCE) mentions four canals 
in the western Aras region (Salvini, 2008: A 8–16). In his annals (Salvini, 2008: A 8–3 IV, §72–74), the 
king records the construction of a canal from the Manas (or Aras) River to irrigate the land of Aza. 

b) Canals of Rusa I 
Although no Urartian inscriptions from Rusa I have been preserved, Sargon II of Assyria refers in a 
letter to a canal constructed by Rusa I to supply water to the city of Ulhu (Luckenbill, 1927: 86–87, 
160–162). 

d) Canals of Rusa II 
An inscription from this king mentions the construction of a canal from the Hrazdan River to irrigate 
vineyards and agricultural lands (Salvini, 2008: A 12–14, §8, 17). In addition, other canals were 
identified for transferring water from artificial lakes to fortresses such as Ayaniś and for supplying 
the Tushpa citadel (Çifçi & Greaves, 2013: 194, 196). According to Belli (1994: 108–109), clay water 
pipes and stone channels were constructed to convey water from Lake Aygır, located northwest of 
Van. Similar clay pipes have been found at Anzavurtepe (Balkan, 1960: 137) and Ayaniś (Çifçi & 
Greaves, 2013: 194) for transporting water to fortresses. Another canal, originating from the Erek 
highlands, supplied water to Lake Rusa and Sīheke, extending all the way to Tushpa (Çifçi & 
Greaves, 2013: 196). Additionally, an underground canal was identified at Meryam Daği Kalasi 
(Sevin et al., 2013: Fig. 13). 

 
Figure 4. Location of the Minua Canal (Çifci & Greaves, 2013: 211, fig. 1) and Image of the Minua Canal (Kuşlu & 

Şahin, 2009: 2112, fig. 4). 
 

3.2.2. Water Reservoirs and Dams 
In addition to water conveyance, Urartian kings demonstrated expertise in water storage. One of 
their key strategies was the construction of elevated reservoirs (dams and artificial lakes) in the 
highlands to capture meltwater during spring and early summer. This seasonal storage allowed 
them to transfer water to downstream plains during the dry season for irrigation purposes (Çifçi, 
2014; Belli, 1999, 1997b,c). Such a strategy represents a prominent example of strategic 
adaptation to the hydrological cycles of a mountainous climate. 
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     The most notable example is the construction of the artificial Keşiş Gölü reservoir (Fig. 6), 
referred to in inscriptions as “Lake Rusa” (Salvini, 2008: A 14-1, §§34–55). This reservoir was 
commissioned by King Rusa III to supply water to Rusakhinili (Toprakkale), near Tushpa, and was 
likely critical for irrigating the surrounding area. An inscription discovered by the German scholar 
Waldemar Belck in the late 19th century clearly conveys the purpose of this project (Belck & 
Lehmann-Haupt, 1892). In the inscription, Rusa claims that the previously “uncultivated” land was 
transformed, through the construction of the lake and its associated canal, into “fields, orchards, 
and vineyards” (Grekyan, 2013–2014: 60–61; Belli, 2001: 359, 364). This assertion exemplifies a 
classic manifestation of royal ideology, in which the king is portrayed as the creator of abundance 
and order in the face of natural drought and disorder, demonstrating his capacity to establish a 
strategic buffer against climatic shocks. 

 
Figure 5. The Azhdahabolaghi Inscription (a) Next to the Minua Spring (b), Dated to c. 810–785/780 BCE 

(Photograph by Maryam Dara). 
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Figure 6. The Artificial Keşiş/Turna Gölü Lake (Google Earth, July 2013), located in the Erek Mountains at an 

Elevation of approximately 2,540 m. This reservoir not only supplied irrigation water to the Van Plain during the 
Urartian period but also provided drinking and domestic water for local inhabitants (Elmacı, 2010: 290, Resim 1). 
 
     Several other significant reservoirs from the early Urartian kings have been identified, including 
the Azab reservoir from the reign of Ishpuini and the Memedik reservoir from the period of Minua. 
In addition, large reservoirs have been documented at sites such as the Baghazi Plain, Subhan 
Dağı, Korubaş, and Ya‘qub (Grekyan, 2013–2014: 61; Belli, 2004: 360–361; Belli, 2001: 359–364). 
Grekyan (2013–2014: 69) also mentions major water reservoirs in the city of Argishtiḫinili. At the 
entrance to the city of Sarduriḫinili, a reservoir was constructed to collect rainwater. Springs were 
tapped in locations such as Toprakkale, Zivistan (Burney & Lawson, 1960: Fig. 177f), Bostankaya 
(Burney & Lawson, 1960: Fig. 196), Kalecik, and Pağin (Burney, 1957: 52, Fig. 15). 
     Dam construction represents another advanced aspect of Urartian hydraulic engineering, vital 
for controlling river flow and storing large volumes of water. The most notable example is the dam 
built by Rusa II in the Köşebaşı area, which fed the Siheke reservoir. This dam is recognized as the 
largest and widest in eastern Anatolia during antiquity and exemplifies the peak of Urartian 
technical prowess in hydraulic engineering (Belli, 2001: 359, 363–364). 
 
3.2.3. Groundwater-Fed Canals 
Unlike Assyrian water networks, which often relied on direct river diversions and surface water 
channels (Bonacossi & Qasim, 2022; Ur, 2005), archaeological evidence indicates that some 
Urartian irrigation systems were fed directly by springs, small reservoirs, and groundwater sources. 
Field surveys in Tushpa and the Van Plain show that Urartian canals often originated from 
“perennial springs and local reservoirs,” thereby providing a more stable and independent water 
source compared to seasonal river flows (Burney, 1972; Garbrecht, 1980; Çifçi & Greaves, 2013). 
This ingenious approach reduced the dependence of the Urartian water system on rivers and 
allowed for efficient water management throughout the year—even during drought periods. 
 
3.2.4. Spring Maintenance 
Urartian kings, especially during the reigns of Ishpuini and Minua, paid special attention to 
preparing springs for easy public access. The process of clearing and constructing related 
structures ensured access to clean and reliable water. The earliest inscription concerning spring 
construction dates to the joint reign of Ishpuini and Minua (c. 820–810 BCE) at Pirabat (Salvini, 
2008: A 3–6, §6). Minua’s reign marked the peak of these activities, with multiple inscriptions 
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identified at Van, Anzaf, Azhdahabolaghi (in present-day Iran), Kadambas, Edremit, and other 
locations. Later, during the reign of Rusa III, an inscription regarding the construction of a spring at 
Estel Gulik (Keşiş Gölü) was discovered (Salvini, 2008; Dara, 2017: 60). It should be noted that there 
is scholarly debate regarding the use and development of qanat systems during the Urartian period. 
Although archaeological evidence does not directly support this, some researchers suggest that 
the Urartians may have utilized qanats (Grekyan, 2013–2014: 58). However, it is proposed that they 
likely did not excavate these tunnels themselves, but rather made use of qanats constructed by 
local populations in newly conquered territories (Çifçi & Greaves, 2013: 205). In contrast, Salvini 
argues that the extensive surface water networks of the Urartians eliminated the need for long 
underground tunnels (qanats) (Salvini, 2001: 145–146). 
 

Table 1. Chronological Overview of Urartian Hydraulic Constructions 
Apart from the constructions listed in the “Archaeological Evidence” column, six additional sites have been 

reported without precise dating (cf. Grekyan, 2013–2014; Belli, 1994, 1997a,b,c, 1999, 2001, 2004, 2005, 2008; 
Ögün, 1970; Salvini, 1992; Kleiss, 1970, 1976, 1979). 

Urartian 
King 

Reign 
(Approx.) 

Hydraulic Constructions Based on Textual 
Evidence 

Hydraulic 
Constructions Based on 

Archaeological 
Evidence 

Climatic Conditions 

Ishpuini & 
Minua 

c. 820–810 
BCE 

Springs: Inscription recording spring 
construction at Pirabat 

 
 
 
 
 
 
 

9th–8th centuries BCE: 
Dams, reservoirs, 
artificial lakes: 31; 

Canals: 13  

 
 

Increasing cold and aridity 
associated with the 2800 BP 

event 
  

Minua c. 810–785 
BCE 

Canals: Peak of canal construction (e.g., 
Minua Canal) with multiple inscriptions. 

Springs: Numerous inscriptions 
documenting spring construction in various 

locations 
Reservoirs: Construction of Memedik 

Reservoir 
Argishti I c. 785–753 

BCE 
Canals: Four inscriptions related to canal 

construction in the Sardarabad region (west 
of the Aras River) 

 
 
 

Relatively wet with 
intermittent dry fluctuations 

 
 
 

Sarduri II c. 753–730 
BCE 

No direct inscriptions for hydraulic 
constructions; existing evidence indicates 

silos and vineyards 
Rusa I c. 730–714 

BCE 
Canals: No Urartian inscriptions; however, 

according to Assyrian King Sargon II, a canal 
was built for the city of Ulhu 

Argishti II c. 714–680 
BCE 

No direct inscriptions for hydraulic 
constructions; evidence suggests water 

management and vineyard irrigation 

 
 
 
 

7th century BCE: Dams, 
reservoirs, artificial 

lakes: 78; Canals: 21  

Increasing aridity (centered 
ca. 700 BCE) 

Rusa II c. 680–
645/639 

BCE 

Canals: Inscription of a canal constructed 
from the Hrazdan River 

Dams: Construction of the largest known 
Urartian dam (Köşebaşı Dam) 

 
 

Relatively wet with dry 
fluctuations; severe drought 

beginning in the late 7th 
century BCE, peaking around 

600 BCE 

Sarduri III c. 639–635 
BCE 

No inscriptions 

Rusa III Late 7th 
century 

BCE 

Artificial lake: Inscription at Stel Gulik 
regarding the construction of “Rusa Lake.” 

Springs: Inscription documenting spring 
construction at the same site 

 
3.3. Economic Functions of Irrigation Systems 
The primary role of irrigation systems in the Kingdom of Urartu was the intensification of agricultural 
production. Urartian inscriptions repeatedly refer to the establishment of “grain fields” and 
“vineyards” through these irrigation projects. These products were not only essential for feeding 
urban and military populations but also formed a significant part of the economic foundation of 
Urartian power. 
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     However, some scholars, notably Emily Hammer, have proposed that the function of Urartian 
irrigation extended beyond mere crop cultivation. She argues that a critical objective of these 
hydraulic constructions was the cultivation of fodder to support livestock, particularly horses for 
the army and flocks of sheep and cattle. In an agropastoral economy in mountainous regions, 
securing fodder during dry seasons was a vital challenge. By irrigating plains to grow alfalfa or other 
forage plants, the Urartian state enhanced the economic resilience of the kingdom against climatic 
variability and ensured year-round sustenance for its cavalry (Hammer, 2022). 
     This perspective is supported by archaeological and ethnographic studies indicating that many 
Urartian irrigation systems may have been designed not merely for arable crops but to boost 
livestock productivity (Çifçi & Greaves, 2013). Zooarchaeological evidence further underscores the 
centrality of pastoralism in the Urartian economy. Animal remains, particularly of sheep, cattle, 
and horses, reveal large herds and structured grazing patterns (Çifçi, 2015). These findings highlight 
that Urartian irrigation served not only agricultural production but also the livestock system, 
representing a sophisticated strategy for managing climatic risk. 
 
3.4. Social and Political Organization of Water Management in Urartu 
The construction and management of these extensive infrastructures have generated scholarly 
debates, highlighting two contrasting models: 
Hydraulic Society Model: Inspired by Karl Wittfogel’s classical theory, this model posits that large-
scale control over water resources (dams, canals) led to the emergence of centralized political 
systems with strong bureaucracies (Wittfogel, 1953, 1955; Bichsel, 2016). In Urartu, textual 
evidence, including royal inscriptions, demonstrates that kings implemented massive hydraulic 
projects. These works involved considerable labor (likely including conscripted or captive workers), 
centralized organization, and royal supervision (Çifçi & Greaves, 2013). The objective was to ensure 
food security for large populations, generate agricultural surpluses, and support the army and state 
projects. In this framework, irrigation technology enabled the central government not only to supply 
agricultural produce to cities and elites but also to use control over water as a primary instrument 
of political legitimacy and territorial integration (Hammer, 2022). 
Local Initiative Model: Conversely, some researchers argue that many Urartian water 
management technologies were not inventions of a centralized state but evolved from older local 
traditions present in Bronze and Early Iron Age communities. According to this view, numerous 
smaller canals and dams were likely constructed by local rulers or rural communities for their own 
needs, with the Urartian state later incorporating, expanding, or integrating these systems. This 
perspective emphasizes the role of local institutions in resource management. Some of these 
hydraulic facilities may have been primarily intended for livestock use (e.g., grazing in upland areas) 
rather than for arable farming (Çifçi & Greaves, 2013). 
     A key critique of the royal-centered model is that the inscriptions were often ideological rather 
than administrative records. In other words, these texts do not merely document technical projects 
but serve as symbolic assertions of power: the king is depicted as “bringing water to uncultivated 
lands,” demonstrating his ability to overcome destructive natural forces and provide abundance 
for his people, thereby legitimizing his rule (Hammer, 2022). 
     The reality likely reflects a combination of both models. The Urartian state directed major 
infrastructural projects with centralized oversight, while local communities participated in the 
construction and management of portions of the network, and some smaller-scale hydraulic 
facilities had roots in pre-state local traditions. For instance, Çifçi and Gökçe’s study of Urartian 
fortifications shows that water storage within citadels relied more on underground chambers and 
pithoi than on large aqueducts, suggesting local management and flexibility in meeting specific 
needs (Çifçi & Gökçe, 2023). Furthermore, recent analyses indicate that Urartian hydraulic 
infrastructures were not merely technical instruments but elements of socio-political interaction; 
their development reflected a combination of central authority and local participation in water 
resource management (Preiser-Kapeller, 2024). 
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4. Analysis 
Our comparative assessment of Urartian irrigation systems and those of their powerful southern 
neighbor, Neo-Assyria, reveals notable contrasts and challenges the long-held assumption that 
Urartu merely imitated Assyrian hydraulic practices. Although the Assyrians also constructed 
large-scale irrigation works—most prominently during the reign of Sennacherib in the late eighth 
and early seventh centuries BCE—evidence indicates that major Urartian projects predate them. 
The Minua Canal, built in the ninth century BCE, precedes Sennacherib’s engineering 
achievements by over a century. More importantly, Urartian hydraulic technology was uniquely 
adapted to the mountainous landscapes of the region. Whereas Assyrian canals primarily 
branched off major rivers, Urartian systems specialized in the capture of water derived mainly from 
snowmelt, stored in high-altitude reservoirs, and in the exploitation of groundwater resources. 
These sophisticated adaptations point to an indigenous and autonomous engineering tradition 
shaped by the environmental demands of the region, rather than the emulation of an external 
political model. This distinction underscores the argument that Urartian hydraulic strategies 
emerged as localized responses to specific ecological pressures. 
     The relationship between water management, state formation, and social complexity in Urartu 
is multifaceted. Although the Urartian polity does not fully conform to Wittfogel’s classical 
“hydraulic society” model, in which bureaucratic control over water inevitably produces state 
despotism, there is no doubt that royal sponsorship of hydraulic resources formed a cornerstone 
of political authority and state ideology. The ability to “turn wilderness into arable land,” as 
proclaimed in the inscriptions of Rusa, constituted a potent political claim to legitimacy. By 
providing water and ensuring food security, the king portrayed himself as a just and capable ruler 
favored by the gods, particularly the national deity Haldi. These projects also enabled state 
expansion by facilitating the settlement of populations in newly irrigated territories and generating 
the agricultural surplus necessary to sustain the military and administrative apparatus. 
     Ultimately, the most critical conclusion drawn from the analysis of these complex systems is 
their value as environmental indicators. These monumental and resource-intensive constructions 
stand as the strongest indirect evidence for significant climatic pressures and environmental 
fluctuations during the Iron Age (Dara & Shaikh Baikloo, 2022). The scale of labor and material 
investment clearly reflects the degree of risk perceived by Urartian rulers and communities. Faced 
with the uncertainties of periodic droughts and irregular precipitation, they developed long-term, 
sustainable engineering solutions that became defining features of their civilization. The study of 
Urartian hydraulics thus reveals not only a history of technological innovation but also a narrative 
of human resilience in the face of challenging environmental conditions. 
 
5. Conclusion 
This article examined water-management strategies in the Kingdom of Urartu as a prominent case 
study of human–environment adaptation within arid mountain landscapes of the ancient world. 
The findings demonstrate that Urartu developed a unique and highly sophisticated hydraulic 
system—including long-distance canals, dams, and innovative techniques for water storage and 
groundwater exploitation—in response to the challenges posed by a variable environment. The 
major hydraulic works were undertaken during climatically favorable periods that coincided with 
economic prosperity. These investments reflected both foresight and risk anticipation, as the 
considerable costs could only be sustained during prosperous times, while the absence of such 
infrastructure would have threatened royal legitimacy during episodes of drought. 
     The results further suggest a dual economic function for these systems: beyond enhancing 
agricultural production, they played a vital role in securing fodder for livestock, thereby reducing 
risk in a mixed agro-pastoral economy. The socio-political dimension of water management was 
equally complex. Royal inscriptions served less as administrative records and more as powerful 
instruments of political discourse and legitimization. Most importantly, this study argues that the 
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immense scale of these infrastructures constitutes the strongest indirect evidence for significant 
climatic fluctuations and environmental pressures during the period. 
 
Acknowledgments 
I would like to express my sincere gratitude to Dr. Maryam Dara, faculty member of the Research 
Institute of Cultural Heritage and Tourism and a specialist in the Urartian period, whose guidance, 
careful review, and helpful suggestions greatly enriched this work. Without her assistance, the 
publication of this article would not have been possible. I also extend my heartfelt thanks to Dr. 
Reza Safaierad, paleoclimate specialist, whose consistently insightful comments have always 
guided me in the right direction. 
 
Conflict of Interest 
This article was authored by a single researcher and involves no conflict of interest. 
 
Availability of Supplementary Data 
All paleoclimate datasets referenced in this study have been publicly shared online by their original 
researchers. The author can provide access to these datasets upon request. 
 
References 
Adams, R. M., & Peck, D. E. (2008). Effects of climate change on water resources. Choices, 23(1), 12-14. 

https://www.jstor.org/stable/choices.23.1.0012  

Andrews, J. E., Carolin, S. A., Peckover, E. N., Marca, A., Al-Omari, S., & Rowe, P. J. (2020). Holocene stable isotope 
record of insolation and rapid climate change in a stalagmite from the Zagros of Iran. Quaternary Science 
Reviews, 241, 106433. https://doi.org/10.1016/j.quascirev.2020.106433  

Balkan, K. (1960). Patnos Yakininda Anzavurtepe'de Bulunan Urartu Tapinağl ve Kitabeleri. Anadolu, (05), 133-158. 
https://doi.org/10.1501/andl_0000000064  

Belck, W., & Lehmann-Haupt, C. F. (1892). Über neuerlich aufgefundene Keilinschriften in russisch und türkisch 
Armenien. Zeitschrift für Ethnologie, 24, 122-152. https://www.jstor.org/stable/23029390  

Belli, O. (2008). Yılında Doğu Anadolu Bölgesi’nde Urartu Baraj. Gölet ve Sulama Kanallarının Araştırılması, 
Araştırma Sonuçları Toplantısı, 27, 1. 

Belli, O. (2005). Research on Early Iron Age fortresses and necropoleis. In Anatolian Iron Ages 5: Proceedings of 
the Fifth Anatolian Iron Ages Colloquium held at Van, 6‐10 August 2001 (p. 1). British Institute at Ankara. 

Belli, O. (2004). Bronze quivers with cuneiform inscriptions from Van-Upper Anzaf fortress. A view from the 
highlands, 277-298. https://ixtheo.de/Record/1589489470  

Belli, O. (2001). The World Greatest Hydraulics Engineers: The Urartians. Istanbul University’s Contributions to 
Archaeology in Turkey (1932-2000), İstanbul, 358-364. 

Belli, O. (1999). Dams, reservoirs and irrigation channels of the Van plain in the period of the Urartian 
kingdom. Anatolian studies, 49, 11-26. https://doi.org/10.2307/3643059  

Belli, O. (1997a). Doğu Anadolu'da Urartu sulama kanalları: Urartian irrigation canals in Eastern Anatolia. İstanbul: 
Arkeoloji ve Sanat Yayınlar. 

Belli, O. (1997b). Urartian dams and artificial lakes in Eastern Anatolia. In D. French (Ed.), Anatolian Iron Ages 4: 
Proceedings of the Fourth Anatolian Iron Ages Colloquium Held at Mersin, 19–23 May 1997 (pp. 9–36). London: 
British Institute of Archaeology at Ankara. 

Belli, O. (1997c). Dams, Reservoirs and Irrigation Channels of the Van Plain in the Period of the Urartian Kingdom, 
Anatolian Iron Ages 4. In Proceedings of the Fourth Anatolian Iron Ages Colloquium held at Mersin (pp. 19-23). 
https://doi.org/10.2307/3643059  

Belli, O. (1994). Urartian dams and artificial lakes recently discovered in Eastern Anatolia. Tel Aviv, 21(1), 77-116. 
https://doi.org/10.1179/tav.1994.1994.1.77  

Bichsel, C. (2016). Water and the (Infra-) Structure of Political Rule: A Synthesis. Water Alternatives, 9(2), 356-372. 
http://www.water-alternatives.org/index.php/alldoc/articles/vol9/v9issue2/320-a9-2-10/file  

https://www.jstor.org/stable/choices.23.1.0012
https://doi.org/10.1016/j.quascirev.2020.106433
https://doi.org/10.1501/andl_0000000064
https://www.jstor.org/stable/23029390
https://ixtheo.de/Record/1589489470
https://doi.org/10.2307/3643059
https://doi.org/10.2307/3643059
https://doi.org/10.1179/tav.1994.1994.1.77
http://www.water-alternatives.org/index.php/alldoc/articles/vol9/v9issue2/320-a9-2-10/file


B. Shaikh Baikloo Islam                                                                                                                                                             Heritage of Southwest Asia 

Vol. 2, Issue 2, ID3 

Bonacossi, D. M., & Qasim, H. A. (2022). Irrigation and Landscape Commemoration in Northern Assyria, the 
Assyrian Canal and Rock Reliefs in Faida (Kurdistan Region of Iraq): Preliminary Report on the 2019 Field 
Season. Iraq, 84, 43-81. https://doi.org/10.1017/irq.2022.10  

Bond, G., Kromer, B., Beer, J., Muscheler, R., Evans, M. N., Showers, W., Hoffmann, S., Lotti-Bond, R., Hajdas, I., 
& Bonani, G. (2001). Persistent solar influence on North Atlantic climate during the 
Holocene. Science, 294(5549), 2130-2136. https://doi.org/10.1126/science.1065680  

Bond, G., Showers, W., Cheseby, M., Lotti, R., Almasi, P., DeMenocal, P., Priore, P., Cullen, H., Hajdas, I., & 
Bonani, G. (1997). A pervasive millennial-scale cycle in North Atlantic Holocene and glacial 
climates. science, 278(5341), 1257-1266. https://doi.org/10.1126/science.278.5341.1257  

Burney, C. (1972). Urartian Irrigation Works. Anatolian Studies, 22, 179–186. https://doi.org/10.2307/3642562  

Burney, C. A., & Lawson, G. R. J. (1960). Measured plans of Urartian fortresses. Anatolian studies, 10, 177-196. 
https://doi.org/10.2307/3642434  

Burney, C. A. (1957). Urartian fortresses and towns in the Van region. Anatolian Studies, 7, 37-53. 
https://doi.org/10.2307/3642346     

Caretta, M.A., Mukherji, A., Arfanuzzaman, M., Betts, R.A., Gelfan, A., Hirabayashi, Y., Lissner, T.K., Liu, J., Lopez 
Gunn, E., Morgan, R., Mwanga, S., & Supratid, S. (2022). Water. In: Climate Change 2022: Impacts, Adaptation 
and Vulnerability. Contribution of Working Group II to the Sixth Assessment Report of the Intergovernmental 
Panel on Climate Change [H.-O. Pörtner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K. Mintenbeck, A. Alegría, 
M. Craig, S. Langsdorf, S. Löschke, V. Möller, A. Okem, B. Rama (eds.)], (pp. 551–712), Cambridge University 
Press, Cambridge, UK and New York, NY, USA. https://doi.org/10.1017/9781009325844.006  

Çifçi, A., & Gökçe, B. (2023). Water supply and water storage systems at Urartian fortresses. Ancient Near Eastern 
Studies, 60, 149-165. http://doi.org/10.2143/anes.60.0.3292569  

Çifçi, A. (2015). Animal Husbandry in the Urartian Kingdom. In International Symposium on East Anatolia—South 
Caucasus Cultures Proceedings I (Vol. 2, pp. 10-13). Atatürk Universitesi & ESRUC Konsorsiyumu, Erzurum 10-
13 Ekim 2012 (Eds.) Mehmet Işıklı, Birol Can. Cambridge. 
 https://www.researchgate.net/publication/282778300_Animal_Husbandry_in_Urartian_Kingdom  

Çifçi, A. (2014). Interpretations of the socio-economic structure of the Urartian kingdom. Doctoral dissertation, 
University of Liverpool. 

Çifçi, A., & Greaves, A. M. (2013). Urartian irrigation systems: a critical review. Ancient Near Eastern Studies, 50, 
191-214. https://doi.org/10.2143/ANES.50.0.2975512  

Dara, M., & Shaikh Baikloo Islam, B. (2022). Climatic conditions in the Kingdom of Urartu and strategies for coping 
with droughts. Journal of Iranian Pre-Islamic Archaeological Studies, 7(2), 59–72 (in Persian). 
https://iaej.sku.ac.ir/article_11390.html  

Dara, M. (2017). Urartian cuneiform inscriptions from Iran. Tehran: Research Institute of Cultural Heritage and 
Tourism (in Persian). 

Elmacı, S. (2010). Çevreci barajlara geçmişten bir örnek: Turna (Keşiş) Gölü. Doğu Coğrafya Dergisi, 15(24), 289-
299. https://dergipark.org.tr/en/download/article-file/26952  

Erkan, Y. (2022, October). Change in Water Technology in Anatolia: From Use to Energy, Conflicts to Climate 
Action. In 50 Years World Heritage Convention: Shared Responsibility–Conflict & Reconciliation (pp. 309-320). 
Cham: Springer International Publishing. https://doi.org/10.1007/978-3-031-05660-4_24  

Garbrecht, G. (1980). The water supply system at Tuşpa (Urartu). World Archaeology, 11(3), 306-312. 
https://doi.org/10.1080/00438243.1980.9979769  

Google Earth (2025). Satellite Image of Keşiş/Turna Gölü Lake. July 2013. 
 https://earth.google.com/web/@38.47134248,43.60550947,2544.56535103a,8277.51878247d,35y,-
5.00557941h,11.79319077t,0.00019953r  

Göktürk, O. M., Fleitmann, D., Badertscher, S., Cheng, H., Edwards, R. L., Leuenberger, M., Fankhauser, A., 
Tüysüz, O., & Kramers, J. (2011). Climate on the southern Black Sea coast during the Holocene: implications 
from the Sofular Cave record. Quaternary Science Reviews, 30(19-20), 2433-2445. 
https://doi.org/10.1016/j.quascirev.2011.05.007  

Grekyan, Y. (2013–2014). When the Gods Leave People (The Climatological Hypothesis of the Collapse of the 
Urartian State). Aramazd: Armenian Journal of Near Eastern Studies, 8, 57-94. 

https://doi.org/10.1017/irq.2022.10
https://doi.org/10.1126/science.1065680
https://doi.org/10.1126/science.278.5341.1257
https://doi.org/10.2307/3642562
https://doi.org/10.2307/3642434
https://doi.org/10.2307/3642346
https://doi.org/10.1017/9781009325844.006
http://doi.org/10.2143/anes.60.0.3292569
https://www.researchgate.net/publication/282778300_Animal_Husbandry_in_Urartian_Kingdom
https://doi.org/10.2143/ANES.50.0.2975512
https://iaej.sku.ac.ir/article_11390.html
https://dergipark.org.tr/en/download/article-file/26952
https://doi.org/10.1007/978-3-031-05660-4_24
https://doi.org/10.1080/00438243.1980.9979769
https://earth.google.com/web/@38.47134248,43.60550947,2544.56535103a,8277.51878247d,35y,-5.00557941h,11.79319077t,0.00019953r/data=CgRCAggBOgMKATBCAggASg0I____________ARAA?utm_source=earth7&utm_campaign=vine&hl=fa
https://earth.google.com/web/@38.47134248,43.60550947,2544.56535103a,8277.51878247d,35y,-5.00557941h,11.79319077t,0.00019953r/data=CgRCAggBOgMKATBCAggASg0I____________ARAA?utm_source=earth7&utm_campaign=vine&hl=fa
https://doi.org/10.1016/j.quascirev.2011.05.007


Heritage of Southwest Asia                                                                                                                                                                           Research Article 

Vol. 2, Issue 2, ID3 

Hammer, E. (2022). Role and Characteristics of Irrigation in the Kingdom of Urartu. In S. Rost (ed.), Irrigation in 
Early States: New Directions (pp. 267-303), Chicago: Oriental Institute Publications. 
https://digital.casalini.it/9781614910725  

Jacobson, M. J., Gascoigne, A. L., & Fleitmann, D. (2024). The Climatic Resilience of the Sasanian Empire. Human 
Ecology, 52(6), 1127-1143. https://doi.org/10.1007/s10745-024-00554-w  

Kennett, D. J., & Marwan, N. (2015). Climatic volatility, agricultural uncertainty, and the formation, consolidation 
and breakdown of preindustrial agrarian states. Philosophical Transactions of the Royal Society A: 
Mathematical, Physical and Engineering Sciences, 373(2055), 20140458. https://doi.org/10.1098/rsta.2014.0458  

Kleiss W. (1979). Bastam I. Ausgrabungen in den urartäischen Anlagen 1972-1975. Teheraner Forschungen IV. 
Berlin. 

Kleiss, W. (1976). Urartäische architektur. In H.J. Kellner, Urartu: ein Wiederentdeckter Rivale Assyriens, 2, 28-44.  

Kleiss, W. (1970). Bericht über Erkundungsfahrten in Nordwest-Iran Im Jahre 1969. Archaol. Mitteil. Iran, 3. 
http://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=13309228  

Kumar, S., Kumar, A., Rana, R. S., Shilpa, M., Kumar, B., Salem, A., Zerouali, B., & Elbeltagi, A. (2025). Rainfall 
variability for crop water management under changing climate in Himachal Pradesh. Applied Water 
Science, 15(12), 297. https://doi.org/10.1007/s13201-025-02653-5  

Kuşlu, Y., & Şahin, Ü. (2009). Water Structures in Anatolia from Past to Present. Journal of Applied Sciences 
Research, 5(12), 2109-2116. 
https://www.researchgate.net/profile/U-
Sahin/publication/271201734_Water_Structures_in_Anatolia_from_Past_to_Present/links/54c0ee090cf28a6
324a44882/Water-Structures-in-Anatolia-from-Past-to-Present.pdf  

Lichtenberger, A., & Raja, R. (2020). Management of water resources over time in semiarid regions: The case of 
Gerasa/Jerash in Jordan. Wiley Interdisciplinary Reviews: Water, 7(1), e1403. 
https://doi.org/10.1002/wat2.1403  

Luckenbill, D. D. (1927). Ancient Records of Assyria and Babylonia (Vol. 2). Greenwood Press. 

Mohammed, R., & Scholz, M. (2019). Climate variability impact on the spatiotemporal characteristics of drought 
and aridity in arid and semi-arid regions. Water Resources Management, 33(15), 5015-5033. 
https://doi.org/10.1007/s11269-019-02397-3  

Öğün, B. (1970). Van'da Urartu sulama tesisleri ve Şamram (Semiramis) kanalı. Anadolu Matbaası. 

Orhan, A. H., Ozdemir, T., & Eyduran, E. (2006). Urartian Water Constructions and Hydraulics. Journal of Applied 
Science Research 2(6), 346-354. https://www.aensiweb.com/old/jasr/jasr/2006/346-354.pdf  

Ortloff, C. R. (2023). Paleohydraulics and Complexity Theory: Perspectives on Self Organization of Ancient 
Societies. Water, 15(11), 2071. https://doi.org/10.3390/w15112071  

Preiser-Kapeller, J. (2024). Ecology, Irrigation and Lordship in the Lake Van Region: A Long-Term View from Urartu 
to Vaspurakan. A Companion to the Environmental History of Byzantium, 13, 308. 
https://doi.org/10.1163/9789004689350_014  

Punia, A., Singh, S. K., & Bharti, R. (2022). Effect of climate change on urban water availability and its remediation 
in different continents. In Current directions in water scarcity research (Vol. 6, pp. 45-63). Elsevier. 
https://10.1016/B978-0-323-91838-1.00002-6  

Salvini, M. (2008). Corpus dei testi urartei: Le iscrizioni su pietra e roccia. Roma: CNR-Istituto di studi sulle civiltà 
dell’Egeo e del Vicino Oriente. 

Salvini, M. (2005). Studi preparatori per il ‘Corpus dei Testi Urartei’(CTU). Ricerche del 2004 e 2005 in Turchia 
Orientale. Studi Micenei ed Egeo-Anatolici, 47, 257-272. http://smea.isma.cnr.it/wp-
content/uploads/2016/02/Salvini_Studi-preparatori-per-il-CTU-e-ricerche-del-2004-e-2005-in-Turchia-orientale.pdf  

Salvini, M. (2001). Pas de qanats en Urartu. Irrigation et Drainage dans L’antiquité, Qanats et Canalisations 
Souterraines en Iran, Egypte et en Grèce, 190-210. 

Salvini, M. (1992). Il canale di Semiramide. Geographia Antiqua, 1, 67-80. 
https://www.academia.edu/9730954/1992_M_Salvini_Il_canale_di_Semiramide_Geographia_Antiqua_1_1992_67_80  

Sevin, V., Şedele, F., & Demir, B. (2013). Urartu Krallığı’nın Batı Sınırında Yeni Bir Keşif: Meryem Dağı 
Kalesi. Arkeoloji ve Sanat, 143, 77-86. 

https://digital.casalini.it/9781614910725
https://doi.org/10.1007/s10745-024-00554-w
https://doi.org/10.1098/rsta.2014.0458
http://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=13309228
https://doi.org/10.1007/s13201-025-02653-5
https://www.researchgate.net/profile/U-Sahin/publication/271201734_Water_Structures_in_Anatolia_from_Past_to_Present/links/54c0ee090cf28a6324a44882/Water-Structures-in-Anatolia-from-Past-to-Present.pdf
https://www.researchgate.net/profile/U-Sahin/publication/271201734_Water_Structures_in_Anatolia_from_Past_to_Present/links/54c0ee090cf28a6324a44882/Water-Structures-in-Anatolia-from-Past-to-Present.pdf
https://www.researchgate.net/profile/U-Sahin/publication/271201734_Water_Structures_in_Anatolia_from_Past_to_Present/links/54c0ee090cf28a6324a44882/Water-Structures-in-Anatolia-from-Past-to-Present.pdf
https://doi.org/10.1002/wat2.1403
https://doi.org/10.1007/s11269-019-02397-3
https://www.aensiweb.com/old/jasr/jasr/2006/346-354.pdf
https://doi.org/10.3390/w15112071
https://doi.org/10.1163/9789004689350_014
https://10.0.3.248/B978-0-323-91838-1.00002-6
http://smea.isma.cnr.it/wp-content/uploads/2016/02/Salvini_Studi-preparatori-per-il-CTU-e-ricerche-del-2004-e-2005-in-Turchia-orientale.pdf
http://smea.isma.cnr.it/wp-content/uploads/2016/02/Salvini_Studi-preparatori-per-il-CTU-e-ricerche-del-2004-e-2005-in-Turchia-orientale.pdf
https://www.academia.edu/9730954/1992_M_Salvini_Il_canale_di_Semiramide_Geographia_Antiqua_1_1992_67_80


B. Shaikh Baikloo Islam                                                                                                                                                             Heritage of Southwest Asia 

Vol. 2, Issue 2, ID3 

Shaikh Baikloo Islam, B. (2024). Consequences of Climate Change from the Past to the Present: Implications of 
Paleoclimate Research in Archaeological Studies. Heritage of Southwest Asia, 1(2), e5. 
https://doi.org/10.22034/hsaj.2025.558717.1024  

Shaikh Baikloo Islam, B. (2023). How the Climate Change Package Affects Human Societies: The Archaeological-
Historical Approach into Palaeoclimatology. Journal of Research on Archaeometry, 9(2), 165-172. 
http://dx.doi.org/10.52547/jra.9.2.396  

Sharifi, A., Djamali, M., Peterson, L. C., Swart, P. K., Ávila, M. G. P., Esfahaninejad, M., de Beaulieu, J.L., Lahijani, 
H.A., & Pourmand, A. (2023). The rise and demise of Iran’s Urmia Lake during the Holocene and the 
Anthropocene:“what’s past is prologue”. Regional environmental change, 23(4), 121. 
https://doi.org/10.1007/s10113-023-02119-x  

Sharifi, A., Pourmand, A., Canuel, E. A., Ferer-Tyler, E., Peterson, L. C., Aichner, B., Feakins, S.J., Daryaee, T., 
Djamali, M., Beni, A.N., & Swart, P. K. (2015). Abrupt climate variability since the last deglaciation based on a 
high-resolution, multi-proxy peat record from NW Iran: The hand that rocked the Cradle of 
Civilization?. Quaternary Science Reviews, 123, 215-230. https://doi.org/10.1016/j.quascirev.2015.07.006  

Sinha, A., Kathayat, G., Weiss, H., Li, H., Cheng, H., Reuter, J., Schneider, A.W., Berkelhammer, M., Adalı, S.F., 
Stott, L.D., & Edwards, R. L. (2019). Role of climate in the rise and fall of the Neo-Assyrian Empire. Science 
advances, 5(11), eaax6656. https://doi.org/10.1126/sciadv.aax6656  

Šulyová, D., Vodák, J., & Kubina, M. (2021). Effective management of scarce water resources: From antiquity to 
today and into the future. Water, 13(19), 2734. https://doi.org/10.3390/w13192734  

Thomas, B. F., Behrangi, A., & Famiglietti, J. S. (2016). Precipitation intensity effects on groundwater recharge in 
the southwestern United States. Water, 8(3), 90. https://doi.org/10.3390/w8030090  

Ur, J. (2005). Sennacherib's northern Assyrian canals: new insights from satellite imagery and aerial 
photography. Iraq, 67(1), 317-345. https://www.jstor.org/stable/4200585  

Wick, L., Lemcke, G., & Sturm, M. (2003). Evidence of Lateglacial and Holocene climatic change and human 
impact in eastern Anatolia: high-resolution pollen, charcoal, isotopic and geochemical records from the 
laminated sediments of Lake Van, Turkey. The Holocene, 13(5), 665-675. 
https://doi.org/10.1191/0959683603hl653rp  

Wittfogel, K. A. (1955). Oriental Society in Transition with Special Reference to Pre-Communist and Communist 
China. The Journal of Asian Studies, 14(4), 469-478. https://doi.org/10.2307/2941830  

Wittfogel, K. A. (1953). Oriental Despotism. Sociologus, 3(2), 96–108. http://www.jstor.org/stable/43643798  

Zimansky, P. (1985). Ecology and Empire: The Structure of the Urartian State. Chicago: Oriental Institute of the 
University of Chicago. 

 
Shaikh Baikloo Islam, B. (2025). The Role of Urartian Hydraulic Infrastructure in Climate Resilience: A Synthesis of Centralized Authority 

and Local Initiative in Southwest Asia. Heritage of Southwest Asia, 2(2), ID3. https://doi.org/10.22034/hsaj.2025.562249.1030 

https://doi.org/10.22034/hsaj.2025.558717.1024
http://dx.doi.org/10.52547/jra.9.2.396
https://doi.org/10.1007/s10113-023-02119-x
https://doi.org/10.1016/j.quascirev.2015.07.006
https://doi.org/10.1126/sciadv.aax6656
https://doi.org/10.3390/w13192734
https://doi.org/10.3390/w8030090
https://www.jstor.org/stable/4200585
https://doi.org/10.1191/0959683603hl653rp
https://doi.org/10.2307/2941830
http://www.jstor.org/stable/43643798
https://doi.org/10.22034/hsaj.2025.562249.1030

