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Abstract

Climate variability has had a marked influence on water
availability, traditional farming (agro-pastoral) practices,
and therefore the livelihood of human communities in
the Peruvian Andes since at least the Middle Horizon
cultural period (AD 600-1000). Current global climate
warming poses a more significant threat, however,
enhancing vulnerability and creating a greater risk to
all assets. To better understand the challenges faced by
rural communities living with climate variability, as
well as the opportunities afforded through appropriate
adaptive strategies, a research pilot project (ACCESS)
was conducted in the Cordillera Blanca and Cordillera
Negra, Ancash region. The preliminary findings reveal
that variability in precipitation over the past 1500
years was coincident with major cultural changes and
advancement in water management practices, although
the precise temporal relationships remain uncertain.
Nevertheless, the construction of canals and reservoirs,
as well as agricultural terraces, clearly indicates that past
cultures in the Ancash region recognised the need to
enhance resilience and for the sustainable management
of natural resources. At the present day, our data
indicate that local communities in both Cordilleras are
experiencing the effects of climate change, especially
water shortages, increasing temperatures and glacier
retreat, soil degradation, and greater problems with
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crop pests. These concerns are worsened by a shortage
of agricultural land, conflict between communities and a
lack of state intervention. Adaptive strategies proposed
by communities include improved water management,
economic diversification, greater community
collaboration and state investment. The concerns over
water availability are in agreement with the preliminary
hydrological and crop-water modelling findings of the
project, which indicate that with rising temperatures
and variable precipitation patterns, improved water
management in both cordilleras will be required to
maintain effective levels of irrigation for sustainable
farming and economic development. Finally, we
highlight the importance of restoration of ancient water
management and agricultural infrastructure, as well as
the significance of indigenous knowledge amongst local
communities, as a means of enhancing adaptive capacity
in the face of climate change.

Palabras clave: Climate change, water management, crop water
modelling, Cordillera Blanca, Cordillera Negra
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Resumen

En los Andes peruanos, la variabilidad climitica ha
tenido unamarcadainfluenciaen ladisponibilidad de agua,
en las précticas agricolas (agropecuarias) tradicionales y,
por lo tanto, en el sustento de las comunidades humanas;
al menos desde el periodo cultural del Horizonte Medio
(600-1000 d.C.). Sin embargo, el actual calentamiento
global supone una nueva mayor amenaza, ya que hace
aumentar la vulnerabilidad y todos los riesgos asociados
al cambio climatico. ACCESS fue un proyecto piloto
de investigacion, llevado a cabo en la Cordillera Blanca
y la Cordillera Negra de la regién de Ancash, con el
objetivo de estudiar y comprender los desafios a los que
se enfrentan las comunidades rurales que sufren esta
variabilidad climitica, y las oportunidades y estrategias
adecuadas de adaptacién a este fendémeno. Los hallazgos
preliminares del proyecto revelan que, durante los
ultimos 1500 afios, las variaciones en las precipitaciones
coincidieron con importantes cambios culturales, y
avances en las pricticas de gestién del agua; aunque las
relaciones temporales precisas son aun inciertas. Aun
asi, la construccién de canales, embalses y de andenes
agricolas, indican claramente que las culturas del pasado,
en la regién de Ancash, reconocieron la necesidad de
mejorar su resiliencia y el manejo sostenible de los
recursos naturales. Los datos resultantes del proyecto
indican que, actualmente, las comunidades rurales de
ambas Cordilleras estin experimentando los efectos del
cambio climético, especialmente en relacién a la escasez
de agua, el aumento de las temperaturas y el retroceso
de los glaciares, la degradacién del suelo agricola, y las
plagas de los cultivos. Estos problemas se ven agravados
por la escasez de tierras agricolas, los conflictos entre
las comunidades, y la falta de intervencién estatal. Las
estrategias de adaptacién propuestas por las comunidades
incluyen una mejor gestién del agua, la diversificacién
econdmica, una mayor colaboracién comunitaria, y mas
inversion estatal. La preocupacién de las comunidades
respecto a la disponibilidad de agua, concuerda con
los datos y conclusiones preliminares de modelado
hidroldgico y de cultivos/agua del proyecto. Estos indican
que el aumento de las temperaturas, y de los patrones
variables de precipitacién, hardn necesaria una mejor
gestién del agua en ambas cordilleras, para mantener
niveles efectivos de riego y conseguir una agricultura
y un desarrollo econémico sostenibles. Finalmente, se
destaca la importancia de la recuperacién de las antiguas
infraestructuras agricolas y de gestién del agua, y del
conocimiento tradicional indigena entre las comunidades
locales, como medios para mejorar su capacidad de
adaptacion frente al cambio climético.

Palabras clave: Cambio climdtico, manejo del agua, modelaje
del agua de los cultivos, Cordillera Blanca, Cordillera Negra

Introduction

he current and future impact of global climate

change on the major weather systems of Peru
remain to be fully understood although it is widely
recognised that the dynamics of the South American
Summer Monsoon (SASM) and the Intertropical
Conversion Zone (ITCZ) may be severely affected as well
as the frequency and amplitude of the El Nifio Southern
Oscillation (ENSO) (Grimm and Zilli, 2009; Vuille et al.,
2012). Currently, during the wet season (austral summer
- December to March) in Peru, precipitation is at its
maximum due to a deep zone of convection in southern
Amazonia and strong easterlies. In contrast, during the
dry season (austral winter — April to November), the
main zone of convection has moved north resulting in a
sustained period of lower precipitation (Garreaud et al.,
2009; Grimm and Zilli, 2009). Continued warming of
the Northern Hemisphere and Atlantic Ocean however
may weaken the SASM, which could have a significant
impact on the environment, economy and society of the
Peruvian Andes because of the profound influence it has
on water availability and quality, traditional farming
(agro-pastoral) practices, and the livelihood of local
communities, amongst many other things (Bird et al,,
2011). Increased variability and reduced predictability
of water resources (both spatially and temporally) is
therefore of considerable concern coupled with the
impact of accelerated glacier retreat (in some areas) and
the increased likelihood of catastrophic events (e.g.,
GLOF) that are hazardous to both human communities
and the environment.

To better understand the challenges being faced by
communities living with enhanced climate variability, as
well as the opportunities afforded through appropriate
adaptive strategies, we conducted a pilot project funded
by the British Academy Knowledge Frontiers programme
(Adaptive Capacity of Farming Communities to
Climate Change in the Peruvian Andes (ACCESS)). The
geographical focus of the research was the Cordillera
Blanca (CB) and Cordillera Negra (CN) in the Ancash
region of northern Peru (Figure 1). The present-day agro-
pastoral system in Ancash has its foundations in pre-
Hispanic cultural development and the transformation
of the landscape through sophisticated, highly organised
engineering including agricultural terraces and water
management infrastructure. However, whereas in the
pre-Hispanic, Spanish Colonial and early Republican
past integrated socio-regional control was paramount
to the sustainability of this agro-pastoral system, in
the present-day, an apparent lack of investment makes
local communities highly vulnerable to external forcing
factors, especially climate change. For example, according
to several local communities, strategies for water
management employed by Peruvian institutions appear
to ignore local cultural and agricultural knowledge,
which reflects the long history of human occupation in
Ancash. Indeed, the archaeological record suggests that
the problems being faced in the CN and CB today have
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parallels with the challenges experienced by communities
in the past, which provides an opportunity to better
understand how adaptive capacity in the present-day can
potentiallybe enhanced bylearning from ancient practices.
A major challenge for local communities, policymakers,
government institutes, non-governmental organisations
(NGOs) and universities in the region, however, is how
to unite these diverse sources of knowledge in a way
that makes best use of ancient, traditional practices, local
knowledge, modern approaches and scientific expertise.

Our methodology was therefore designed to: (1)
evaluate ancient water management systems and cultural
development in the context of past climate variability
over the past 1500 years; (2) characterise the challenges
and opportunities due to climate change faced by present-
day communities practising agro-pastoralism; (3) provide
insight into current water availability and demand, and
to identify areas of future water stress. This was carried

out at representative sites in both study areas (Figure
1). Here we present a summary of the preliminary
findings. We end with a comment on the important
role that restoration of ancient water management and
agricultural infrastructure can potentially play in climate
change adaptation.

Synthesis of Past Climate Variability

Over the past 40 years, there has been a growing
body of palaeoclimate data for the Peruvian Andes
spanning the last 1500 years from a range of archives (e.g.,
ice cores, cave speleothems, lake and marine sediments,
glacial landforms, peat bogs and archaeological records).
Proxy records from these archives have highlighted
their sensitivity to atmospheric and oceanic dynamics of
tropical South American climate over various timescales
(e.g., Haug et al., 2001; Chepstow-Lusty et al., 2003; Rein
et al., 2005; Vuille et al., 2012; Apaéstegui et al., 2014;
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Figure 1. Location of key sites in Peru mentioned in the text. Pilot study area for the ACCESS project highlighted with
insert showing the location of Unidos Venceremos, Rio Llulldn and Rio Ancash (Cordillera Blanca), and Pamparomis, Rio
Chaclancayo and Rio Uchupacancha (Cordillera Negra).
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Stansell et al, 2017; Thompson et al., 2017; Sandweiss et
al., 2020). Records have revealed important episodes of
both climate change and enhanced variability such as the
Medieval Climate Anomaly (MCA; AD 900-1250), Little
Ice Age (LIA; AD 1400-1850) and Common Warm Period

(CWP; AD 1850 to present), as well as ENSO events.

These records were mainly characterised by changes in
the hydrological cycle leading to variability (spatially
and temporally) in precipitation due to the intensity of
the SASM. Indeed, various studies have highlighted the

varying influence of Northern Hemisphere temperatures,

tropical Atlantic and Pacific sea surface temperatures
(SSTs), the Atlantic Multidecadal Oscillation (AMO) and

the position of the ITCZ on the strength or weakness

of the SASM over decadal to centennial timescales. On

interannual timescales, SSTs in the Pacific also appear to

have had a considerable effect on moisture flow over the
Andes due to the influence of ENSO resulting in either

a rainfall deficit (positive ENSO - El Nifio) or surplus
during a negative ENSO (La Nifia).

Here we provide a synthesis of some of the key

changes during the last 1500 years in the Peruvian
Andes, with a focus on the MCA and LIA, as the basis
for discussion about the possible impact of climate
variability on past water availability, its management and
the socio-economic structures of human communities
(see below). High-resolution speleothem 6O data from
a number of caves have provided compelling evidence for
Late Holocene climate change in the Peruvian Andes. At

Huagapo Cave, the "0 data indicate intensification of

the SASM during the Middle to Late Holocene transition

(Kanner et al., 2013), which is supported by the 80 ice
core record from Huascardn (Thompson et al., 1995),
and "0 lake sediment data from Laguna Junin (Seltzer,
Rodbell and Burns, 2000) and Laguna Pumacocha (Bird
et al., 2011) (Figure 2). During the Late Holocene, the
Huagapo Cave data also suggest good agreement with
the Pacific marine record indicating that variability in
precipitation was consistent across a wide geographical
area, and at times linked to intensification of ENSO and a
weaker monsoon (Kanner et al., 2013).

From AD ~1100-1300, data from the Quelccaya ice
core indicate that annual net accumulation was below
average and that 8O values were variable and enriched
(heavier) by comparison to average values of the last 1800
years (Thompson et al., 2013, 2017) (Figure 2). Given
that the record from Quelccaya provides an indication
of 8"0 wvariability during the wet season when most of
the precipitation occurs in the region due to the SASM,
these data indicate that the MCA was clearly a period
of much lower precipitation from AD ~1100-1300.
Authigenic calcite 80 values from Laguna Pumacocha
(Bird et al., 2011) also suggest that the SASM was less
intensive at this time, whilst 8'*0 values from Palestina
Cave (spanning the last 1600 years) similarly show
enrichment from AD 920-1100, including a distinctive
“double peak” at AD ~934 and AD ~1039 (Apaéstegui et
al., 2014). Elevated values were also recorded at AD 421-
580 and AD 722-820 at Palestina Cave, which suggests
reduced SASM intensity during an otherwise sustained
period of higher precipitation prior to the onset of the
MCA at AD 920 (Figure 2). Apaéstegui et al. (2014)
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Figure 2. Selected palaeoclimate proxy data for Peru (see text for citation). Maximum age ranges for onset and termination of

the Medieval Climate Anomaly (MCA, pink) and Little Ice Age (LIA, light blue) shown as shaded areas. Age model in calendar

ages AD. Wetter / drier shifts shown by arrows for each record. Data downloaded from the National Oceanic and Atmospheric
Administration (NOAA), USA Department of Commerce (https://www.noaa.gov/).
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note that the Quelccaya record similarly shows enriched
580 values at AD 990 and AD 1080, although whether
these are the same events recorded at Palestina Cave and
Laguna Pumacocha remains unclear, but they confirm
periods of significantly less precipitation. It is suggested
that reduced moisture over the Andes during the MCA
may be due to higher SST in the tropical Atlantic and a
more northerly position of the ITCZ over multi-decadal
timescales. Interestingly, Apaéstegui et al. (2014) highlight
that at Palestina Cave reduced rainfall during the wet
season and correspondingly higher rainfall during the dry
season may possibly explain the pattern of &%0 values
observed; this implies that during the main growing
season for crops in the Andes, higher water availability
would not have placed considerable stress on cultivation
practices but may have required careful management due
to reduced rainfall in the wet season. Marine sediment
records off the coast of Peru similarly indicate a period
of climate change during the MCA (Rein et al., 2005).
These studies, based on sedimentological, alkenone and
chlorin analyses, were interpreted as weakening of the
ENSO signal from AD 800-1250 and a period of extreme
drought preceded and followed by major flood events
(Rein, Liickge and Sirocko, 2002). Finally, variation in the
timing of the onset and termination of the MCA between
archives and their climate change proxies has been noted
by several studies, but it seems certain that the MCA was
underway by AD ~900 in the Peruvian Andes.

The timing of the onset of the LIA wvaries
considerably between archives but collectively they
indicate an age range of AD ~1325-1880. This suggests a
rather abrupt transition to the LIA following termination
of the MCA. At Quelccaya, the onset of the LIA was
evidenced by significant changes in geochemistry and
a reduction (lighter) in 8"%0 values from AD ~1520-
1880 indicating higher precipitation (Thompson et al.,
2013, 2017). Furthermore, the annual net accumulation
significantly increased until AD ~1680 but thereafter
declined (Figure 2). As noted above, precipitation in
the Peruvian Andes is mainly received from the tropical
Atlantic via the Amazon Basin, but it is believed that
on interannual timescales SSTs in the Pacific have a
considerable effect on moisture flow over the Andes
influencing 80 values. This suggestion appears to be
consistent between the findings from the Quelccaya,
Huascardn and Sajama (Bolivia) ice core records, and
collectively indicates that 8O values do also reflect SSTs
in the Pacific, ENSO variability and migration of the
ITCZ, despite agreement that the SASM is the primary
source of moisture (Thompson et al., 1995). During the
LIA, ice core geochemistry, especially higher nitrate and
ammonium values, from Quelccaya also suggest higher
precipitation, whilst depleted 80O values indicate lower
SSTs and cooling. If these reflect Pacific SSTs and linked
ENSO events, then they undoubtedly resulted in glacier
mass gain, which is consistent with the higher annual net
accumulation reported for Quelccaya from AD ~1520-
1680 and therefore glaciological evidence for a cool and
humid climate. This was succeeded by warmer and drier
conditions and glacier retreat from AD ~1680-1880.
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These ice core records for higher precipitation
during the LIA (intensified SASM) appear to be consistent
with speleothem 80 values for a 20% increase in rainfall
compared to the 20th century (Reuter et al., 2009), and
those from authigenic calcite 5'*O from lake sediments
(Bird et al., 2011). At Palestina Cave, depleted 8O values
were recorded at AD 1325-1820, with the lowest values
from AD 1400-1593, which represents a longer time
series of climate variability during the LIA than obtained
from Quelccaya (Apaéstegui et al., 2014) and may also
suggest complex spatial variability in LIA precipitation
in the Peruvian Andes at this time (Figure 2). Similar
depleted 8O values were noted at AD 580-720 and
AD 820-920, which confirm higher SASM intensity at
times prior to the onset of the MCA. At Huagapo Cave,
a gradual decrease in "0 values was also recorded from
AD 1365-1820, which is consistent with those from
Palestina Cave (Kanner et al., 2013). Both Huagapo Cave
and Cascayunga Cave 50 values provide clear evidence
for the LIA, which is considered to reflect a period of
considerably higher precipitation and variability in the
tropical Atlantic (both SSTs and AMO) with higher
moisture levels attributed to cooler tropical Atlantic SSTs
(Reuter et al., 2009).

Data from Lagunas Queshquecocha, Jahuacocha
and Lutacocha, coupled with glaciological evidence from
nearby landforms, similarly noted that during the MCA
glaciers retreated, resulting in lower clastic sediment
input to the lakes (Stansell et al., 2013). In contrast, during
the LIA glacier re-advance was evidenced by increased
clastic sedimentation from AD ~1400/1500 (Stansell et
al., 2017). At Laguna Pumacocha, 8®0 values indicated
reduced precipitation from AD 900-1100 (MCA) and
again from AD 1900, whilst from AD 1400-1820 there
was significantly increased precipitation during the
LIA (Bird et al., 2011), reflecting changes in the SASM.
Interestingly, at Laguna Marcacocha, Chepstow-Lusty
et al. (2003) also provided compelling evidence based on
pollen records for drier episodes at AD 100 and AD 550,
with an extended dry phase from AD 900-1800 during
the MCA that extended into the LIA, which may further
highlight regional or site-specific sensitivity to climate
variability. Finally, marine sediment records from Peru
indicate that between 500-700 years ago (AD ~1300-
1500) lithic concentrations increased, probably related to
catastrophic flood events, which interestingly coincide
with the records presented above from the Andes for
higher precipitation (Rein et al., 2002). These marine
data suggest possible increased frequency of ENSO events
from the beginning of the LIA onwards (Figure 2).

Past Climate Variability and Cultural Change

Water is a critical human resource in the present, as
well as it was in the past. Throughout the pre-Hispanic
period, cultural transformations were defined by how
different cultures managed and harnessed water (Kosok,
1965; Lane, 2006, 2014; Ortloff, 2010). In this regard,
our study area stretches across two cordilleras from the
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Cordillera Blanca’s (CB) Huandoy glacier (6356 m a.s.l.)
to the foothills of this mountain range, encompassing the
Ancash, Llanganuco and Llullédn river basins (Figure 1).
These high energy streams flow into the section of the
Santa River sandwiched between the Cordillera Negra
to the west and Cordillera Blanca to the east, a major
inter-Andean valley, also known as the Huaylas callejon
or corridor. Further east rises the glacier-denuded
Cordillera Negra (CN), from the high peak of Cerro Rico
(5004 m a.s.l.) down the Chaclancayo (also known as
Huarac Pampa) and Uchupacancha river basins, down to
the coast and the Pacific Ocean (Figure 1).

The CB and the CN are a study in contrasts. While
glaciers have been a permanent feature of the CB since
at least the Pleistocene, the CN has been mostly stripped
of permanent ice cover for most of this same period
(Mark and McKenzie, 2007; Stansell et al., 2017). Indeed,
aside from the Cordillera la Viuda in central Peru (Olarte
Navarro, 2007), the whole of this Pacific-facing mountain
range nowadays relies exclusively on seasonal rainfall and
winter sea-fog (garta) for hydrological replenishment.
Given the fact that most of this precipitation comes from
the Amazon Basin through strong easterlies pushing into
the Andes during austral summer rains (December to
March) (Garreaud et al., 2009), it is of little surprise that
annual precipitation tends to be considerably lower in the
CN (c. 500 mm) than in the CB (c. 1000 mm) (Tremolada
et al., 2008). Therefore, not only does the CN not benefit
from glacier runoff, but it is also considerably drier than
the other mountain ranges in the region. This has shaped
past human responses to water across both cordilleras,
responses with important repercussions for today’s
increasing water insecurity across the region.

Extensive archaeological survey and excavation
by our team (1999-2021) have revealed evidence of
continuous settled occupation of the area since the late
Formative Period or terminal Early Horizon, c. 200 BC,
and previous excavations in the area attest to the presence
of hunters and early farmers as far back as 10,000 years ago
(Lynch, 1971). Beginning with settlement on the deep rich
soils on the valley floor, the farming landscape gradually
filled in with settlements at water sources and along
routes across the glaciated mountains. Overall, a number
of important shifts in settlement patterns are apparent
in the area, occurring during the late Middle Horizon
(AD 800-1000), the Late Intermediate Period and Late
Horizon (AD 1000-1400 and AD 1400-1532 respectively)
and the early Spanish Colonial Period (AD 1532-1615).
Settlement shifts which have important connotation in
regards to water management systems.

Therefore, while hydraulic technology is common
to both cordilleras, the level of investment in the drier CN
was of considerably more magnitude given the greater
water exigencies prevalent in this mountain range.
That said, irrigation canals are ubiquitous to the Andes,
in use since at least the Fifth Millennium BC (Dillehay,
Rossen and Netherley, 1997), serving to transport water

from source to where it is required in the most efficient
manner possible (Denevan, 2001: 146). In our study
area, most canals tend to be local affairs moving water
short distances from glacier outflow, rivers, and basins
to nearby fields and pastures. Larger canals, such as the
Huiru Catac in the Jimbe Valley were probably late pre-
Hispanic or Inca (AD 1400-1532) mega-projects aimed at
supplying water to the coast (Maza, 2017). In many cases
in the pre-Hispanic past, canals were associated with
terraces (Denevan, 2001: 141), although in the study area
most terraces have long been abandoned or destroyed to
allow animal (mainly oxen and mules) traction ploughing
of larger fields. In the vertiginous slopes of the study area,
this has led to considerable soil erosion.

Across the research area ancient gravity irrigation
canals, many of which are still in use, denote significant
coordinated investment of labour for agriculture. Large
acequias madres (primary canals) criss-cross both the
CB and CN, some of them as rock cut canals similar to
those found at Cumbemayo, Cajamarca, suggesting Early
Horizon (1200-100 BC) use of this type of technology in
the area. Likewise, in the higher areas of the CB, several
canals transport water from glacial basins to their drier
neighbours. In turn, this water is also used to replenish
wetland areas — such as Huarca (near Yungay) - all indicative
of a sophisticated hydraulic technology employed in both
agriculture and herding. Evidence of repair, erosion, and
changes in the form of the canal at the Middle Horizon
(AD 600-1000) site of Keushu, for instance, suggests
intensified water resource use during this period (Herrera,
2017: 216), but due to uncertainty over the precise timing
of construction of these canals it remains unclear whether
this was a response to enhanced water availability prior to
the MCA, or reduced water during the MCA.

Indeed, the Middle Horizon (AD 600-1000) was
crucial for the development and expansion of water
capture technology across the Andean highlands, although
it remains uncertain whether this expanded after the start
of the long dry period (AD ~900; see above, also, Ortloff,
2010: 57-59) associated with the onset of the MCA. In
our study area, we hypothesise that the CN led the way
in hydraulic technology expansion throughout this end
phase of the Middle Horizon and the subsequent Late
Intermediate Period (AD 1000-1400), attempting through
various engineering constructions to assuage incipient
and incremental water insecurity. Greater precipitation,
and generally colder conditions, in the period after AD
1325 with the onset of the LIA does not coincide with an
appreciable increase in hydraulic technology use either in
the CB or CN. Nevertheless, this subsequent period of the
LIP until the Inca conquest during the early 15th century
was marked by heightened levels of internecine violence
and the construction of easily defensible hilltop settlement
sites across the highlands (Arkush and Tung, 2013).
Ethnohistoric and palaeoenvironmental evidence, though,
does posit an important change in baseline economics with
increasing investment in camelid herding over farming in
the highlands, which continued under the Inca (AD 1400-
1532) (Chepstow-Lusty, 2011; Duviols, 1973).
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Overall, the expansion in water technology
throughout this whole period was also conducted against
the backdrop of an ever-increasing human population,
which reached its apogee shortly before the arrival of the
Spanish in AD 1532 (Cook, 1981). Technological expansion
and innovation came in the form of water dams, reservoirs,
artificially irrigated wetlands using check-dam type silt-
traps known as silt dams and reservoirs, terraces, canals,
and other associated hydraulic infrastructure, sustaining
a technologically savvy, highly specialized and integrated
agro-pastoralist economy. The ensuing hydraulic landscape
transformation enabled the storage of water both physically
and geologically on a whole-of-basin or -tributary basis
(Lane, 2017). There was also investment in hydraulic
engineering in the CB, even if this entailed less large
upland dams, given the prevalence of natural lakes and
glacier meltwater, and more reservoirs and canals ensuring
water availability to farming and herding areas.

Importantly, during the LIP all this infrastructure was
managed at a community and village level (respectively
the ayllu and llacta/marca) by corporate groups rather
than well-established hereditary elites (Lane, 2009). Later
incorporation of all this region into the Inca Empire (c.
AD 1450) brought with it modifications to the hydraulic
system while maintaining much of the underlying socio-
economic lifeways, beyond perhaps a certain shift towards
greater societal hierarchy, including the emergence of
potentially hereditary curaca or chiefs (Aibar Ozejo,
1968). At this stage in the late pre-Hispanic period
(and throughout much of the 16th century) this region,
the Inca province of Huaylas, was one of the richest
and most populous of the Andes (Levillier, 1926: XIII:
Segunda Parte: 308-9). A prosperity based essentially on
a persistence of small-holder subsistence agriculture that
continues altered but unabated, at least in the CN, up to
the present (Rasmussen, 2015). The CB is different given
that continued recourse to water, and indeed increased
water availability due to glacier retreat and enhanced
meltwater flow, has led to evermore market-orientated
initiatives, such as export quality flower-growing, with
the potential environmental and social problems that this
brings in its wake (Orlove, 2020).

Spanish conquest impacted heavily on the Andes and
in the Huaylas region, through the triple ills of disease,
dislocation and depopulation. Severe depopulation
through deadly European diseases and community
dislocation caused upwards of a 60% reduction in
population during the first 100 years of contact (Cook,
1998) and the whole region entered into a downward spiral
from which it only slowly emerged during the 20 century.
In this context, the rich suite of hydraulic engineering that
had met local needs during the pre-Hispanic period was
abandoned wholesale such that it was mainly only canals
which were up-kept. Indeed, it is relatively recently that a
buoyant human population coupled with the exigencies of
modern life and climate change are gravely stressing local
resilience and water security. Yet, modern populations
and governments seem ill-equipped to mitigate against
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ever-increasing water stress even when the area is replete
with potentially re-usable pre-Hispanic installed hydraulic
capacity in the shape of water dams, reservoirs and relict
terraces. Only new thinking that incorporates modern
solutions, such as drip irrigation, and rehabilitates old
technologies has a chance of meeting people’s needs in
the short-term, while guaranteeing water security in the
medium- and long-term.

ClimateChange:Challengesand Opportunities
for Farming Communities

Andean mountain ecosystems are much affected
by climate change (Torres, Frias and de la Torre, 2014;
Schoolmeester et al., 2016; Duputis, 2021), especially in
relation to water availability and agriculture, which is the
main economic activity of local indigenous communities, so
they are very vulnerable to this phenomenon (USAID, 2011;
Pramova, di Gregorio and Locatelli, 2015). This is the case
of the Cordillera Blanca (CB) and Cordillera Negra (CN),
where abundant studies on the impact of climate change
have been conducted (Carey, French and O’Brien, 2012;
McKinney, Anderson and Byers, 2011). The research of the
ACCESS project in these cordilleras included an important
social science dimension, designed to integrate the socio-
economic context with local knowledge and cultural
characteristics of rural farming communities, by exploring
the ideas and perceptions of members of the communities
about their agricultural systems and problems of living
with climate change. This is important because local and
indigenous knowledge and traditions are key to climate
change adaptation, in the Andes and beyond (Valdivia et
al., 2010; Kirkland, 2012; Walshe and Argumedo, 2016).
The pilot research was mainly based on ethnographic
fieldwork conducted by the project members (summer
2019), involving participatory workshops and interviews
following a methodology known as RAAIS (Barrett et al.,
2017; Schut et al., 2015) (Figures 3A and 3B). In the CB,
fieldwork focused mainly on the peasant community of
Unidos Venceremos (near Yungay), while in the CN we
focused on the peasant community of Pamparomés (see
https://arcg.is/OrLeXm [English version]; https://arcg.
is/19yWum [Spanish version]) (Figure 1).

Our preliminary findings indicate that both
cordilleras are dominated by the presence of what
is known as peasant communities, formerly called
indigenous communities, which have a special legal status
based on distinctive communal features (e.g., ownership
of their territories) (Ferreira, 2012). In these communities,
all local families own land and work in agriculture, which
tends to be their main economic activity, complemented
with other sources of income (e.g., working in shops,
taxi services and temporary migration). Agricultural
production in these communities is partially used for
self-consumption (traditional crops such as maize and
potatoes in both study areas), and partially oriented to the
market economy (e.g., flowers and greenhouse fruit in the
CB) due to their proximity to coastal and urban areas. In
contrast, the main river valley (Rio Santa) that separates
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Figure 3. A selection of photographs taken during the field investigations. A. Workshop at Universidad Nacional Santiago

Antinez de Mayolo (Huaraz). B. Workshop at Pamparomis village (CN) with the Junta de Desarrollo Distrital de Pamparomas.

C. Canalised edge of the Huarca wetland (CB) supplying irrigation water. D. Modern reservoir in the Rio Uchupacancha (CN).
E. Flow gauging in the Rio Uchupacancha (CN). F. Pre-Hispanic water dam of Ricococha Alta (CN).

both cordilleras (Callejon de Huaylas) is dominated by
the presence of cities, towns and semi-rural areas, where
land tenure and agro-pastoral work are based on full
private property. Many people living there, including
those in urban centres, tend to own or have access to some
rural land, and to work to some degree in agriculture,
as a complementary economic activity. Other important
economic activities in the area are tourism (attractive
because of the snow-capped mountains and glaciers) and
mining, which has an important environmental cost. As a
result, the Ancash region is comparatively wealthier than
others in the Peruvian Andes (latest figures from Instituto
Nacional de Estadistica e Informitica del Pert (www.inei.
gob.pe/): national poverty rate 20.5% in 2018; Ancash
22.0% compared to Cusco 25.0% and Ayacucho 51.5%). In
the CB peasant communities are comparatively better off, as
water is more abundant because of the presence of glaciers
and due to glacier retreat (Raymondi, Delgado-Arias and

Elder, 2012). Therefore, agriculture is more productive
and more profitable, allowing greater investments in
infrastructure (e.g., greenhouses, technified irrigation).
There are also more economic opportunities related to
tourism and other activities. In the CN, communities
are comparatively poorer because water is scarcer and
agriculture less productive, and there is less diversity in
local economies, so less profits and investment.

Within each study area, our research has identified
the following main socio-economic and environmental
challenges, which are deeply interrelated (Tables 1 and
2). Lack of water for agricultural use: Most sources
highlighted this as the most important challenge for
local peasant communities. This has been a long-term
problem in this and in other Andean areas, although
it has worsened in recent decades due to decreasing
precipitation and more irregular weather conditions,
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Table 1. Ranking of main agricultural challenges and
opportunities identified by local farmers in the fieldwork’s
workshops according to their importance: Cordillera Negra

including an increasing number of extreme events (e.g.,
prolonged and harsh frosts). Increasing temperatures

and glacial retreat: Most sources also agreed that the
acute increase in temperature in recent years is one of the
main challenges for local agriculture. This has contributed
to increasing aridity and impoverishment of agricultural
soils, which are less productive and need more irrigation as
a result. It has also contributed to gradual changes in local
production areas and ecological zones, marked mainly by
altitude, which have had a direct effect on local agriculture,
with an upwards movement of ecosystems, crops and also
an increase in crop pests (as reported in other Andean areas
e.g., Skarbe and Lambrou, 2015).

Soil degradation, pests and agrochemicals: The
increasing degradation of agricultural soils and crop
pests in the agricultural areas has contributed to the
increased use of agrochemicals (fertilisers, insecticides
and herbicides). The long-term impact on soil heath is
currently unknown. Lack of agricultural land for local
families: Successive plot subdivisions through inheritance
reduces families’ access to agricultural land. As a result,
families and individuals, mostly youngsters, who have
not enough land and have to look for complementary
economic activities (e.g., commerce, daily waged labour)
or are forced to migrate. The latter contributes to the
higher age range of the remaining population and,
sometimes, to workforce shortages for agricultural work.
Conflicts within and between local communities, and
weakening of social bonds and cohesion: The lack or
insufficiency of natural resources (e.g. land, water), and
the resulting competition for them, has been a source
of internal and external conflicts and competition
within and between local communities, which has been
increasing in recent years. This takes place between local
families and sectors, between neighbouring communities,
and between communities and other actors (e.g., mining
companies). Most of these conflicts involve water, land or
environmental problems (e.g., contamination, pollution).
Older farmers also pointed to the weakening of social
bonds and cohesion within communities as an emerging
problem, as a result of an increasing materialism and
individualism among the young, and of an increasing
disrespect towards older generations.

Lack of state intervention: Most farmers also
pointed to the role of the state as an important factor in
local agriculture, mostly in negative terms. At a general
level, many criticised the negligence of the state towards
Andean areas and rural communities, and its lack of
interest and support for small-scale agriculture. Specifically,
they criticised state intervention in their communities as
insufficient, inefficient and affected by problems such as
widespread corruption, discoordination between different
levels (national, regional, local) and political interests. They
were demanding more and better support by the state.

Within each study area, our preliminary research
has identified the following main socio-economic and
environmental opportunities and possible solutions
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(workshop conducted in Pamparomas on September 6, 2019).

A. Challenges-problems

B. Solutions-opportunities

a.l. Very important

1. Lack of water for

agriculture

Irregularity of rains

Increasing temperatures

Droughts

Lack of state support

Mining-related

contamination

7.  Increasing plagues and
pests

oA BN

b.1. Very important

1. Improvements in
collaboration and unity
(social cohesion) in local
communities

2. Improvement of state
intervention and
coordination

3. Dam ponds and lakes in
high areas

4. Reforestation

5.  New technologies for
storing water (e.g.,
filtration ditches)

6.  Construction of
reservoirs for rainwater
harvesting

7.  Improvement of local
communication and
access (roads, paths,
etc.)

a.2. Important

1.  Degradation of soils in
agricultural lands

2. Loss of social unity
(cohesion) within local
communities

3. Lack of coordination
between agriculture and
herding

4.  Lack of combination of
ancient and traditional
technologies with
modern ones and
science

5. Use and abuse of
agrochemicals

a.2. Important

1. Improvement in
general planification
(agriculture, etc.)

2. Technified irrigation
combined with
traditional technologies

3.  Improvement of
agropastoral training
and formation

4. Increase economic
diversification (to avoid
migration, etc.)

5.  Better organisation and
management of river
basins

6.  Limit and reorganise
herding in high areas

a.3. Less important

1. Lack of efficient
agropastoral training

2. Migration of local
youngsters

3. Need to introduce
improved livestock
breeds

4. Frosts

b.3. Less important

1. Tourism

2. Installation of
greenhouses (in lower
areas)

3. Set up associations of
agricultural producers
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Table 2. Ranking of main agricultural challenges and

opportunities identified by local farmers in the fieldwork’s

workshops according to their importance: Cordillera Blanca
(workshop conducted in Huaraz on September 9, 2019).

A. Challenges-problems

B. Solutions-opportunities

b.1. Very important

1. Construction of
reservoirs for rainwater
harvesting

New technologies for
storing water (e.g.,
filtration ditches)
Technified irrigation
combined with
traditional technologies

a.l. Very important

1. Increasing temperatures 2.

2. Glacier retreat

3. Lack of water for
agriculture 3.

4. Irregularity of rains

5. Degradation of soils in

agricultural lands 4. Improvement of state
6.  Use and abuse of intervention and
agrochemicals coordination
7. Lack of supportbythe 5. Improvement of
state education
8. Increasing plaguesand 6. Tourism
pests 7.  Reforestation

8.  Better organisation and
management of river
basins

a.2. Important a.2.Important

1.  Improvement of local
communication and
access (roads, paths,
etc.)

2. Improvement of
agropastoral training
and information

1. Droughts (increasing
and worsening)

2. Lack of combination of
ancient and traditional
technologies with
modern methods and

science 3. Improvement in
3. Mining-related ’ P D
. general planification
contamination

(agriculture, etc.)

4.  Increase economic
diversification (to avoid
migration, etc.)

5. Improvements in
collaboration and unity
(social cohesion) in local
communities

4.  Lack of efficient
agropastoral training

5. Frosts (increasing and
worsening)

6.  Loss of social unity
(cohesion) within local
communities

b.3. Less important

1. Dam ponds/lakes in

a.3. Less important high areas (when they
are not in protected
1. Need to introduce spaces)
improved livestock 2. Limit and reorganise
breeds herding in high areas
2. Agroindustry 3. Set up associations of

agricultural producers

4.  Installation of
greenhouses (in lower
areas)

3. Migration of youngsters

(Tables 1 and 2). Water supply for agricultural use: Most
local sources pointed to technified irrigation (through
aspersion stationary processes [for flowers in the CB] or
drip irrigation [for fruit in the CB]) as the main solution
to the lack of water. However, they recognise that this
requires a high level of investment and many families
acknowledged that they cannot afford the apparatus,
while the state is not investing in such infrastructure.
An alternative suggestion was the construction and
improvement of infrastructure, such as dams in higher
elevation lakes and reservoirs for rain harvesting in
strategic locations, although such measures also involve
high investment. Some sources highlighted the need to
combine modern technology and science with the use
of ancient Andean technology and techniques of water
supply and management for agricultural use, such as
contention ditches, wetlands (bofedales) and agricultural
terraces. Others highlighted the need to improve the
management of river basins and micro-basins in the area
as an important source of water for agricultural use.

State intervention: Most informants pointed to
greater involvement and commitment of the state within
Andean areas and agriculture, and of an increase and
improvement of state intervention in local communities
as a channel to improve their agriculture and address some
of its challenges. Particularly, they pointed to the need
for more state investment in agricultural infrastructure
(e.g., technified irrigation, reservoirs) and training (e.g.,
agricultural techniques, crops), and the need to increase
and improve the coordination and collaboration between
state levels (local, regional, national) and programmes in
relation to agriculture and environmental conservation.
More specifically, they demanded more and better specific
training by the state and NGOs about climate change
and its repercussions, especially in relation to the future
challenges and opportunities for their communities.
Economic diversification: One of the alternatives that
some sources suggested to tackle agricultural challenges
in local communities was to diversify their economic
activities, for example enhancing internal commerce,
business and tourism. They argued that this would
be a way of counteracting their excessive dependence
on agriculture, and of creating new opportunities for
local people, thus reducing out-migration. Improve
collaboration and unity within and between local
communities: As commented above, one of the problems
that some sources singled out in local communities was
the increasing loosening and erosion of social unity and
cohesion between their members, and regarding the
communal system of peasant communities. Some even
considered this as a major threat for the future survival of
their communities, and pointed to the need for improving
the internal collaboration and unity among members as
a way of bettering their socio-economic situation and
social cohesion. For agropastoral farming systems, this
improvement in internal collaboration would include
better coordination between herding and agriculture,
and between community sectors for irrigation and the
distribution of resources.
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Water Availability and Climate Change:
Implications for Farming Communities

Water availability from precipitation and irrigation
was compared to the crop water requirement in four
catchments in the Ancash region to determine whether
there was a water surplus or deficit for farming (Figure
1). As such, this hydrological aspect of the overall
study aimed to compliment larger scale assessments of
water availability and demand in the whole Rio Santa
catchment (e.g., Aste Cannock, 2018). This is through a
nuanced consideration of the impact of present-day and
future water availability on the communities living on the
mountain slopes above the larger urban centres and more
intensive farms of the Rio Santa valley floor.

Of the four study catchments, the Rio Llullin and
Rio Ancash are in the Cordillera Blanca (CB) and the Rio
Uchupacancha and Rio Huarac Pampa (Chaclancayo) are
in the Cordillera Negra (CN) (see https://arcg.is/OrLeXm
[English version]; https://arcg.is/19yWum [Spanish
version]) (Figures 4 and 5). All four catchments are
relatively small (< 150 km?) and at elevations above 1400 m

a.s.l. In the Rio Ancash and Rio Llullan, multiple crops are
grown all year using the wet season precipitation, which
is some 97% of the total, and using inundation and some
sprinkler irrigation in the dry season. Air temperature
is strongly dependent on altitude, yet relatively constant
through the year, which means that the glaciers melt all
year producing irrigation water. Melt water, collected in
Laguna Llanganuco in the Rio Ancash and Laguna Parén
in the Rio Llulldn, supplies the irrigation networks. In the
CB, field inundation irrigation takes advantage of gravity
and water is fed into ever smaller canals, which are
eventually hand-dug to irrigate individual fields. There
is some use of groundwater springs, seeps and wetlands
but this is very localised (Figure 3C). A large, and as yet
unquantified, proportion of the irrigation water flows
beyond the lower reaches of the Ancash and Llullin
catchments to irrigate farmland adjacent to the Rio Santa.

No glaciers exist in the CN study area and water
for irrigation is abstracted from streams and wetlands
(bofedales). The water is stored in reservoirs behind dams
in various states of repair at higher elevations and large
tanks or reservoirs in the lower valley reaches (Figure
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Figure 4. Details of the topography, drainage and extent of cultivated areas for the Cordillera Blanca study catchments with the
outlets at -77.804, -9.035 decimal degrees for the Rio Llullan and -77.745, -9.128 decimal degrees for the Rio Ancash.
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Figure 5. Details of the topography, drainage and extent of cultivated areas for the Cordillera Negra study catchments with the
outlets at -78.058, -9.101 decimal degrees for the Rio Uchupacancha and -78.030, -9.116 decimal degrees for the Rio Huarac Pampa..

3D). In the CB, irrigation coupled with the constant
air temperature allows a greater crop variety and
productivity and continual growing all year. For this
reason, agriculture is more productive and profitable
to local CB farming communities, and the communities
are comparatively better off than in other areas, such as
the CN, where water is scarce. In the CB, the farmers
irrigate once every eight days during the dry season.
Irrigation channels are used to flood a field before
(at least once) and soon after (a few times) planting.
Irrigation is managed by committee for different canals.
These committees include officers elected democratically
on a temporary and rotational basis by local comuneros
(community members), mostly male heads of families, as
part of their communal duties. Therefore, all comuneros
participate at different stages of their lives in local (and
communal) irrigation management.

The available water for crops was quantified through
initial field measurements of river and irrigation canal

discharge and existing precipitation data (Figure 3E).
The crop water requirements were estimated using the
Food and Agriculture Organisation CROPWAT (version
8) model which is freely available computer software
which uses soil, climate and crop data as inputs (Smith,
1992). Water use, effective rainfall and the irrigation
requirement, all expressed in millimetres over the
growing season, were estimated for each crop grown in
the CB and CN. The variation in crop water requirement
with altitude was small so the results for the mean
altitude were taken for each crop type, and the crop water
requirement was multiplied by the crop area to estimate
the total water volume requirement in each catchment.
The crop area was estimated from satellite imagery
and vegetation mapping. Our community workshop in
Huaraz (see https://arcg.is/OrLeXm [English version];
https://arcg.is/19yWum [Spanish version]), and pre-
existing mapping of the irrigation canal system in the
Rio Ancash, allowed the extent of the irrigation canal
system to be understood and mapped in part, along with
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an understanding of the community use of water and
irrigation scheduling. The climate change impact on
crop water demand and water supply during the 2030s
was considered in further CROPWAT simulations by
increasing all the air temperatures by 4 °C and assuming
a 15% increase in precipitation for the CB and a 15%
decrease in precipitation for the CN catchments in line
with recent climate change projections for the Ancash
region (Obregén et al., 2009).

Overall, our findings suggest that crops are not
grown at their potential yield in either high valleys of
the CB or CN. In the CB, this is because much of the
irrigation water bypasses the high valleys during the
dry season and flows downstream to the larger growers
on the floor of the Rio Santa. In the CN, the yields are
low because precipitation is low. Our initial assessment
suggests that climate change will make things worse in
both the CN and CB. In the CB, an increase in effective
rainfall is projected but this does not offset the larger
increase in crop water requirements due to higher air
temperatures, so irrigation requirements will become
higher. In the CN, lower projected precipitation will
further reduce the water available for growing. Future
research will further detail the mapping of the irrigation
system and crops grown to allow refinement of the
catchment water balances. At present, regional estimates
of crop cultivation areas are assumed representative of
the local crop cultivation in the study catchments.

Lessons from the Past: Rural Development
Responses to Climate Change

As has been shown throughout this article, climate
change has affected Andean communities during several
key periods over the past 1500 years. It has also been
demonstrated that these communities attempted to adapt
to these changes — in particular those relating to prolonged
droughts such as the period after AD ~900. Given this,
it is worth examining which of these adaptations were
successful and which were less so and to see whether
certain strategies could be replicated or at least partially
so today. The evidence shows that huge efforts were made
to improve water related infrastructure such as reservoirs,
dams, canals and amunas (see below) and to building
agricultural terraces on a massive scale throughout much
of the highlands and coastal areas by different pre-Hispanic
civilizations. A number of NGOs and also governmental
organisations working in Peru have been implementing
projects to rehabilitate some of this ancient agricultural
and hydrological infrastructure, often with very positive
results (Junta de Desarrollo Distrital de Pamparomads,
2000; Herrera Wassilowsky, 2012; Herrera, 2017). Some
of the best examples include the following.

Asociacion Bartolomé Aripaylla (ABA): Located
in the community of Quispillaccta in the district of
Chuschi in Ayacucho, this organisation is run by a local
family and has been very successful in adopting the pre-
Hispanic practices of capturing water during the wet
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season in a series of large and small lakes and reservoirs,
some of which have been rehabilitated and some of which
have been newly constructed. This water is stored until
required for irrigation. Desco Sur: This NGO spent many
years working in the Colca Canyon in Arequipa, carrying
out many different activities including the rehabilitation
of 858 hectares of agricultural terraces benefiting nearly
1400 families. Condesan: This organisation, with offices
both in Peru and Ecuador, is dedicated to the sustainable
management of resources and is particularly interested in
promoting nature-based strategies. One of their major
projects has been the rehabilitation of amunas in the
community of Huamantanga (Lima region). Here, pre-
Hispanic populations constructed a series of canals to take
rainwater to areas where the geology allowed the water
to flow underground into subterranean deposits. These
then filter-down and feed springs located lower down the
valley (Duputis, 2021). Agro Rural: This governmental
organisation ran a pilot project to rehabilitate 150
hectares of andenes between 2011 and 2014 in Matucana
in the Lima region, thus benefitting 240 families.

A major part of rehabilitation programs in the
Andes has entailed the restoration of terraces or andenes
(e.g., Llerena, Inbar and Benavides, 2004; Posthumus
and de Graaf, 2005; Posthumus and Stroosnijder, 2010;
Willems et al., 2021). In this regard, perhaps the best
example is the work carried out by The Cusichaca
Trust from 1977 onwards. The Cusichaca Trust (CT)
(a UK based charity) was founded by Dr Ann Kendall
initially to carry out archaeological excavations around
the community of Chamana at the base of the Cusichaca
Valley within the Vilcanota Valley in the Cusco region
(Kendall, 2005; Kendall and Rodriguez, 2009). One
of the first studies undertaken at Chamana was of the
pre-Hispanic agricultural systems located nearby. It was
observed that the productive area during Inca times had
been greater than at present. One of the main reasons for
this was the extensive use of areas of agricultural terraces,
which are found throughout the sacred valley. Partly
as a result of these studies, both CT and its Peruvian
partner Asociacién Andina Cusichaca (AAC) began
to implement a series of rural development projects in
Chamana and subsequently in the Patacancha Valley,
Ollantaytambo, Cuzco and in the Chicha Soras and
Sondondo valleys in the Apurimac and Ayacucho regions
(Kendall, Aguirre-Morales and Aramburi, 2006; Kendall
and Chepstow-Lusty, 2006).

One of the key goals was the recovery of prehispanic
agricultural systems in each valley using primarily the
original methods and materials (Kendall, 2004). CT and
AAC combined to:

+ Rehabilitate 490 hectares of andenes and to put these
back into production.

+ Rehabilitate 24 km of canals using prehispanic
technologies.

+ Restore six ancient stone and clay-lined reservoirs.

+ Restore one complete amuna in the district of

Pampachiri, including the protection of the springs
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and improvements to the pre-irrigation storage lake.
+ Increase the capacity of over 10 lakes and reservoirs.
+ Carry out full inventories of the agricultural terraces
in the Chicha Soras and Sondondo valleys and of
seven districts within the Nor Yauyos Cochas reserve.

All of this work was supported by archaeological
excavations on the agricultural terraces, canals and
reservoirs. Additionally, studies of past climate and
environmental change were undertaken through the
analysis of sediments and sub-fossil biological remains
within wetlands (lakes and peat bogs) in both the
Patacancha and Chicha Soras valleys (e.g., Chepstow-
Lusty et al., 2003; Kemp et al., 2006; Branch et al., 2007).
These studies provided key information on former
land-use histories, and the environmental and human
response to climate change, which complemented the
archaeological and rural development work. Some of
the key benefits of the work carried out by CT and AAC
included:

+ The use of locally available materials has meant that
the communities are less reliant on outside help in
order to maintain the infrastructure.

+ Production on rehabilitated terraces is between
30% and 80% higher than on sloping fields at the
same altitude.

+ Approximately 20% of the water is required to
irrigate terraced fields compared with sloping
field systems.

+ Soil erosion has been reduced massively.

+ Improved lakes, the protection of springs and
the recovery of amunas has meant that lakes have
not dried up and that new springs have appeared
within the valleys.

This work continues in the study area presented here
with a project to rehabilitate a pre-Hispanic water dam,
Ricococha Alta, located in the Rico tributary of the upper
Chaclancayo Basin at 4450 m a.s.l. (Figure 3F). Working
together with AAC, the Pamparomds authorities led by
the Mayor Guillermo Palmadera and NGO’s ECLOSIO
and Junta de Desarrollo de Pamparomds, this new
project aims to restore to working order a dam using
a combination of modern technology and ancestral
indigenous knowhow. This pilot project aims to address
local water security issues through the re-use of existing
abandoned but recoverable pre-Hispanic installed
hydraulic structural capacity (Lane, 2019).

Clearly notall attempts to restore ancient agricultural
systems will bring positive results, but there are some
key approaches that may meet the challenges of climate
change in the Ancash region, creating long-term benefits.
These include:

+ Identifying communities that retain at least partially
the traditional social systems based upon a shared
work ethic and where ideally the population still has
a high percentage of young farmers present.

+ Working in an area for a long continuous period
and employing staff who are happy to live in the

communities and who speak the local language.

+ Listening to the local families and not imposing
ideas upon them.

+ Offering a very thorough training program before,
during and after any intervention.

+ Include follow up activities such as crop management
and market training once the infrastructure has
been rehabilitated.

Concluding Comments

The preliminary findings from the pilot research
project ‘Adaptive Capacity of Farming Communities to
Climate Change in the Peruvian Andes (ACCESS) have
shown that there is considerable concern expressed by
local communities in the Cordillera Blanca and Cordillera
Negra (Ancash region) about the impact of climate change.
These concerns include water shortages, increasing
temperatures and glacier retreat, soil degradation, and
greater problems with crop pests. These concerns appear
to be exacerbated by a shortage of agricultural land, conflict
between communities and a lack of state intervention.
Drawing upon their knowledge, expertise and experience
of working and living in these cordilleras, these
communities have a great appreciation of the adaptive
strategies required for a sustainable future, especially
improved water management, economic diversification,
greater community collaboration and state investment.
Indeed, there is a clear willingness to embrace new ideas
and to work in partnership with NGOs and universities,
which is exemplified by the project to rehabilitate the
pre-Hispanic water dam at Ricococha Alta in the CN.
This piece of research-led rural development is being
coordinated by several members of the ACCESS project
team and draws upon previous archaeological surveys
and the preliminary findings of both the ethnographic
data and hydrological modelling. It demonstrates the
considerable potential of restoring and utilising ancient
water management infrastructure as part of an adaptive
strategy to deal with the impact of climate change and
reduced water availability. The hydrological modelling has
also reinforced wider concerns about rising temperatures
and increased variability in precipitation patterns,
and the need to improve water management in both
cordilleras to maintain effective levels of irrigation. This
will help to reduce vulnerability (social, economic and
environmental) and hopefully ensure a more sustainable
future for farming and economic development. Our
review of past climate change has demonstrated that
variability of the South American Summer Monsoon
(SASM) and the Intertropical Conversion Zone (ITCZ), as
well as the El Nifio Southern Oscillation (ENSO), has led
to periods of significantly higher or lower precipitation in
the past. The response of human communities in Ancash
remains to be fully understood because of temporal
uncertainties within archaeological data. Nevertheless,
the abundance of well-preserved agricultural and water
management infrastructure for specific cultural periods
clearly indicates that human communities put a high
demand on available water resources but also recognised
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the need for water conservation. The preliminary
findings presented here have provided the basis for
ongoing research in the CB and CN, as well as the regions
of Ayacucho and Apurimac, which we hope will continue
to improve our understanding of the adaptive capacity of
farming communities to climate change in the Peruvian
Andes: past, present and future.
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