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Abstract  The northern highlands of Ethiopia and 
Eritrea (NHE) hosted the earliest agricultural and 
urban societies in sub-Saharan Africa: the Pre-Aksu-
mite and Aksumite cultures. However, the role of 
environmental shifts in the transition from hunting-
gathering to agriculture and state formation remains 
unclear. This study reviews 95 peer-reviewed arti-
cles on paleoenvironmental data from the NHE and 
adjacent regions (6000–1000 BP), integrating recent 
archaeobotanical and archaeological findings. We 
draw three main conclusions: (1) Paleoenvironmen-
tal conditions during this transition were highly vari-
able, with differing tempos and magnitudes of change 
across the region. (2) The emergence of early agri-
culture and Pre-Aksumite societies in the NHE was 

not directly driven by environmental changes around 
3500 BP. Instead, social dynamics and interactions 
among local human groups provided a more plausible 
explanation. (3) The NHE highlands experienced a 
shift towards higher humidity during early Aksumite 
period, specifically between 2500 and 2000 BP and 
1500 and 1000 BP. This climatic shift likely enhanced 
agricultural productivity, facilitating food surpluses 
that underpinned the expansion of the Aksumite 
Kingdom. These results suggest that while early agri-
culture was culturally driven, later state development 
was more closely tied to environmental factors. To 
understand the interplay between environmental and 
socio-cultural factors in the NHE, we recommended 
interdisciplinary approach integrating, paleoenvi-
ronmental, archaeological, and archaeobotanical and 
genetic studies. This will enhance data resolution, 
mitigate geographical biases, and refine our under-
standing of complex societies in the Horn of Africa.

Résumé  Les hautes terres du nord de l’Éthiopie et 
de l’Érythrée (NHE) ont abrité les premières socié-
tés agricoles et urbaines d’Afrique subsaharienne: les 
cultures pré-aksoumites et aksoumites. Cependant, le 
rôle des changements environnementaux reste flou 
dans la transition d’un mode de vie fondé sur la chas-
se et la cueillette à un mode de vie agricole qui voie 
aussi la formation de lÉtat. Cette étude passe en re-
vue 95 articles dans des revues à comité de lectures 
portant sur les données paléoenvironnementales des 
NHE et des régions adjacentes (6000 à 1000 BP), in-

Time Period – Holocene Period.

Region discusses—Horn of Africa (Ethiopia, Eritrea, 
Djibouti, Somalia, South Sudan, Sudan), Egypt, and 
Yemen.
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tégrant les récentes découvertes archéobotaniques et 
archéologiques.
Nous tirons trois conclusions principales: (1) Les 
conditions environnementales au cours de cette tran-
sition étaient très variables, avec des rythmes et des 
ampleurs de changement différents dans la région. 
(2) L’émergence des premières sociétés agricoles et 
pré-aksoumites dans le NHE n’a pas été directement 
motivée par des changements environnementaux 
autour de 3500 BP. Au lieu de cela, la dynamique 
sociale et les interactions entre les groupes humains 
locaux ont fourni une explication plus plausible. (3) 
Les hautes terres du NHE ont connu une évolution 
vers une humidité plus élevée au début de la période 
aksoumite, en particulier entre 2500 et 2000 BP et 
1500 à 1000 BP. Ce changement climatique a proba-
blement amélioré la productivité agricole, facilitant 
les excédents alimentaires qui ont soutenu l’expansion 
du royaume aksoumite. Ces résultats suggèrent que 
si l’agriculture primitive était motivée par la culture, 
le développement ultérieur de l’État était plus étroite-
ment lié aux facteurs environnementaux.
Pour comprendre l’interaction entre les facteurs envi-
ronnementaux et socioculturels dans le NHE, nous 
recommandons une approche interdisciplinaire inté-
grant des études paléoenvironnementales, archéolo-
giques, archéobotaniques et génétiques. Cela amélio-
rera le niveau de résolution des données, atténuera les 
biais géographiques et affinera notre compréhension 
des sociétés complexes de la Corne de l’Afrique.

Keywords  Paleoenvironment · Northern highlands 
of Ethiopia · Aksumite · Horn of Africa · Origins of 
agriculture

Mots clés  Paléoenvironnement · Hautes Terres du 
Nord de l’Ethiopie · Aksumite · Corne de l’Afrique · 
Origines de l’agriculture

Introduction

The northern highlands of Ethiopia and Eritrea 
(NHE) have witnessed a succession of different poli-
ties throughout pre- and proto-history, making them 
a crucial region for understanding the development 
of complex societies in the Horn of Africa. The Pre-
Aksumite and Aksumite civilizations were among the 

earliest urban societies in Africa outside Egypt (Fat-
tovich, 1990; Phillipson, 2000). The initial phase of 
the Pre-Aksumite civilization emerged around 3500 
BP as one of the first documented agricultural and 
sedentary societies in sub-Saharan Africa (D’Andrea 
et  al., 2023). The subsequent Aksumite civilization 
flourished around 2,100 BP (Anfray, 1973; Bard 
et al., 2000; Fattovich, 1990; Munro-Hay, 1991; Phil-
lipson, 1998, 2000).

In the NHE, agriculture integrated indigenous 
crops (i.e., crops that are native to and domesticated 
within Ethiopia) with Southwest Asia (SWA) and 
African domesticates (i.e., crops domesticated in 
Africa but outside Ethiopia) (Bard et al., 2000; Har-
lan, 1982, 1992). Consequently, the area has long 
been recognized as a significant hub of agricultural 
innovation and plant domestication (Vavilov, 1926, 
1951), although little is known about the domestica-
tion process of local crops and the high genetic diver-
sity of those domesticated elsewhere (a phenomenon 
already noted by Nikolai Vavilov (1996) in the early 
twentieth century).

Over just a millennium, the NHE transitioned from 
hunting-gathering and pastoralism to a fully devel-
oped agricultural system capable of sustaining a large 
kingdom. Hence, the use and exploitation of wild 
plants continue (Meresa et  al., 2024). However, it is 
unclear why agriculture emerged so late in the region, 
despite its existence in neighboring areas, and how it 
was so rapidly adopted once it appeared.

The development of an agriculture-based economy 
relies on water resources, fertile soils, and agricultural 
techniques that enable the production of food surplus 
(Bard et al., 2000; Butzer, 1981; Munro-Hay, 1991). 
In turn, water availability for agriculture is contingent 
upon the climate and environmental characteristics of 
a region, and this availability is greater in the NHE 
than in the surrounding lowland regions, where pas-
toralism was dominant and agriculture was limited 
(Bard et  al., 2000; Butzer, 1981). Recent research, 
however, challenges this view. For instance, Biagetti 
et  al. (2022) demonstrate that agricultural systems 
can thrive in drylands without reliance on irrigation 
or proximity to major water sources. Their findings 
highlight the potential of alternative cultivation strat-
egies in arid environments.

Paleoclimatic studies of the NHE provide addi-
tional context, suggesting a dry Early Pre-Aksumite 
period, followed by increased rainfall during the rise 
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of the Aksumite civilization, which may have facili-
tated its development (Berakhi et  al., 1998; Butzer, 
1981; Marshall et al., 2009). However, other perspec-
tives propose persistent aridity with only intermittent 
wetter intervals until approximately 1300 BP (Ter-
williger et  al., 2011). These differing interpretations 
underscore the complexity of climatic influences on 
agricultural and societal development in the region.

Establishing causal relationships between cultural 
and climatic changes is hindered by the limited avail-
ability of archaeological data in this region (Bard 
et  al., 2000). Comparative analyses of past environ-
mental changes in the NHE and neighboring regions 
are crucial for understanding the emergence of agri-
culture and the development of complex societies. 
Thus, this study reviews paleoenvironmental evi-
dence and correlates it with archaeobotanical, archae-
ological, and genetic studies to address a key ques-
tion: Is agricultural development and urbanization in 
the NHE explained by climate change or cultural and 
social factors?

Current Hypothesis on the Emergence 
of Agriculture in the NHE

Understanding the development of agriculture and 
complex societies in this region requires examining 
the antecedent cultures of surrounding regions. To 
explain the emergence of farming practices in the 
NHE, three primary hypotheses have been proposed 
(sections “North-West of NHE” to “Locally”; Fig. 1). 
These hypotheses are evaluated within the context 
of paleoenvironmental data spanning ~ 6000–1000 
BP, with a focus on assessing how environmental 
changes may have influenced or shaped each pro-
posed pathway.

North‑West of NHE

Among the cultures north-west of the NHE were 
nomadic people from the Nile Valley of Sudan, near 
the present-day Ethio-Sudanese border, named after 
their pottery style, the ACT. They have occupied 
most of the plains in eastern Sudan since 7000 BP 
(Fattovich, 1991, 1993; Fattovich et al., 1984; Figs. 1 
and 2). The ACT was divided into different phases, 
among which the Butana (from 6000 BP) and the 
Gash (5000–3500 BP) were the two most important 

groups in the present study (Fattovich, 2010; Gau-
tier & Van Neer, 2006). The Butana Group ceramics 
were linked to the introduction of domesticated sor-
ghum (Beldados, 2015, 2019; Fattovich, 2010). Addi-
tionally, similarities between the pottery of the Gash 
group and that of the Danei Kawlos site in northern 
Ethiopia (3691–3490 BP) present evidence of contact 
(Negash & Marshall, 2021) and Mezber (D’Andrea 
et  al., 2023). Another key culture situated in the 
lower Nubia (present-day Sudan) is the C-Group cul-
ture (~ 4400–3500 BP; Bianchi, 2004). According to 
Clark’s (1962, 1967) model, the C-Group people may 
have introduced pastoralism (cattle and ovicaprids) 
into the NHE approximately 4000 years ago, migrat-
ing due to the desertification of the Sahara and Sahel 
(and consequent famine) at the end of the African 
Humid Period (AHP). During times of economic 
pressure, lowland pastoralists may have viewed agri-
culture in the highlands as a reliable safety net due 
to a more stable environment and lower population 
levels. The presence of faunal remains in Ethiopia, 
including cattle, sheep, and goats, can be traced back 
to approximately 3500–4100 BP. Domesticated ani-
mal remains were discovered at various archaeologi-
cal sites, such as Lake Besaka (Brandt, 1982), Danei 
Kawlos (Negash & Marshall, 2021), Gobedra ~ 3000 
BP (Phillipson, 1977), Mezber ~ 3500 BP (Woldeki-
ros & D’Andrea, 2022), Kurub-07 ~ 3900–3600 BP 
(Khalidi et al., 2020), Laga Oda ~ 3500 BP (Clark & 
Prince, 1978), and Yabello, dated to approximately 
4100 BP, and have been a subject of debate, as the 
reliability of the sample dating has been questioned 
by many researchers (Girma, 2001).

If the ACT people introduced cattle and ovicaprids 
into the NHE, they might have also introduced other 
African domesticated crops (i.e., sorghum and/or 
cowpea). Determining the origin of crops that arrived 
from west Ethiopia to the NHE is complicated by the 
uncertainty surrounding their domestication sites. 
The race bicolor of sorghum is considered to have 
been domesticated near the Atbara and Gash riv-
ers (Eastern Sudan) by people of the Butana group, 
around 6000 BP, and subsequently introduced into 
South Asia around 4000 BP and to West Africa after 
3000 BP (Fuller & Stevens, 2018; Winchell et  al., 
2018). However, some genetic studies have sug-
gested the independent domestication of the guinea 
race in the tropical region of western Africa (Morris 
et  al., 2013). On the other hand, the Niger Basin is 
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considered the likely center of cowpea domestication 
at approximately 4000 BP (D’Andrea et  al., 2007; 
Herniter et al., 2020). However, the exact location of 
cowpea domestication remains uncertain, with both 
West and East Africa proposed as possible centers 
(Herniter et al., 2020; Huynh et al., 2013). The pres-
ence of African-origin crops such as cowpeas in the 
Indian subcontinent around 4000  years ago might 
suggest the possibility that these crops were poten-
tially transported across the Red Sea to the Arabian 
Peninsula (Beldados, 2015, 2019; Herniter et  al., 
2020; Winchell et al., 2018).

A recent study carried out at the Mezber site in 
Tigrai suggested that early agro-pastoralist societies 
resided in the highlands during the Initial Phase (3500 

BP; D’Andrea et al., 2023). Paleobotanical studies have 
revealed the presence of SWA crops. Barley was pre-
sent in the earliest Initial Phase deposits at 3100 BP, 
with a caryopsis directly dated to the Initial Phase, at 
2780 BP (the earliest direct date for barley in the Horn 
of Africa), and lentil to 2810 BP (Beldados et  al., 
2023; D’Andrea et al., 2023; Ruiz-Giralt et al., 2023). 
The consumption of sorghum as well as locally domes-
ticated plants, including t’ef, noog, and finger millet, 
was identified from the micro-botanical analysis, which 
dates to approximately 3100 BP (Beldados et al., 2023; 
D’Andrea et al. 2023; Ruiz-Giralt et al., 2023).

Thus, African domesticates were already present 
in the early agricultural systems of the NHE. How-
ever, the question remains: Why did it take so long 

Fig. 1   Archaeological cultures around the NHE at the 4th 
and 3rd millennia BP and hypotheses for the origins of crops 
there: the blue stain represents the approximated area occupied 
by the people producing the Atbai Ceramic Tradition (ACT); 
the red stain represents the approximated area occupied by the 
kingdom of Kerma (K); the orange stain represents the approx-
imated area occupied by the Sabeans (S); the red arrow rep-

resents an introduction of SWA crops from the North and the 
blue-dashed represent the introduction of African domesticated 
crops through the ACT(section “North-West of NHE”); the 
red-dashed arrow represents an East provenance of SWA crops 
(section “East of NHE”); the black circle represents the local 
domestication of crops (section “Locally”). Figure built using 
the Natural Earth (2023)
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for these crops to be cultivated in the NHE when they 
were known in the surrounding lowlands? Did local 
hunter-gatherers resist the adoption of farming? Did 
the crops require a long period of adaptation? Was the 
climate in the NHE unsuitable for cultivation of these 
crops? Alternatively, is it simply a case of insufficient 
archaeological exploration, with evidence of early 
agriculture yet to be uncovered? Alternatively, could 
it be an issue of preservation?

Northern from the previously mentioned groups, in 
present-day Sudan (i.e., Upper Nubia), there was the 
Kerma kingdom. They were the earliest sub-Saharan 
African polity, between 4500 and 3500 BP (Figs.  1 
and 2; Edwards, 2004; Hafsaas, 2006). There were 
interactions with Egypt and the presence of taurine 
cattle skulls in cemeteries indicates that this king-
dom had a subsistence economy based on pastoralism 
(Edwards, 2004; Vincentelli, 2006). At the same time, 
Kerma was supported by a fertile hinterland with 
irrigation-based agriculture (Welsby et al., 2002). In 
this scenario, SWA crops (i.e., emmer wheat, barley, 

lentils, fava beans, flax, and chickpeas) along with 
pastoralism could have been introduced in the NHE 
through contact with the people of Kerma or by the 
latter moving into the NHE. Egyptian texts refer to 
the land of Punt, which is thought to partially cor-
respond to the Pre-Aksumite territory, according to 
Hafsaas’s (2006) and Fattovich’s (2018) descriptions 
(Fig. 2). The tempo and reasons for a putative move-
ment of Kerma people into the NHE require explana-
tion. Again, why did it not happen before?

East of NHE

On the other side of the Red Sea, sedentary farming 
communities appeared in present-day Yemen (Fig. 2), 
cultivating SWA crops and probably some African 
domesticates as early as 5358–4205 BP (Edens & 
Wilkinson, 1998; Harrower et al., 2010). At this time, 
trade along and across the Red Sea was already evi-
denced in the archaeological record (Edens & Wilkin-
son, 1998). At about 3800 BP, the precedent of the 

Fig. 2   Study area location: A map with the location and types of records analyzed in the reviewed paleoenvironmental studies; B 
location of sites mentioned in the review. Figure built using the Natural Earth (2023)
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Sabean culture was identified on the fringes of the 
Arabian desert (Edens & Wilkinson, 1998) (Fig.  1). 
The Sabean were an urban society that depended on 
agriculture (terracing receiving rainfall and runoff in 
the highlands and flood irrigation in the lowlands) 
that gained notoriety at 3000 BP with increasing 
trade activity (Edens & Wilkinson, 1998; Ghaleb, 
1990; Harrower et al., 2010; Wilkinson, 1999, 2006). 
The movement of Sabeans to the NHE is suggested 
to have occurred around 3000 BP (Harrower et  al., 
2010; Sergew, 1972). Until recently, there has been a 
debate regarding the introduction of SWA crops and 
farming technologies in the NHE through a Sabean 
migration or cultural diffusion. It was suggested 
that local domesticated crops emerged alongside the 
SWA assemblage to complement the latter. However, 
recent studies conducted by D’Andrea et al. (2023) at 
the Mezber site challenged this argument by pushing 
agricultural practices further back in time to 3500 BP.

Considering that the crop package used in Egypt 
was not significantly different from that found in the 
Arabian Peninsula, both based on SWA cultivars, it is 
difficult to distinguish whether these crops were intro-
duced in the NHE from the north or from the east. The 
exception is the presence of naked wheat (durum and 
bread wheat). It is known that emmer was the only 
wheat species cultivated in Ancient Egypt until the 
Hellenistic period, when naked wheats (durum and 
bread) were introduced (Scott et  al., 2019), whereas 
naked wheats were grown in the Arabian Peninsula at 
least since the Bronze Age (Dabrowski et al., 2024). 
Therefore, the presence of naked wheats prior to 2400 
BP in the NHE could be seen as an indication of an 
eastern route for the introduction of these crops. Thus 
far, naked wheats only appear in the transition from 
the Pre to Aksumite period (Ruiz-Giralt & Belda-
dos, 2024) and from Eritrea, Sembel 2800–2600 BP 
(D’Andrea et al., 2008). The absence of free-threshing 
wheats in the NHE when they were grown in the Ara-
bian Peninsula vows against an East route for the ear-
liest introduction of these crops, although this route 
was certainly predominant in historical periods (p.ex. 
for the introduction of zebu cattle).

The NHE has long been recognized as a center 
of crop diversity, with plenty of genetic studies 
conducted on local heirloom varieties. By compar-
ing genomes of varieties of SWA crops with those 
of varieties from neighboring regions, it should be 
possible to infer their routes of spread. However, 

multi-regional studies are rare, and the dating of 
arrival based on genetic data is seldom possible. For 
barley, most Ethiopian/Eritrean landraces are geneti-
cally closer to those of the Arabian Peninsula than to 
Egyptian/Sudanese ones (Milner et  al., 2019; Poets 
et al., 2015) with a few varieties being closer to North 
African/Near East ones (Pasam et  al., 2014). The 
same scenario is observed for emmer wheat and len-
tils, with most Ethiopian accessions being part of the 
same gene pool of varieties from Yemen, Saudi Ara-
bia, and Oman, although a few clustered with Near 
East and Egyptian landraces (Fadida-Myers et  al., 
2022; Iob & Botigué, 2023; Liber et al., 2021; Pavan 
et al., 2019). This pattern can be explained by differ-
ent introductions in different time periods. The appli-
cation of coalescence or time-of-divergence methods 
to those data may be informative as to which of these 
routes to the NHE was first taken by people bringing 
these crops.

Locally

Ehret (1979 and references therein) suggested that 
local plants (mainly t’ef) were the first to be cultivated 
in the NHE for geographic reasons. This hypothesis 
was based on the idea that local people would already 
have agricultural knowledge, gained by movements 
of communities or commercial interactions, and it is 
linked with the evolution of the Afro-Asiatic languages 
long before the rise of the Pre-Aksumite. In fact, recent 
evidence strengthens the idea that the cultivation of 
African domesticates and SWA crops coexisted with 
local domesticates during the Initial Pre-Aksumite 
Period (Beldados et  al., 2023; D’Andrea et  al., 2023; 
Meresa et al., 2024; Ruiz-Giralt et al., 2023).

Another scenario supporting this hypothesis is the 
one proposed by Finneran (1999). In this model, he 
suggested that the local environment initially dic-
tated primary economic needs, giving rise to well-
adapted hunting and gathering systems. During peri-
ods of climatic shifts, these systems transitioned to 
plant cultivation, likely based on two or three local 
species. Only later were SWA and African domesti-
cated crops integrated. Low human population den-
sity and the reduced environmental extremes experi-
enced in the NHE contributed to the stability of its 
agricultural complex, which ultimately served as the 
foundation for the emergence of complex societies 
(Finneran, 1999).
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However, local domesticates, such as t’ef, only 
became prominent during the Aksumite period (Ruiz-
Giralt & Beldados, 2024). This suggests that the early 
presence of local species may not necessarily indicate 
cultivation but rather the gathering of wild resources 
to complement food produced through agriculture 
in a mixed economic system. Ethnoarchaeological 
investigations by Lyons and D’Andrea (2003), which 
compare the function of ovens and griddles and ana-
lyze the presence of gluten components in bread, 
offer additional insights. Their study examines the 
prevalence of griddle usage in the highland regions of 
Ethiopia and its potential association with indigenous 
African plants. The findings suggest that griddles 
could indirectly signify the presence of these plants 
in archaeological contexts. Consequently, the use of 
griddles likely predates the introduction of Near East-
ern cereals, indicating an early reliance on indigenous 
African species. The choice between ovens and grid-
dles for bread baking appears to have been influenced 
by the functional properties of the ingredients, such 
as the gluten, starch, or pentosans present in cereals. 
Lyons and D’Andrea (2003) concluded that, despite 
the introduction of wheat and barley from South 
Arabia, there was minimal influence on Ethiopian 
food technology and culinary practices. This empha-
sizes the enduring significance of indigenous African 
crops and food preparation techniques in the region’s 
agricultural and cultural history. Similarly, D’Andrea 
and Wadge (2011) conducted an ethnoarchaeological 
investigation into t’ef processing in northern Ethio-
pia. They hypothesized that the domestication of 
t’ef was initiated by early pastoralist societies. These 
groups were engaged in the collection and utilization 
of wild grasses, including the wild progenitor of t’ef. 
This sustained interaction with wild grasses likely 
facilitated the eventual domestication of t’ef as a cul-
tivated crop.

Study Area

We reviewed paleoenvironmental data for the region 
spanning northeastern Africa and the southwestern 
Arabian Peninsula. This region encompasses the terri-
tory once occupied by the Pre-Aksumite and Aksum-
ite kingdoms, covering parts of present-day Ethiopia, 
Eritrea, and Yemen, as well as neighboring regions 
with which these civilizations maintained cultural and 
commercial relations, including the geographically 

proximate areas of modern-day Djibouti, Somalia, 
Egypt, Sudan, and South Sudan (Fig. 2).

According to Köppen–Geiger’s climate classifica-
tion, northeastern Africa and the southwestern Ara-
bian Peninsula currently exhibit temperate, arid, and 
tropical climates (Beck et al., 2018). Arid regions are 
influenced by subtropical anticyclones year-round, 
whereas tropical areas are affected by the migration 
of the Intertropical Convergence Zone (ITCZ), which 
shifts in response to changes in maximum solar heat-
ing (Gasse, 2000). The movement of the ITCZ creates 
a northern belt characterized by monsoonal climates 
with summer rains and winter droughts, delineating a 
humid equatorial zone with two rainfall peaks (Gasse, 
2000).

The spatial and seasonal climatic variability in 
the study area is further influenced by interactions 
between atmospheric and oceanic circulation sys-
tems as well as by the region’s topography and land-
scape features (Gasse, 2000). The highlands experi-
ence cooler temperatures and higher precipitation 
levels than the lowlands because of their elevated 
topography (Fig.  3b) (Hildebrand et  al., 2019). The 
orientation of the highlands, whether facing west or 
east, also affects the climate, as hilly terrains create 
varying climatic conditions. Additionally, permanent 
water bodies, such as East African rift lakes, play a 
role in shaping regional and local climates (Hilde-
brand et al., 2019).

The main focus of the review, the NHE, is located 
in the northern part of the Horn of Africa and 
includes the Tigrai Highlands (Fig.  2B). The eleva-
tion ranges from approximately 500  m above the 
mean sea level (amsl) in the northeast to approxi-
mately 4000 m amsl in the southwest (Machado et al., 
1998). Approximately 53% of the highland area is 
below 1500 m amsl, which corresponds to the agro-
climatic Kolla zone. The Woina Dega zone, another 
agro-climatic region, constitutes 39% of the highlands 
and lies between 1500 and 2300 m amsl. The Dega 
zone, ranging from 2300 to 4000 m amsl, accounts for 
8% of the highlands (Amare, 1996). Lake Ashenge is 
the only lake in the Tigrai highlands (Marshall et al., 
2009). Rainfall patterns generally followed a south-
westerly trajectory, increasing with altitude from east 
to west and decreasing from south to north (Fig. 3b) 
(Finneran, 2007). Two distinct rainy seasons occur in 
this region: the main season, known as Keremt, from 
June to October, and a shorter season, Belg, occurring 
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between February and March. The average tempera-
ture in the area is 18 °C, but varies significantly with 
elevation (Finneran, 2007; Hildebrand et al., 2019).

Environmental Data

This study examines the role of climate change in the 
emergence of agriculture and complex societies in the 
NHE by synthesizing paleoenvironmental data spanning 
6000 to 1000 BP. The research encompasses Ethiopia, 
Eritrea, Djibouti, Somalia, Sudan, South Sudan, Egypt, 
and Yemen. Through a comparative analysis of environ-
mental changes in the NHE and adjacent regions, the 
study aims to elucidate the processes that shaped agricul-
tural development and the rise of complex societies.

To identify relevant academic literature, a sys-
tematic search was conducted using Google Scholar, 
Scopus, and the software “Publish or Perish” (Har-
zing, 2024). The review was limited to published, 

peer-reviewed articles. A Boolean search query was 
designed to target publications related to the research 
area and thematic topics in archaeology, geoarchaeol-
ogy, and paleoenvironmental studies. Key terms such 
as “archaeology,” “Aksumite,” “geoarchaeology,” 
“Holocene,” “palaeoenvironment,” and “palaeocli-
mate” were combined using logical operators (AND, 
OR) to ensure comprehensive retrieval of relevant 
results. Additional keywords, including “sediment,” 
“geochemistry,” “diatom,” “ostracod,” “pollen,” and 
“isotope,” were incorporated to reflect common prox-
ies used in paleoenvironmental research. Specific 
words were enclosed in quotation marks to match 
exact terms, and the search process retrieved results 
across multiple pages. Metadata collected included 
publication titles, authors, and years of publication 
(SM2 for details).

Publications were excluded if they fell outside 
the defined scope of the study, which included the 

Fig. 3   Present-day climate in the study area: a Köppen-Geiger’s climate classification; and b mean annual precipitation (mm). Fig-
ure created using the raster file from Kottek et al. (2006) and Deichmann and Lars (1991)
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following criteria: (1) studies not focused on the 
geographical regions of interest (Ethiopia, Eritrea, 
Djibouti, Somalia, Yemen, Egypt, Sudan, and South 
Sudan); (2) studies addressing time periods outside 
the chronological range of 6000–1000 BP; (3) studies 
lacking relevant paleoenvironmental or climatic data; 
and (4) duplicate publications. The retrieved data 
were systematically organized and stored in a struc-
tured format using spreadsheet software (e.g., Micro-
soft Excel) to facilitate analysis and documentation 
(SM2).

From an initial pool of 132 articles identified, 50 
were deemed relevant and included in the review 
for Ethiopia and Eritrea. For Djibouti, Somalia, and 
Yemen, a total of 66 articles were identified, of which 
13 were ultimately selected for review following 
screening: Djibouti (5), Somalia (1), and Yemen (7). 
For Egypt, Sudan, and South Sudan, a total of 277 
articles were retrieved, with 24 articles on Egypt and 
nine articles on Sudan and South Sudan meeting the 
inclusion criteria. In total, 95 articles were reviewed 
(see SM2 for a detailed breakdown).

Paleoenvironmental Records and Proxies Analyzed

Twenty-three paleoenvironmental studies were con-
ducted in the NHE, specifically on the Tigray Plateau 
(N = 16). Further south within the NHE, seven stud-
ies focused on the Amhara region, covering both the 
eastern margin and western areas of the highlands. 
In the central and southeastern Ethiopian highlands, 
two studies were conducted northwest of the Rift Val-
ley (Mount Dendi), while 14 were located southeast 

of the Rift Valley in the Arsi and Bale Mountains 
(Fig. 2).

The number of studies conducted in the lowlands 
is significantly lower compared to the highlands 
(N = 16, SM1). This discrepancy is largely attributed 
to the fact that most lowland studies focus on earlier 
periods that fall outside the temporal scope of this 
research (6000–1000 BP). Lowland studies are pri-
marily concentrated along the Rift Valley, with only 
one study conducted offshore in Somalia (Fig.  2). 
Unlike the localized continental histories documented 
by the Rift Valley records, the offshore Somali study 
provides insights into the broader northeastern Afri-
can climate. Nevertheless, the reliance on a single 
offshore study limits the ability to draw robust con-
clusions about regional climatic patterns, highlighting 
the need for additional research in this area. Within 
the Rift Valley, studies are clustered in three main 
areas (Fig.  4): the northeast (Afar Basin, including 
Lake Abhé and the Chew Bahir Basin, N = 5), the 
central Rift Valley (Ziway-Shala Basin and Lake Tilo, 
N = 8), and the southwest (N = 2) (SM1).

Neighboring regions show a higher number of 
studies (N = 40). Egypt has the highest number of 
research studies (N = 23), with a significant focus 
on the Nile Delta and Faiyum Depression (SM1, 
Fig. 2). This emphasis on Egypt may reflect its long 
history of archaeological and paleoenvironmen-
tal research, as well as the availability of funding 
and infrastructure. Sudan has (N = 9) studies pri-
marily concentrated in Northern Sudan and North-
western regions (e.g., Nubian Palaeolake Basin, 
Wadi Howar) (SM1, Fig. 2). Yemen has the lowest 

Fig. 4   Types of records (A) and proxies (B) used in the reviewed paleoenvironmental publications (SM1)
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number of studies (N = 6), with research distrib-
uted across highlands, lowlands, and Socotra Island 
(SM1, Fig.  2). The limited number of studies in 
Yemen may be due to political instability, limited 
infrastructure, or a lack of international collabo-
ration. Another factor that may explain this is the 
probable low availability of continuous and undis-
turbed sedimentological records containing fos-
sil organisms sensitive to environmental changes, 
which could hinder a comprehensive understanding 
of the region’s paleoenvironmental history.

Highland research exhibits a balanced use of 
lacustrine (48.7%) and fluvial (33.3%) records, fol-
lowed by various other records (25.6%). Archaeologi-
cal records (18.0%) and peat and zoogenic deposits 
(each at 10.3%) are less commonly used. In the low-
lands, lacustrine records dominate (87.5%). Among 
the remaining records, archaeological ones are the 
most frequently used (18.8%) (Fig. 4A). Neighboring 
regions, similar to the highlands, display a more het-
erogeneous distribution of records used in paleoen-
vironmental studies. In total, 42.5% of studies were 
conducted using lacustrine records, 32.5% with vari-
ous records (including deltaic, palustrine, and aeo-
lian deposits), 25.0% with fluvial records, 10.0% with 
marine records, 7.5% with archaeological records, 
and 5.0% with speleothem records (Fig. 4A).

The proxies used to reconstruct paleoenvironmen-
tal changes in the abovementioned sites were diverse, 
as were the combinations of different proxy typolo-
gies (Fig. 4), providing more complete histories of the 
paleoenvironmental changes (Huntley, 2012 and ref-
erences therein). However, it is important to remem-
ber that, for example, distinct biological proxies are 
sensitive to different ecological factors at a range of 
spatial scales (Birks & Birks, 2006). Additionally, 
organisms also respond at the same time to many 
variables with interacting effects, so their isolation 
for reconstruction can result in inaccurate reconstruc-
tions (Huntley, 2012). Thus, this complicates com-
parisons among studies. Another factor complicating 
the comparisons is the different sampling resolutions 
used among the studies to reply to their distinct ques-
tions (Birks & Birks, 2006). All of this, combined 
with local depositional factors and the complexity of 
the study area atmospheric circulation (Bittner et al., 
2021), will be responsible for the occurrence of asyn-
chronies between climate changes identified in the 
records.

In the highlands, there was a strong emphasis on 
biological research (23%). The majority of these 
studies focused on pollen (an indicator of vegetation 
changes) and diatom or ostracod analysis (indicators 
of hydrological changes).  While these proxies are 
widely used, their reliance on taphonomical processes 
may introduce biases, as certain environments may 
not preserve such material effectively.  Some studies 
also combined these biological proxies with charcoal 
analysis (an indicator of fire dynamics). Biological 
and geochemical studies accounted for 12.8% of the 
research in the highlands. This relatively low percent-
age suggests that integrated approaches combining 
biological and geochemical proxies are underutilized, 
potentially limiting the depth of paleoenvironmental 
reconstructions.

In contrast, the lowlands focused more on geo-
chemical proxies (25%) and combinations of geo-
chemical and sedimentological studies (18%).  This 
emphasis on geochemical proxies (e.g., δ18O, δ13C, 
δ15N, δDwax, total organic carbon, carbonate con-
tent, and total nitrogen) may reflect the availability 
of suitable sedimentary archives in lowland environ-
ments. However, the interpretation of geochemical 
data can be complex and context-dependent, requir-
ing careful consideration of local factors such as 
diagenesis and source variability.  Sedimentological 
proxies (e.g., sediment texture and sorting) were often 
used in conjunction with geochemical analyses, pro-
viding additional insights into depositional processes 
(Friedman, 1979).

In neighboring regions, the most common types of 
proxies analyzed were biological, geochemical, and 
sedimentological (32.5%, Fig. 4). Studies combining 
geomorphological, sedimentological, and biological 
research were also conducted, though less frequently. 
Geochemical proxies included elemental composition 
of sediments and isotopic ratios such as 87Sr/86Sr 
and 143Nd/144Nd, which are indicative of sediment 
sources and transportation mechanisms. Radiocar-
bon dating is the most common methodology used to 
establish timeframes followed by OSL dating (SM1).

Paleoenvironmental Evolution (6000–End of AHP)

In the Ethiopian highlands, a pronounced humid 
phase, i.e., AHP, persisted from approximately 6000 
to 3100 BP (Fig.  5). However, its termination was 
not abrupt or uniform across different parts of the 
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highlands, reflecting the interplay of regional cli-
mate drivers and localized environmental factors 
(Tierney & deMenocal, 2013). For instance, in the 
northern highlands, particularly on the Tigray Pla-
teau, the aridification trend that marked the end of 
the AHP was experienced between approximately 
5160 and 3100 BP (Fig.  5; Berakhi et  al., 1998; 
Brancaccio et al., 1997; Butzer, 1981; Dramis et al., 
2003; Dramis & Fubelli, 2015; Gebru et  al., 2009; 
Machado et  al., 1998; Marshall et  al., 2009). This 
area was among the last regions in the highlands 
to retain the conditions of the AHP. In contrast, in 
the western Amhara region, the end of the AHP 
occurred earlier, between 6000 and 3800 BP (Fig. 5; 
Costa et al., 2014; Marshall et al., 2011), while the 
eastern Amhara region experienced this transition 

between 4500 and 4000 BP (Fig.  5; Loakes et  al., 
2018).

In the central and southeastern highlands, the ter-
mination of the AHP also varied. Around Lake Dendi, 
the AHP ended gradually between 6000 and 3800 BP 
(Fig. 5; Wagner et al., 2018), while in the Arsi Moun-
tains, the transition occurred around 3700 BP (Bon-
nefille & Hamilton, 1986; Hamilton, 1982; Umer & 
Bonnefille, 1998). In the Bale Mountains, the AHP 
ended earlier, between 5000 and 4000 BP, with a 
continuous trend towards drier conditions beginning 
around 6000 BP (Fig.  5; Bittner et  al., 2020, 2021, 
2022; Kuzmicheva et  al., 2013, 2014, 2017, 2018; 
Tiercelin et al., 2008; Umer et al., 2007).

While the Ethiopian highlands exhibited a grad-
ual and regionally variable transition to aridity, 

Fig. 5   Synthesis of the spa-
tial and temporal variations 
of the humid and arid envi-
ronmental phases based on 
the publications presented 
in the SM1
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lake records from the Rift Valley reveal additional 
insights into hydroclimatic shifts. In the northeastern 
Rift Valley, lake levels decreased between 6000 and 
4000 BP, marking the end of the AHP (Fig. 5; Gasse, 
1977; Gasse & Fontes, 1989; Gasse & Street, 1978; 
Mologni et al., 2021). In the central Rift Valley, the 
AHP ended slightly earlier, between 5000 and 4500 
BP (Fig.  5; Benvenuti et  al., 2002; Chalié & Gasse, 
2002; Gillespie et  al., 1983; Lamb et  al., 2002; Tel-
ford & Lamb, 1999), and in the southwestern Rift, it 
ended around 5000 BP (Foerster et al., 2012, 2015). 
These fluctuations in lake levels reflect the significant 
role of localized hydrological processes and tectonic 
activity in shaping the region’s climate and environ-
ment (Fig. 5; Grove et al., 1975; Lamb et al., 2002).

Further afield, in Egypt and Sudan, the end of 
the AHP aligns with a progressive climatic transi-
tion exhibited in the NHE. In Egypt, the AHP ended 
around 3700–3600 BP, as evidenced by variations in 
the Nile River’s flow, which were influenced by con-
ditions in the Ethiopian Highlands (Fig. 5; Baioumy 
et al., 2010; Blanchet et al., 2013; Revel et al., 2015; 
Zaky et al., 2020). Geochemical studies indicate that 
this gradual shift to aridity began around ~ 5000 BP, 
marked by decreasing freshwater input and more 
saline conditions in the Nile Delta (Dominik & Stan-
ley, 1993; Hamdan et  al., 2020a, b; Hassan et  al., 
2012, 2017; Revel et al., 2014), supported by a grad-
ual increase in strontium isotope ratios (87Sr/86Sr) 
around 5500 BP (Flaux et  al., 2013). Lake Faiyum 
also shows evidence of shrinking lake levels, high 
fluctuations, and a transition to brackish conditions 
(Hamdan et al., 2020a, b; Marks et al., 2018, 2022). 
The gradual decline in Nile flow had profound impli-
cations for agriculture and settlement patterns, poten-
tially contributing to sociopolitical changes, such as 
the collapse of Egypt’s Old Kingdom (Cullen et  al., 
2000; Hamdan  et al., 2019, 2020a, b, 2024; Hassan 
et  al., 2017; Marks et  al., 2018, 2022; Revel et  al., 
2014; Stanley et al., 2003).

In Sudan, records linked to the Nile and White 
Nile rivers indicate the AHP lasted from 6000 to 4000 
BP (Fig. 5; Dawelbeit et al., 2019; Florenzano et al., 
2019; Hoelzmann et  al., 2000; Kröpelin  & Soulié-
Märsche, 1991; Macklin et  al., 2013; Marks, 1993; 
Williams & Adamson, 1980; Williams et  al., 2010; 
Woodward et al., 2015a). In northern Sudan, lake lev-
els gradually decreased between ~ 6300 and 4000 BP, 
with a transition to more arid conditions by 4000 BP, 

as evidenced by geochemical analysis (Hoelzmann 
et al., 2001).

In Yemen, the Arabian Humid Period, equivalent 
to the AHP, ended in the eastern highlands around 
4500 BP, as indicated by fluvial, lacustrine, and spe-
leothem records (Fig.  5; Anderson, 2007; Berger 
et  al., 2012; Davies, 2006; Van Rampelbergh et  al., 
2013). Similarly, in Somalia, the AHP ended around 
3800 BP, consistent with broader aridification trends 
in North Africa, as supported by Sr–Nd isotope anal-
ysis from marine cores (Fig.  5; Jung et  al., 2004). 
The earlier end of the AHP in Yemen, compared to 
Ethiopia’s highlands, may be attributed to shifts in 
the ITCZ, which modulated rainfall in these regions 
(Fig. 5; Fleitmann et al., 2007).

Paleoenvironmental Evolution (End of AHP–1000 
BP)

As the AHP came to an end, the Ethiopian highlands 
entered a new climatic phase characterized by pro-
gressively arid conditions. However, the timing, dura-
tion, and severity of this aridification varied across 
different regions, reflecting the complex interplay of 
local topography, hydrology, and atmospheric circu-
lation patterns. In the Tigray Plateau, the arid phase 
was relatively brief, lasting from approximately 3100 
to 2500/2200 BP, coinciding with the end of the Pre-
Aksumite culture and the rise of the Aksumite civi-
lization (Fig.  5; Diblasi, 1997; Dramis et  al.,  2003; 
Gebru et al., 2009; Hardt et al., 2023; Lanckriet et al., 
2015a, b; Machado et  al., 1998). Similarly, in the 
eastern Amhara region, Mount Dendi, and the Bale 
Mountains, this drier phase ended around 2200 BP, 
2000 BP, and 2500–2000 BP, respectively (Fig.  5; 
Bittner et al., 2020; Jaeschke et al., 2020; Kuzmicheva 
et al., 2017; Loakes et al., 2018; Umer & Bonnefille, 
1998; Wagner et  al., 2018). In contrast, the western 
Amhara region and the Arsi Mountains experienced 
a longer and earlier onset of aridity, beginning around 
3800–3700 BP and persisting until approximately 
1000 BP (Fig. 5; Bonnefille & Hamilton, 1986; Bon-
nefille & Mohammed, 1994; Hamilton, 1982; Mar-
shall et al., 2011).

Paleoclimate studies indicate a dry phase during 
the Early Pre-Aksumite period, followed by wetter 
conditions during the rise of the Aksumite civiliza-
tion, possibly linked to monsoonal variability (Butzer, 
1981; Hassan, 1997; Terwilliger et  al., 2013). 
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According to Marshall et al. (2009), this climatic shift 
may have spurred the development of the Aksumite 
Empire. Conversely, Terwilliger et  al. (2011) pro-
posed that increasing aridity, interspersed by wetter 
intervals, was the norm until 1300 BP, with no sig-
nificant long-term climate change discernible.

During the Aksumite period, some parts of the 
Ethiopian highlands experienced localized wet phases, 
likely influenced by regional monsoonal shifts and 
hydrological changes rather than a return to AHP-
scale humidity (Butzer, 1981; Marshall et  al., 2009). 
This wet phase, characterized by strong periodic 
floods, wet slope soils, and high seasonal rainfall, per-
sisted until approximately 1500–1300 BP in the Tig-
ray Plateau, coinciding with the decline of the Aksu-
mite civilization (Butzer, 1981; Dramis et  al.,  2003; 
Gebru et al., 2009; Lanckriet et al., 2015a, b; Machado 
et al., 1998; Terwilliger et al., 2013).

In the eastern Amhara region and southeast-
ern and central highlands (Mount Dendi), this wet 
phase lasted until about 1300–1100 BP and 1000 BP, 
respectively (Fig.  5; Jaeschke et  al., 2020; Loakes 
et  al., 2018; Wagner et  al., 2018). The Bale Moun-
tains experienced a relatively brief wet pulse that con-
cluded around 1500 BP (Bittner et  al., 2020, 2021). 
Following this period, arid conditions re-emerged and 
persisted until approximately 1000 BP across the Tig-
ray Plateau, the eastern Amhara region, and the Bale 
Mountains (Fig. 5; Bittner et al., 2020, 2021).

During this period, human activities significantly 
altered the landscape, as evidenced by paleorecords. 
In the Tigray Plateau, deforestation and agricultural 
expansion around 1600 BP coincided with increased 
erosion (Marshall et al., 2009, 2011). Similarly, in the 
eastern Amhara region, intensified land use around 
2300 BP led to visible soil degradation and changes 
in pollen composition (Darbyshire et  al., 2003). In 
the Wollo area, Coltorti et al. (2009) reported that cli-
matic aridification and human activities became vis-
ible in increased erosion and sediment deposition in 
colluvial/alluvial records between 4000 and 2500 BP. 
Furthermore, pollen records from the Arsi and Bale 
Mountains in the southeastern highlands indicate 
human-altered vegetation between 2000 and 1000 
BP (Fig. 5; Bonnefille & Hamilton, 1986; Hamilton, 
1982; Kuzmicheva et al., 2017, 2018; Mologni et al., 
2022; Umer et al., 2007).

In the northeastern Rift Valley, while the climate 
remained generally arid, minor lake transgressions 

occurred at Lakes Asal and Abhé between 2700 
and 2300 BP and 1500 and 1000 BP (Fig. 5; Gasse, 
1977; Gasse & Fontes, 1989; Gasse & Street, 1978; 
Mologni et  al., 2021; Street & Grove, 1976, 1979). 
These transgressions likely resulted from surface 
runoff originating on the Ethiopian Plateau via the 
Awash River and/or groundwater interconnections 
between the lakes’ basins (Fig. 5; Gasse, 1977; Gasse 
& Fontes, 1989; Gasse & Street, 1978; Mologni et al., 
2021; Street & Grove, 1976, 1979).

In the central Rift Valley, records indicate a wet 
phase that contrasts with the broader climatic trends 
in the highlands and lowlands following the AHP. 
These wet phases, occurring between 4200 and 
2500 BP and 2800 and 2000 BP, were likely influ-
enced by a combination of climate, volcanic activity, 
and geothermal groundwater inflows into the lakes 
(Fig. 5; Benvenuti et al., 2002; Chalié & Gasse, 2002; 
Gillespie et  al., 1983; Lamb et  al., 2002; Telford & 
Lamb, 1999). Similarly, in the southwestern Rift Val-
ley, a wet phase persisted between 2000 and 1300 BP, 
aligning with both the Aksumite period and a corre-
sponding wet phase in the highlands (Fig. 5; Foerster 
et al., 2012, 2015).

After 4200 BP, the Nile River system underwent 
significant hydrological shifts, marked by declin-
ing flood levels, prolonged droughts, and reduced 
sediment deposition. These changes resulted in wide-
spread land degradation, including floodplain shrink-
age and declining soil fertility, which contributed to 
agricultural instability (Hamdan et  al., 2019, 2020a, 
2024; Hassan et al., 2012). This aligns with periodic 
aridity episodes identified at ~ 5000, 4200, 3200, and 
2300 BP in the Sebennitic Distributary and Burul-
lus Lagoon, leading to decreased Nile flow and 
reduced human activity. These events correlate with 
major paleoclimatic shifts recorded in the Nile Delta, 
Levantine Basin, and Faiyum Depression (Stanley 
et al., 2021). Furthermore, Lake Fayum (Lake Qarun) 
decline, bioturbation, pot sherds, and broken mollusk 
shells dominate the deposits, evidencing increased 
human activity and sediment reworking. From 2400 
BP onward, the lake shows a drastic reduction in size 
(Hamdan et al., 2020a, 2024; Hassan et al., 2012).

In Sudan, episodic wet pulses occurred between 
3200 - 2800 BP and 1900 - 1000 BP, reflecting tem-
porary shifts in regional hydroclimate (Fig. 5; Maw-
son & Williams, 1984; Williams & Adamson, 1980; 
Williams et al., 2010). In the southeastern lowlands, 
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the end of the AHP was recorded at 4100 BP, with 
the central lowlands remaining desert or semi-desert 
throughout the period (Fig.  5; Hoelzmann et  al., 
2001; Lézine et  al., 2010; Parker et  al., 2006). In 
the Kordofan region of central Sudan, between 3300 
and 1100 BP, massive wind erosion (deflation sur-
faces) removed sediments, resulting in a hiatus in 
the sedimentary record. However, pollen data indi-
cate extreme aridity, characterized by desert-like 
vegetation (Dawelbeit et al., 2019). Holocene fluvial 
sedimentary records in the Nile catchment also sup-
port this aridity period, during which tributary wadis 
became strongly ephemeral, and windblown dust 
became a major factor in sedimentation (Macklin 
et al., 2013; Woodward et al., 2015a, 2015b).

Contrary to these regional trends, Socotra Island 
records indicate a long-term increase in precipitation 
from approximately 4400 BP, illustrating localized 
deviations from the broader aridification observed 
elsewhere (Fig. 5; Fleitmann et al., 2007). The period 
between 2500 and 1000 BP shows high δ1⁸O val-
ues, suggesting drier conditions followed by a wetter 
phase (Van Rampelbergh et al., 2013).

Factors Behind Environmental Variability

The variability in the timing and nature of the envi-
ronmental changes across the study area can be 
attributed to differences in the types of records, 
proxies used, their inherent sensitivities, and local-
ized environmental conditions. Each proxy offers a 
unique lens for past environmental conditions, but 
the interpretation of their records often depends on 
their resolution, spatial coverage, and the interplay 
of natural and anthropogenic factors. Isotopic, sedi-
mentological, and palynological records each not 
only provide distinct insights into the environmental 
conditions but also carry inherent biases that shape 
interpretations. For example, in opposition to other 
studies in the Tigray Plateau, the δ1⁸O data from 
Lake Ashenge (~ 5600 BP) reveal abrupt aridification 
linked to monsoon weakening, yet such signals may 
conflate regional precipitation shifts with localized 
hydrological processes, such as groundwater inputs 
or evaporation dynamics (Marshall et  al., 2009). 
In contrast, Lake Tana’s gradual sediment decline 
(~ 6800–4200 BP) reflects the buffering capacity of 
its large catchment, illustrating how sedimentological 
proxies integrate long-term trends but often obscure 

rapid climatic events (Costa et  al., 2014; Marshall 
et al., 2011). Similarly, pollen records from the Bale 
Mountains highlight microclimatic refugia where 
elevated terrain retained moisture until ~ 4000 BP, 
though preservation biases likely underrepresent arid-
adapted species, complicating ecological reconstruc-
tions (Bonnefille & Hamilton, 1986).

Human activities further complicate proxy inter-
pretations. In the Tigray Plateau, deforestation and 
agricultural expansion (~ 1600 BP) amplified erosion 
signals, blurring the line between climatic and anthro-
pogenic drivers in colluvial records (Marshall et  al., 
2009, 2011). Likewise, Sr–Nd isotopes in Nile Delta 
sediments trace declining Ethiopian Highland rainfall 
(~ 5000 BP), but downstream impacts, such as Old 
Kingdom collapse, remain debated due to overlap-
ping sociopolitical stressors (Woodward et al., 2015a, 
2015b). Regional connectivity is evident in synchro-
nicity between Sudanese wet phases (~ 3200–2800 
BP) and Ethiopian Rift Valley humid intervals, likely 
tied to ITCZ coherence, while anomalies like Socotra 
Island’s precipitation spike (~ 4400 BP) underscore 
oceanic moisture influences distinct from continental 
monsoons (Jung et al., 2004; Williams et al., 2010).

In the Central Rift Valley, volcanic activity and 
geothermal groundwater inflow likely played a criti-
cal role in sustaining localized wet conditions despite 
broader regional aridification. Geothermal-fed lakes 
and springs provided a continuous water source, 
buffering against declining precipitation and slowing 
evaporation. This process, combined with hydrother-
mal discharge and groundwater-driven vegetation ref-
ugia, may explain the prolonged wet phases recorded 
between ~ 4200 and 2500 BP and ~ 2800 and 2000 BP, 
contrasting with the widespread drying observed else-
where (Benvenuti et al., 2002).

Topography plays a crucial role in shaping 
regional climatic responses, particularly in delay-
ing the onset of aridification in high-altitude envi-
ronments. The southeastern highlands, with their 
higher elevation and cooler temperatures, facilitated 
prolonged moisture retention by reducing evapora-
tion and enhancing orographic precipitation (Bittner 
et al., 2020; Kuzmicheva et al., 2017). Palynological 
records from the Bale Mountains indicate that these 
conditions allowed localized wet phases to persist 
until ~ 4000 BP, even as surrounding lowland regions 
underwent more rapid drying (Bittner et  al., 2020; 
Kuzmicheva et al., 2017).
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Discussion

An analysis of past environmental changes in the 
NHE, compared to neighboring regions, provides 
valuable insights into the emergence of agriculture in 
the area. However, as Finneran (1999) and Harrower 
et al. (2010) have emphasized, this process cannot be 
attributed to a single factor. Instead, it reflects a com-
plex interplay of environmental, social, and cultural 
influences that are deeply interconnected and cannot 
be fully disentangled.

This study reviews environmental changes in the 
NHE and its neighboring regions over the period 
from 6000 to 1000 BP, a time frame that coincides 
with the development of agriculture and the rise of 
one of the most influential kingdoms in ancient his-
tory. Assessing the extent to which environmen-
tal changes influenced cultural processes—such as 
agriculture, urbanization, and long-distance trade—
remains challenging due to several factors: research 
limitations, and the inherently complex interactions 
between human-environmental dynamics and socio-
cultural developments.

Climate and Development of the Agricultural 
Pre‑Aksumite and Aksumite Culture

One hypothesis suggests that the aridification of 
the lowlands at the end of the AHP drove pastoral-
ists and incipient agriculturalists from eastern Sudan 
to the plateaus and high pastures of the NHE, where 
conditions were still amenable. This puts a strong 
emphasis on climate as an explanation for social and 
cultural changes (i.e. transition to agriculture). East-
ern Sudanese agropastoral communities play a sig-
nificant role in influencing NHE to adopt complex 
societies and agropastoral practices (D’Andrea et al., 
2023). Although detailed research and comprehensive 
data are still lacking, it is suggested that the agropas-
toralism and early social complexity observed in the 
Pre-Aksumite period may have been influenced by 
the Agordat or Gash Groups (Brandt et  al., 2008; 
Finneran, 2007). The ceramics’ resemblance to those 
from Sudanese cultures, including the Jebel Mokram, 
Early Kerma period, Pan-grave, and C-Group cul-
tures, indicates potential interactions and cultural 
exchanges between these regions (Beldados, 2007; 
Sadr, 1991). The movement of pastoralist populations 
in a wider region may be associated with a period of 

aridity of 3700 BP (Bard, 2021; Lesur et  al., 2014). 
At the same time, the archaeological record sug-
gests the earliest agro-pastoralist communities in the 
lowlands lived in the Nile Valley, where water stress 
would not have been felt as the humid conditions at 
the NHE would have fed the river. This is not to say 
that pastoralism and early agriculture were not intro-
duced in the NHE by ACT groups in possession of 
SWA and African crops, only that climate-driven 
migrations are an unsatisfactory explanation.

The paleoenvironmental data indicate the occur-
rence of a distinct wet pulses between 2500 and 2000 
BP and 1500 and 1000 BP in the NHE (and part of 
the Ethiopian lowlands, i.e., southwestern Rift Val-
ley). This climatic phase coincides with the critical 
transition from the Pre-Aksumite to the Aksumite 
period (Fig. 5), which might suggest a link between 
environmental changes and socio-political develop-
ments in the region. The increased rainfall during this 
period likely contributed to more favorable conditions 
for agriculture in the Ethiopian highlands. As a result, 
agricultural productivity may have surged, leading to 
a surplus of resources, which in turn could have sup-
ported the rise of urban centers and the emergence 
of organized polities, hallmark characteristics of the 
Aksumite civilization. Such arguments align with 
environmental determinism theories, where climatic 
changes act as catalysts for socio-political and eco-
nomic transformations. This, in turn, facilitated the 
emergence of urban centers and the political centrali-
zation seen in the Aksumite period.

In the highlands of the neighboring Yemen region, 
there was a wet phase between 4000 and 2700 BP 
that is temporally coincident with the appearance of 
the agricultural-based Sabean culture (3800 to 3000 
BP). This fact might suggest that environmental con-
ditions might have favored the development of agri-
culture in Yemen. The end of this wet phase in the 
eastern part of the Red Sea is contemporary with a 
move towards settled agro-pastoral communities in 
the NHE, engaged in monumental construction, as 
evidenced by the Early and Middle Phases at Mezber 
(D’Andrea et al., 2023) or the Yeha II phase of the 
homonymous site (Fattovich, 2009). It is also during 
this time that a change in the abundance and type of 
crops occurs in the NHE, with a stronger emphasis 
on SWA crops (Ruiz-Giralt & Beldados, 2024), and 
a South Arabian influence in elite material culture 
becomes clear (Phillipson, 2012). These changes in 
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the archaeological record have been explained by a 
movement of Sabean people from the Arabian Pen-
insula into the NHE, or at the least the establishment 
of Sabean enclaves (Fattovich, 2010; Japp et  al., 
2011; Köster, 2021). The climatic data reviewed 
here gives credence to the movement hypothesis. 
The end of the humid phase in the Yemen area ca. 
2700 BP could have led to a movement of migrant 
towards the NHE. The greater water availability and 
environmental stability in the highlands compared 
to the lowlands would have led to the establishment 
of Sabean enclaves there (Harrower et  al., 2010; 
Sergew, 1972). They would have brought with them 
their crops (p.ex. emmer, lentils, flax), agricultural 
innovations, and some aspects of their material cul-
ture (monumental construction, writing) (Bard et al., 
2000; Butzer, 1981; Curtis, 2007 and references 
therein; D’Andrea et al. 2008; Kobishchanov, 1979; 
Michels, 1988, 1994, 2005; Stiehler, 1948; Sulas, 
2014; Sulas et  al., 2009). Caution is advised as the 
occurrence of climate shifts in the Arabian Penin-
sula does not exclude that the cultural exchanges 
between Sabeans and NHE populations that are vis-
ible in the archaeological record may have occurred 
within the context of trade, and not due to migra-
tions. The Red Sea region and NHE have a well-
documented history of long-standing trade relations 
as early as the sixth millennium (Khalid et al. 2010; 
Zazzaro, 2013), extending far beyond the arrival of 
the Sabeans. This raises the question: Did the intro-
duction of domesticated crops and agricultural prac-
tices in the NHE require the migration of an entire 
Sabean community, or could it have been facilitated 
by a smaller, more mobile group of people? This 
discussion invites us to consider the role of trade 
and cultural exchanges in the spread of agricultural 
knowledge. The transfer of agricultural practices 
and domesticated crops might not have necessitated 
large-scale migration but could have been achieved 
through the interactions of trade networks. A group 
of people who frequently travelled between the Red 
Sea region and the NHE could have served as key 
agents in transmitting new crops and farming tech-
niques. Could a small group of traders or people 
significantly influence agricultural development? Is 
larger community migration necessary for such cul-
tural and technological transfer?

Based on the available information, the scenario 
presented in the section “East of NHE” does not 
appear to have played a significant role in the early 
stages of agriculture in NHE. The situation outlined 
in the section “North-West of NHE” deserves consid-
eration as there are archaeobotanical findings of Afri-
can domesticated crops in the NHE record already 
at around 3500 BP (Ruiz-Giralt et  al., 2023). Those 
same groups could have introduced some SWA crops, 
such as barley (Beldados et al., 2023; D’Andrea et al., 
2023; Meresa et  al., 2024; Ruiz-Giralt et  al., 2023). 
This is further supported by evidence of flax/linseed 
appearing earlier in the Horn of Africa than in South 
Arabia (Beldados et  al., 2023; Ruiz-Giralt et  al., 
2023). Beldados et al. (2023) propose that the intro-
duction of SWA crops may have come from Eastern 
Sudan or South Arabia, or possibly a combination of 
the two. Indeed, this could have happened, albeit at 
different stages.

We propose that an early agricultural stage 
occurred from 3500 to 2700 BP, led by a movement 
of mostly pastoralist ACT groups with a subsistence 
based on cattle and ovicaprids as well as cultivation 
of a variety of African and SWA crops, possibly com-
plemented by the harvest of local wild plants. This 
movement was not driven by climate change but by 
a dynamic exploration of new territories. During this 
stage, some varieties of barley, flax, and lentil adapted 
to highland environments. At around 2700 BP, the 
aridification of South Arabia would have led to a sec-
ond stage, characterized by the introduction of new 
SWA crops (p.ex. naked wheat) and new varieties 
of existing SWA cultigens (p.ex. barley and lentils). 
This occurred via contacts (or migrations) between 
the NHE and Sabean groups. This mixture of differ-
ent varieties could explain the extraordinary genetic 
diversity of these crops in Ethiopia: a localized 
mixture of plants with different origins, old, locally 
adapted and geographically isolated enough to have 
escaped more recent introductions. The arrival of 
novel farming methods, relatively humid conditions, 
and intensification of the cultivation of local crops 
(such as t’ef or finger millet) would have permitted a 
food surplus at the NHE. This surplus would in turn 
serve to intensify external trade, the emergence of 
local elites, and, in due time, the establishment of the 
Aksumite kingdom.
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Conclusion

Synthesizing paleoenvironmental data from published 
studies is challenging due to several factors, including 
the limited number of studies conducted in relevant 
areas and time periods, their uneven geographical dis-
tribution, low diversity in record types, and varying 
sampling resolutions. These issues are compounded 
by political and socio-economic instability in the 
region, as well as a predominant research focus on 
human evolution rather than more recent periods. 
Additionally, the natural distribution of sites capable 
of preserving continuous sediment records, such as 
lacustrine deposits, further limits available data. To 
address these challenges, it is necessary to increase 
sampling diversity by incorporating sediments from 
archaeological sites, despite potential methodological 
issues. Furthermore, inconsistencies in climatic phase 
synchronization across different regions underline the 
need for more high-resolution, multi-proxy studies 
to improve chronological accuracy in reconstructing 
past environmental changes.

In conclusion, an integrated view of the paleoen-
vironmental changes that occurred in the Northern 
highlands of Ethiopia, the Horn of Africa, and sur-
rounding regions between 6000 and 1000 BP pro-
vides the context for which to explain the emergence 
of agriculture and urban societies in this region. 
Based on this, we concluded that:

1.	 Paleoenvironmental conditions in the broad 
region at large during this transition stage were 
not uniform but rather presented huge variation 
and different tempos for the occurrence of signifi-
cant changes.

2.	 Early agriculture and the rise of Pre-Aksumite 
societies in the NHE were not directly linked to 
the environmental changes that occurred in the 
region around 3500 BP. Social phenomena and 
dynamics between local human groups in the 
region provide more satisfactory explanations.

3.	 The NHE highlands experienced a shift towards 
higher humidity during the Proto-Aksumite tran-
sition phase and Aksumite period, specifically 
between 2500 and 2000 BP and 1500 and 1000 
BP. This transition might lead to higher agricul-
tural productivity and the food surplus that were 
the basis of the Aksumite kingdom. Hence, it can 
be concluded that changes in the paleoenviron-

ment had significant implications for the develop-
ment of this state society.

Acknowledgements  We express gratitude for the support 
received from ICArEHB—The Interdisciplinary Center for 
Archaeology and Evolution of Human Behaviour, which is 
funded by the Portuguese Foundation for Science and Tech-
nology under program UIDP/04211/2020. We also acknowl-
edge the grants CEECINST/00146/2018/CP1493/CT0002 
CEEC/00848/2017 and project PTDC/HAR-ARQ/1709/2021, 
also funded by the Portuguese FCT. Additionally, we would like 
to thank Anastasia Eleftheriadou, Luka Bruketa, Tawanda Mush-
weshwe, and Dr. Camille Lesage for their valuable input during 
the initial stages of review. The abstract was also translated into 
French by Dr. Godefroy Devevey, for which we are grateful.

Finally, we are grateful to the anonymous reviewers for 
their insightful comments and suggestions, which have helped 
us to improve the manuscript.

Author Contribution  Degsew Z. Mekonnen: conceptualiza-
tion, methodology, investigation, formal analysis, writing — 
original draft, visualization, funding acquisition.

Ana Gomes and Hugo R. Oliveira: conceptualization, writ-
ing — review and editing, supervision, funding acquisition.

Funding  Open access funding provided by FCT|FCCN 
(b-on). This research was supported by Fundação para a Ciên-
cia e a Tecnologia under the following grants:

• Mr. Degsew Zerihun Mekonnen: UIDP/04211/2020
• Dr. Ana Gomes: CEECINST/00146/2018/CP1493/

CT0002, CEEC/00848/2017
• Dr. Hugo Rafael Oliveira: PTDC/HAR-ARQ/1709/2021

Data Availability  All data is included in the text and supple-
mentary files.

Declarations 

Competing Interests  The authors declare no competing 
interests.

Open Access  This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits 
use, sharing, adaptation, distribution and reproduction in any 
medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Crea-
tive Commons licence, and indicate if changes were made. The 
images or other third party material in this article are included 
in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your 
intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly 
from the copyright holder. To view a copy of this licence, visit 
http://creativecommons.org/licenses/by/4.0/.

http://creativecommons.org/licenses/by/4.0/


	 Afr Archaeol Rev

Vol:. (1234567890)

References

Amare B. (1996). Climatic resources, major agro-ecological 
zones and farming systems in Tigray, a paper presented 
in the Extension Intervention Programme Workshop, 
Mekelle.

Anderson, J. M. (2007). Climatic and structural controls on 
the geomorphology of Wadi Sana, Highland Southern 
Yemen. (Master’s thesis, University of South Florida, 
Department of Geology).

Anfray, F. (1973). Les Fouilles de Yeha, Mai-Juin. Documents 
Pour Servir à L’histoire des Civilisations Ethiopiennes, 
4, 35–38.

Baioumy, H. M., Kayanne, H., & Tada, R. (2010). Reconstruc-
tion of lake-level and climate changes in Lake Qarun, 
Egypt, during the last 7000 years. Journal of Great Lakes 
Research, 36(2), 318–327. https://​doi.​org/​10.​1016/j.​jglr.​
2010.​03.​004

Bard, K. A., Coltorti, M., DiBlasi, M., Dramis, F., & Fattovich, 
R. (2000). The environmental history of Tigray (north-
ern Ethiopia) in the Middle and Late Holocene: A pre-
liminary outline. African Archaeological Review, 17(2), 
65–86.

Bard, K. A. (2021). From Egypt to Ethiopia: Neolithic cattle 
pastoralism, early agriculture, and the peopling of north-
east Africa. In Studi in Onore di Armando De Guio, L. 
Magnini, C. Bettineschi & L. Burigana (Eds.), Traces 
of complexity (pp. 183–195). Mantova: Società Archeo-
logica SRL.

Beck, H. E., Zimmermann, N. E., McVicar, T. R., Vergopolan, 
N., Berg, A., & Wood, E. F. (2018). Present and future 
Köppen-Geiger climate classification maps at 1-km reso-
lution. Nature Scientific Data. https://​doi.​org/​10.​1038/​
sdata.​2018.​214

Beldados, A. (2007). New perspectives on the Agordat mate-
rial: A re-examination of the collection in Khartoum 
National Museum. Kartoum, Nyame Akuma, 67, 4–10.

Beldados, A., Ruiz-Giralt, A., Lancelotti, C., Meresa, Y., & 
D’Andrea, A. C. (2023). Pre-Aksumite plant husbandry 
in the Horn of Africa. Vegetation History and Archaeo-
botany. https://​doi.​org/​10.​1007/​s00334-​023-​00949-7

Beldados A. (2015). Paleoethnobotancial study of ancient food 
crops and the environmental context in Northeast Africa, 
6000 BC-AD 200/300. Cambridge Monographs in Afri-
can Archaeology 88, BAR International Series 2706. 
BAR Publishing, Oxford.

Beldados, A. (2019) Millets in eastern Sudan: An archaeobot-
anical study. Azania: Archaeological Research in Africa, 
54(4), 501–515, https://​doi.​org/​10.​1080/​00672​70X.​2019.​
16918​44

Benvenuti, M., Carnicelli, S., Belluomini, G., Dainelli, N., di 
Grazia, S., Ferrari, G. A., Iasio, C., Sagri, M., Ventra, 
D., Atnafu, B., & Kebede, S. (2002). The Ziway-Shala 
Lake basin (main Ethiopian rift, Ethiopia): A revision of 
basin evolution with special reference to the Late Quater-
nary. Journal of African Earth Sciences, 35(2), 247–269. 
https://​doi.​org/​10.​1016/​S0899-​5362(02)​00036-2

Berakhi, O., Brancaccio, L., Calderoni, G., Coltorti, M., 
Dramis, F., & Umer, M. M. (1998). The Mai Maik-
den sedimentary sequence: A reference point for the 

environmental evolution of the highlands of northern 
Ethiopia. Geomorphology, 23(2–4), 127–138. https://​doi.​
org/​10.​1016/​S0169-​555X(97)​00108-6

Berger, J. F., Bravard, J. P., Purdue, L., Benoist, A., Mouton, 
M., & Braemer, F. (2012). Rivers of the Hadramawt 
watershed (Yemen) during the Holocene: Clues of late 
functioning. Quaternary International, 266, 142–161. 
https://​doi.​org/​10.​1016/j.​quaint.​2011.​10.​037

Biagetti, S., Ruiz-Giralt, A., Madella, M., Khalid Magzoub, 
M., Meresa, Y., Gebreselassie, M. H., Veesar, G. M., 
Abro, T. A., Chandio, A., & Lancelotti, C.(2022) No 
rain, no grain? Ethnoarchaeology of sorghum and mil-
let cultivation in dryland environments of Sudan, Paki-
stan, and Ethiopia. Ethnoarchaeology, 13(1–2), 80–104. 
https://​doi.​org/​10.​1080/​19442​890.​2022.​20599​94

Bianchi R.S. (2004). Daily life of Nubians. Greenwood press. 
https://​books.​google.​cm/​books?​id=​Ui9Qw​tp-​LV4C.

Birks, H. H., & Birks, H. J. B. (2006) Multi-proxy studies 
in palaeolimnology. Vegetation History and Archaeo-
botany, 15(4), 235–251. https://​doi.​org/​10.​1007/​
s00334-​006-​0066-6

Bittner, L., Bliedtner, M., Grady, D., Gil-Romera, G., Mar-
tin-Jones, C., Lemma, B., Mekonnen, B., Lamb, H. F., 
et al. (2020). Revisiting afro-alpine Lake Garba Gura-
cha in the Bale Mountains of Ethiopia: Rationale, chro-
nology, geochemistry, and palaeoenvironmental impli-
cations. Journal of Paleolimnology, 64(3), 293–314. 
https://​doi.​org/​10.​1007/​s10933-​020-​00138-w

Bittner, L., Gil-Romera, G., Grady, D., Lamb, H. F., Lor-
enz, E., Weiner, M., Zech, M. (2021). The Holocene 
lake-evaporation history of the afro-alpine Lake Garba 
Guracha in the Bale Mountains, Ethiopia, based on 
δ18O records of sugar biomarker and diatoms. Quater-
nary Research, 1–14.

Bittner, L., De Jonge, C., Gil-Romera, G., Lamb, H. F., Rus-
sell, J. M., & Zech, M. (2022). A Holocene temperature 
(brGDGT) record from Garba Guracha, a high-altitude 
lake in Ethiopia. Biogeosciences, 19(23), 5357–5374. 
https://​doi.​org/​10.​5194/​bg-​19-​5357-​2022

Blanchet, C. L., Tjallingii, R., Frank, M., Lorenzen, J., Reitz, 
A., Brown, K., Feseker, T., & Brückmann, W. (2013). 
High- and low-latitude forcing of the Nile River regime 
during the Holocene inferred from laminated sediments 
of the Nile deep-sea fan. Earth and Planetary Science 
Letters, 364, 98–110. https://​doi.​org/​10.​1016/j.​epsl.​
2013.​01.​009

Bonnefille, R., & Hamilton, A. (1986). Quaternary and late 
tertiary history of Ethiopian vegetation. Symbolae 
Botanicae Upsalienses, 26, 48–63.

Bonnefille, R., & Mohammed, U. (1994). Pollen-inferred 
climatic fluctuations in Ethiopia during the last 3000 
years. Palaeogeography, Palaeoclimatology, Palaeo-
ecology, 109(2–4), 331–343.

Brancaccio, L. G., Calderoni, M., Coltorti, F., Dramis, F., & 
Berakhi, O. (1997). Phases of soil erosion during the 
Holocene in the highlands of Western Tigray (north-
ern Ethiopia): A preliminary report. In K. A. Bard 
(Ed.), The environmental history and human ecology of 
Northern Ethiopia in the Late Holocene (pp. 29–44). 
Istituto Universitario Orientale.

https://doi.org/10.1016/j.jglr.2010.03.004
https://doi.org/10.1016/j.jglr.2010.03.004
https://doi.org/10.1038/sdata.2018.214
https://doi.org/10.1038/sdata.2018.214
https://doi.org/10.1007/s00334-023-00949-7
https://doi.org/10.1080/0067270X.2019.1691844
https://doi.org/10.1080/0067270X.2019.1691844
https://doi.org/10.1016/S0899-5362(02)00036-2
https://doi.org/10.1016/S0169-555X(97)00108-6
https://doi.org/10.1016/S0169-555X(97)00108-6
https://doi.org/10.1016/j.quaint.2011.10.037
https://doi.org/10.1080/19442890.2022.2059994
https://books.google.cm/books?id=Ui9Qwtp-LV4C
https://doi.org/10.1007/s00334-006-0066-6
https://doi.org/10.1007/s00334-006-0066-6
https://doi.org/10.1007/s10933-020-00138-w
https://doi.org/10.5194/bg-19-5357-2022
https://doi.org/10.1016/j.epsl.2013.01.009
https://doi.org/10.1016/j.epsl.2013.01.009


Afr Archaeol Rev	

Vol.: (0123456789)

Brandt, S. A., Perlingieri, C., & Manzo, A. (2008). Linking 
the highlands and the lowlands: Implications of a test 
excavation at Kokan Rockshelter, Agordat, Eritrea. In 
P. Schmidt, M. Curtis, & Z. Teka (Eds.), The archaeol-
ogy of ancient Eritrea (pp. 33–47). Red Sea Press.

Brandt, S. A. (1982). A late quaternary cultural/environmen-
tal sequence from Lake Besaka, southern Afar, Ethio-
pia. ProQuest Dissertations & Theses.

Butzer, K. W. (1981). Rise and fall of Axum: A geoar-
chaeological interpretation. American Antiquity, 46, 
471–495.

Chalié, F., & Gasse, F. (2002). Late Glacial-Holocene diatom 
record of water chemistry and lake level change from 
the tropical East African Rift Lake Abiyata (Ethiopia). 
Palaeogeography, Palaeoclimatology, Palaeoecology, 
187(3–4), 259–283. https://​doi.​org/​10.​1016/​S0031-​
0182(02)​00480-7

Clark, J. D. (1962). The spread of food production in Sub-
Saharan Africa. Journal of African History, 3, 211–228.

Clark, J. D. (1967). The problem of Neolithic culture in sub-
Saharan Africa. In W. Bishop & J. D. Clark (Eds.), Back-
ground to evolution in Africa (pp. 601–627). The Univer-
sity of Chicago Press.

Clark, J. D., & Prince, G. (1978). Use-wear on later stone age 
microliths from Laga Oda, Haraghi, Ethiopia and pos-
sible functional interpretations. Azania Journal. British 
Institute of East Africa., 13, 101–110. https://​doi.​org/​10.​
1080/​00672​70780​95116​33

Coltorti, M., Cinque, A., Fubelli, G., Dramis, F., Abebe, B., & 
Asrat, A. (2009). Late Holocene environmental changes 
and present-day geomorphic processes in the Wurgo 
catchment (Wollo, Ethiopia). Geografia Fisica E Dinam-
ica Quaternaria, 32(2), 129–134. 10.4454/.

Costa, K., Russell, J., Konecky, B., & Lamb, H. (2014). Iso-
topic reconstruction of the African humid period and 
Congo air boundary migration at Lake Tana, Ethiopia. 
Quaternary Science Reviews, 83, 58–67. https://​doi.​org/​
10.​1016/j.​quasc​irev.​2013.​10.​031

Cullen, H. M., Demenocal, P. B., Hemming, S., Hemming, G., 
Brown, F. H., Guilderson, T., & Sirocko, F. (2000). Cli-
mate change and the collapse of the Akkadian empire: 
Evidence from the deep sea. Geology, 28(4), 379–382.

Curtis, M. C. (2007). New perspectives for examining change 
and complexity in the northern Horn of Africa during the 
first millennium C.E. In P. R. Schmidt, M. C. Curtis, and 
Z. Teka (Eds.), The archaeology of ancient Eritrea, (pp. 
329–348). Trenton, NJ: The Red Sea Press Inc.

D’Andrea, A. C. (2008). T’ef (Eragrostis tef) in ancient agri-
cultural systems of highland Ethiopia. Economic Botany, 
62(4), 547–566.

D’Andrea, A. C., & Wadge, P. (2011). T’ef (Eragrostis tef): A 
legacy of pastoralism? In A. G. Fahmy, S. Kahlheber, 
& A. C. D’Andrea (Eds.), Windows on the African past: 
Current approaches to African archaeobotany (pp. 225–
241). Africa Magna Verlag.

D’Andrea, A., Welton, L., Manzo, A., Woldekiros, H. S., 
Brandt, S. A., Beldados, A., et al. (2023) The Pre-Aksu-
mite Period: Indigenous origins and development in the 
Horn of Africa. Azania: Archaeological Research in 
Africa, 1–64. https://​doi.​org/​10.​1080/​00672​70X.​2023.​
22364​84

Dabrowski, V., Bouchaud, C., Desormeau, X., Herveux, L., 
Chambraud, E., Ryan, S. E., & Tengberg, M. (2024). 
A tale of new crops in the arid Arabian Peninsula oasis 
from antiquity to the early Islamic period. Vegetation 
History and Archaeobotany, 1–14. https://​doi.​org/​10.​
1007/​s00334-​023-​00976-4

D’Andrea, A. C., Kahlheber, S., Logan, A. L., & Watson, D. J. 
(2007). Early domesticated cowpea (Vigna unguiculata) 
from Central Ghana. Antiquity, 81(313), 686–698.

D’Andrea, A. C., Manzo, A., Harrower, M. J., & Hawkins, A. 
L. (2008). The Pre-Aksumite and Aksumite settlement of 
NE Tigray. Ethiopia. Journal of Field Archaeology, 33(2), 
151–176. https://​doi.​org/​10.​1179/​00934​69087​91071​268

Darbyshire, I., Lamb, H., & Umer, M. (2003). Forest clearance 
and regrowth in northern Ethiopia during the last 3000 
years. The Holocene, 13, 537–546.

Davies, C. P. (2006). Holocene paleoclimates of southern Ara-
bia from lacustrine deposits of the Dhamar highlands, 
Yemen. Quaternary Research, 66, 454–464.

Dawelbeit, A., Jaillard, E., & Eisawi, A. (2019) Sedimentary 
and paleobiological records of the latest Pleistocene-Hol-
ocene climate evolution in the Kordofan region, Sudan. 
Journal of African Earth Sciences, 160, 103605. https://​
doi.​org/​10.​1016/j.​jafre​arsci.​2019.​103605

Deichmann, U., Lars, E. (1991). Global digital data sets  for 
land degradation studies: A GIS approach. GRID Case 
Study Series No. 4; UNEP/GEMS and GRID; Nairobi, 
Kenya; 103 pages.

DiBlasi, M. C. (1997). Pollen-analytical approaches to the 
study of Late Holocene environmental history and 
human ecology on the Shire Plateau of northern Ethio-
pia. In K. A. Bard (Ed.), The environmental history and 
human ecology of Northern Ethiopia in the Late Holo-
cene (pp. 43–79). Istituto Universitario Orientale.

Dominik, J., & Stanley, D. J. (1993) Boron, beryllium and sul-
fur in Holocene sediments and peats of the Nile delta, 
Egypt: Their use as indicators of salinity and climate. 
Chemical Geology, 104(1–4), 203–216. https://​doi.​org/​
10.​1016/​0009-​2541(93)​90151-8

Dramis, F. (2003). Holocene climate phases from buried soils 
in Tigray (northern Ethiopia): Comparison with lake 
level fluctuations in the Main Ethiopian Rift. Quater-
nary Research. https://​doi.​org/​10.​1016/​s0033-​5894(03)​
00107-8

Dramis, F., spsampsps Fubelli, G. (2015). Tufa dams in Tigray 
(Northern Ethiopia) as Late Pleistocene—Holocene cli-
mate proxies. In P. Billi (Ed.), Landscapes and landforms 
of Ethiopia (pp. 201–211). Springer Netherlands. https://​
doi.​org/​10.​1007/​978-​94-​017-​8026-1_​11

Edens, C., & Wilkinson, T. J. (1998). Southwest Arabia dur-
ing the Holocene: Recent archaeological developments. 
Journal of World Prehistory, 12(1), 55–119.

Edwards, D. (2004). The Nubian past: An archaeology of the 
Sudan. Routledge.

Ehret, C. (1979). On the antiquity of agriculture in Ethiopia. 
Journal of African History, 20, 161–177.

Fadida-Myers, A., Fuerst, D., Tzuberi, A., Yadav, S., Nashef, 
K., Roychowdhury, R., et  al. (2022). Emmer wheat 
eco-geographic and genomic congruence shapes pheno-
typic performance under Mediterranean climate. Plants, 
11(11), 1460.

https://doi.org/10.1016/S0031-0182(02)00480-7
https://doi.org/10.1016/S0031-0182(02)00480-7
https://doi.org/10.1080/00672707809511633
https://doi.org/10.1080/00672707809511633
https://doi.org/10.1016/j.quascirev.2013.10.031
https://doi.org/10.1016/j.quascirev.2013.10.031
https://doi.org/10.1080/0067270X.2023.2236484
https://doi.org/10.1080/0067270X.2023.2236484
https://doi.org/10.1007/s00334-023-00976-4
https://doi.org/10.1007/s00334-023-00976-4
https://doi.org/10.1179/009346908791071268
https://doi.org/10.1016/j.jafrearsci.2019.103605
https://doi.org/10.1016/j.jafrearsci.2019.103605
https://doi.org/10.1016/0009-2541(93)90151-8
https://doi.org/10.1016/0009-2541(93)90151-8
https://doi.org/10.1016/s0033-5894(03)00107-8
https://doi.org/10.1016/s0033-5894(03)00107-8
https://doi.org/10.1007/978-94-017-8026-1_11
https://doi.org/10.1007/978-94-017-8026-1_11


	 Afr Archaeol Rev

Vol:. (1234567890)

Fattovich, R. (1990). Remarks on the Pre-Aksumite period in 
Northern Ethiopia. Journal of Ethiopian Studies, 23, 3–33.

Fattovich, R. (1991). The problem of punt in light of recent 
field work in the Eastern Sudan. In S. Schoska (Ed.), 
Akten des Vierten Internationalen Agyptologen Kon-
gresses, Munchen 1985 (pp. 257–272). Hamburg, Ger-
many: Helmut Busche Verlag

Fattovich, R. (2009). Reconsidering Yeha, c. 800–400 BC. 
African Archaeological Review, 26, 275–290.

Fattovich, R. (2018). The archaeology of Punt. The Journal 
of Egyptian Archaeology, 104(2), 205–209.

Fattovich, R., Marks, A., & Mohammed-Ali, A. (1984). The 
archaeology of Eastern Sahel, Sudan: Preliminary 
results. The African Archaeological Review, 2, 173.

Fattovich, R. (1993). The Gash group of the Eastern Sudan: 
An outline. In Environmental change and human cul-
ture in the Nile Basin and Northern Africa until the 
Second Millennium BC (pp. 439–448). Poznan, Poland.

Fattovich, R. (2010) The development of ancient states in the 
Northern Horn of Africa, c. 3000 BC–AD 1000: An 
archaeological outline. Journal of World Prehistory, 23(3), 
145–175. https://​doi.​org/​10.​1007/​s10963-​010-​9035-1

Finneran, N. (2007). Ethiopian archaeology. Routledge.
Finneran, N. (1999). Post-pleistocene socio-economic develop-

ments in the Northern Ethiopian/Eritrean highlands: A 
case study from Aksum, Tigray. (Doctoral thesis, Univer-
sity of Cambridge).

Flaux, C., Claude, C., Marriner, N., & Morhange, C. (2013). A 
7500-year strontium isotope record from the northwest-
ern Nile delta (Maryut lagoon, Egypt). Quaternary Sci-
ence Reviews, 78, 22–33. https://​doi.​org/​10.​1016/j.​quasc​
irev.​2013.​06.​018

Fleitmann, D., Burns, S. J., Mangini, A., Mudelsee, M., Kram-
ers, J., Villa, I., et al. (2007). Holocene ITCZ and Indian 
monsoon dynamics recorded in stalagmites from Oman 
and Yemen (Socotra). Quaternary Science Reviews, 26, 
170–188. https://​doi.​org/​10.​1016/j.​quasc​irev.​2006.​04.​012

Florenzano, A., Mercuri, A. M., Fornaciari, R., & Garcea, E. 
A. A. (2019). Plants, water and humans: Pollen analysis 
from Holocene archaeological sites on Sai Island, north-
ern Sudan. Palynology, 43(1), 22–33. https://​doi.​org/​10.​
1080/​01916​122.​2017.​13844​11

Foerster, V., Junginger, A., Langkamp, O., Gebru, T., Asrat, 
A., Umer, M., Lamb, H. F., et al. (2012). Climatic change 
recorded in the sediments of the Chew Bahir basin, 
southern Ethiopia, during the last 45,000 years. Quater-
nary International, 274, 25–37. https://​doi.​org/​10.​1016/j.​
quaint.​2012.​06.​028

Foerster, V., Vogelsang, R., Junginger, A., Asrat, A., Lamb, H. 
F., Schaebitz, F., & Trauth, M. H. (2015). Environmental 
change and human occupation of southern Ethiopia and 
northern Kenya during the last 20,000 years. Quater-
nary Science Reviews, 129, 333–340. https://​doi.​org/​10.​
1016/j.​quasc​irev.​2015.​10.​026

Friedman, G. M. (1979). Address of the retiring President of the 
International Association of Sedimentologists: Differences 
in size distributions of populations of particles among 
sands of various origins. Sedimentology, 26(1), 3–32. 
https://​doi.​org/​10.​1111/j.​1365-​3091.​1979.​tb003​36.x

Fuller, D. Q., spsampsps Stevens, C. J. (2018). Sorghum domes-
tication and diversification: A current archaeobotanical 

perspective. Plants and people in the African past: Pro-
gress in African Archaeobotany, 427–452.

Gasse, F. (1977). Evolution of Lake Abhé (Ethiopia and TFAI), 
from 70,000 BP. Nature, 265(5589), 42–45. https://​doi.​
org/​10.​1038/​26504​2a0

Gasse, F. (2000). Hydrological changes in the African tropics 
since the Last Glacial Maximum. Quaternary Science 
Reviews, 19, 189–211.

Gasse, F., & Fontes, J.-C. (1989). Paleoenvironments and pal-
aeohydrology of a tropical closed lake (Lake Asal, Dji-
bouti) since 10,000 BP. Palaeogeography, Palaeoclima-
tology, Palaeoecology, 69, 67–102. https://​doi.​org/​10.​
1016/​0031-​0182(89)​90156-9

Gasse, F., & Street, F. A. (1978). Late quaternary lake-level 
fluctuations and environments of the northern rift valley 
and afar region (Ethiopia and Djibouti). Palaeogeogra-
phy, Palaeoclimatology, Palaeoecology, 24(4), 279–295, 
297, 299–325. https://​doi.​org/​10.​1016/​0031-​0182(78)​
90011-1

Gautier, A., & Van Neer, W. (2006). Animal remains from 
Mahal Teglinos (Kassala, Sudan) and the arrival of 
pastoralism in the southern Atbai. Journal of African 
Archaeology, 4(2), 223–233.

Gebru, T., Eshetu, Z., Huang, Y., Woldemariam, T., Strong, N., 
Umer, M., DiBlasi, M., & Terwilliger, V. J. (2009). Holo-
cene palaeovegetation of the Tigray Plateau in northern 
Ethiopia from charcoal and stable organic carbon iso-
topic analyses of gully sediments. Paleogeography, Pal-
aeoclimatology, Paleoecology, 282(1–4), 67–80. https://​
doi.​org/​10.​1016/j.​palaeo.​2009.​08.​011

Ghaleb, A. O. (1990). Agricultural practices in ancient Radman 
and Wadi al-Jubah (Yemen). Dissertations available from 
ProQuest.AI9101160. https://​repos​itory.​upenn.​edu/​disse​
rtati​ons/​AAI91​01160

Gillespie, R., Street-Perrott, F., & Switsur, R. (1983). Post-
glacial arid episodes in Ethiopia have implications for 
climate prediction. Nature, 306, 680–683. https://​doi.​org/​
10.​1038/​30668​0a0

Girma, H. (2001). The emergence of prehistoric pastoralism in 
southern Ethiopia [Dessertation]. University of Florida.

Grove, A. T., Street, F. A., & Goudie, A. S. (1975). Former lake 
levels and climatic change in the Rift Valley of Southern 
Ethiopia. In Source: The Geographical Journal, 141(2), 
177–194.

Hafsaas, H. (2006). Cattle pastoralists in a multicultural set-
ting: The C-Group people of lower Nubia 2500–1500 
BCE. Lower Jordan River Basin Program Publica-
tions, 10. University of Bergen and Bir Zeit University, 
Ramallah.

Hamdan, M. A., Hassan, F. A., Flower, R. J., Leroy, S. A. G., 
Shallaly, N. A., & Flynn, A. (2019). Source of Nile sedi-
ments in the floodplain at Saqqara inferred from miner-
alogical, geochemical, and pollen data, and their palaeo-
climatic and geoarchaeological significance. Quaternary 
International, 501, 272–288. https://​doi.​org/​10.​1016/j.​
quaint.​2018.​02.​021

Hamdan, M. A., Flower, R. J., Hassan, F. A., & Hassan, S. 
M. (2020a). The Holocene history of the Faiyum Lake 
(Egypt) based on sediment characteristics, diatoms and 
ostracods contents. Journal of Great Lakes Research., 
46(3), 456–475. https://​doi.​org/​10.​1016/j.​jglr.​2020.​03.​016

https://doi.org/10.1007/s10963-010-9035-1
https://doi.org/10.1016/j.quascirev.2013.06.018
https://doi.org/10.1016/j.quascirev.2013.06.018
https://doi.org/10.1016/j.quascirev.2006.04.012
https://doi.org/10.1080/01916122.2017.1384411
https://doi.org/10.1080/01916122.2017.1384411
https://doi.org/10.1016/j.quaint.2012.06.028
https://doi.org/10.1016/j.quaint.2012.06.028
https://doi.org/10.1016/j.quascirev.2015.10.026
https://doi.org/10.1016/j.quascirev.2015.10.026
https://doi.org/10.1111/j.1365-3091.1979.tb00336.x
https://doi.org/10.1038/265042a0
https://doi.org/10.1038/265042a0
https://doi.org/10.1016/0031-0182(89)90156-9
https://doi.org/10.1016/0031-0182(89)90156-9
https://doi.org/10.1016/0031-0182(78)90011-1
https://doi.org/10.1016/0031-0182(78)90011-1
https://doi.org/10.1016/j.palaeo.2009.08.011
https://doi.org/10.1016/j.palaeo.2009.08.011
https://repository.upenn.edu/dissertations/AAI9101160
https://repository.upenn.edu/dissertations/AAI9101160
https://doi.org/10.1038/306680a0
https://doi.org/10.1038/306680a0
https://doi.org/10.1016/j.quaint.2018.02.021
https://doi.org/10.1016/j.quaint.2018.02.021
https://doi.org/10.1016/j.jglr.2020.03.016


Afr Archaeol Rev	

Vol.: (0123456789)

Hamdan, M. A., Flower, R. J., Hassan, F. A., & Leroy, S. A. 
G. (2020b). Geochemical and palynological analysis of 
Faiyum Lake sediments, Egypt: Implications for Holo-
cene paleoclimate. Journal of African Earth Sciences., 
167, 103864. https://​doi.​org/​10.​1016/j.​jafre​arsci.​2020.​
103864

Hamdan, M. A., Badawy, R. H., Zaky, A. S., Osman, R., Has-
san, F. A., Flower, R. J., Afify, A. M., & Mabrouk, M. 
S. (2024). Depositional history of the Holocene Faiyum 
Paleolake (Egypt) inferred from a petrographic analysis. 
Quaternary International, 714, 109588. https://​doi.​org/​
10.​1016/j.​quaint.​2024.​11.​006

Hamilton, A. C. (1982). Environmental history of East Africa 
(p. 328). Academic Press, London.

Hardt, J., Nir, N., Lüthgens, C., Menn, T. M., & Schütt, B. 
(2023). Palaeoenvironmental research at Hawelti-
Melazo (Tigray, northern Ethiopia) – insights from 
sedimentological and geomorphological analyses. E&G 
Quaternary Science Journal, 72(1), 37–55. https://​doi.​
org/​10.​5194/​egqsj-​72-​37-​2023

Harlan, J. R. (1982). The origins of indigenous African agricul-
ture. In J. D. Clark (Ed.), The Cambridge history of Africa 
(Vol. 1, pp. 624–657). Cambridge University Press.

Harlan, J. R. (1992). Indigenous African agriculture. In P. J. 
Watson & C. W. Cowan (Eds.), Agricultural origins in 
world perspective (pp. 59–69). Smithsonian Institution 
Publications in Anthropology.

Harrower, M. J., Mccorriston, J., & D’Andrea, A. C. (2010). 
General/specific, local/global: Comparing the begin-
nings of agriculture in the Horn of Africa (Ethiopia/
Eritrea) and Southwest Arabia (Yemen). American 
Antiquity, 75(3), 452–472.

Harzing, A.W. (2024). Publish or perish. Available 
from https://​harzi​ng.​com/​resou​rces/​publi​sh-​or-​perish

Hassan, F. A. (1997). Holocene paleoclimates of Africa. The 
African Archaeological Review, 14(4), 213–230.

Hassan, F. A., Hamdan, M. A., Flower, R. J., & Keatings, 
K. (2012). The oxygen and carbon isotopic records in 
Holocene freshwater mollusc shells from the Faiyum 
paleolakes, Egypt: Their paloenvironmental and pale-
oclimatic implications. Quaternary International, 266, 
175–187. https://​doi.​org/​10.​1016/j.​quaint.​2011.​11.​024

Hassan, F. A., Hamdan, M. A., Flower, R. J., Shallaly, N. A., 
& Ebrahem, E. (2017). Holocene alluvial history and 
archaeological significance of the Nile floodplain in the 
Saqqara-Memphis region. Egypt. Quaternary Science 
Reviews, 176, 51–70. https://​doi.​org/​10.​1016/j.​quasc​
irev.​2017.​09.​016

Herniter, I. A., Muñoz-Amatriaín, M., & Close, T. J. (2020). 
Genetic, textual, and archeological evidence of the his-
torical global spread of cowpea (Vigna unguiculata [L.] 
Walp.). Legume Science, 2(4), 57.

Hildebrand, E. A., Brandt, S. A., Friis, I., & Demissew, S. 
(2019). Palaeoenvironmental reconstructions for the 
Horn of Africa: Interdisciplinary perspectives on 
strategy and significance. In T. J. M. Schrijver, and 
A. J. Struik (Ed.), Trees, grasses and crops. People 
and plants in sub-Saharan Africa and beyond, (pp. 
187–210).

Hoelzmann, P., Kruse, H. J., & Rottinger, F. (2000). Precipi-
tation estimates for the eastern Saharan palaeomonsoon 

based on a water balance model of the West Nubian 
Palaeolake basin. Global and Planetary Change, 26(1–
3), 105–120. https://​doi.​org/​10.​1016/​S0921-​8181(99)​
00061-0

Hoelzmann, P., Keding, B., Berke, H., Kröpelin, S., & Kruse, 
H.-J. (2001). Environmental change and archaeology: 
Lake evolution and human occupation in the Eastern 
Sahara during the Holocene. Palaeogeography, Pal-
aeoclimatology, Palaeoecology, 169(3–4), 193–217. 
https://​doi.​org/​10.​1016/​S0031-​0182(01)​00211-5

Huntley, B. (2012). Reconstructing palaeoclimates from 
biological proxies: Some often overlooked sources of 
uncertainty. Quaternary Science Reviews, 31, 1–16. 
https://​doi.​org/​10.​1016/j.​quasc​irev.​2011.​11.​006

Huynh, B., Close, T. J., Roberts, P. A., Hu, Z., Wanamaker, S., 
Lucas, M. R., Chiulele, R., Cissé, N., David, A., Hearne, 
S., Fatokun, C., Diop, N. N., & Ehlers, J. D. (2013) Gene 
pools and the genetic architecture of domesticated cow-
pea. The Plant Genome, 6(3), plantgenome2013.03.0005. 
https://​doi.​org/​10.​3835/​plant​genom​e2013.​03.​0005

Iob, A., & Botigué, L. (2023). Genomic analysis of emmer 
wheat shows a complex history with two distinct domes-
tic groups and evidence of differential hybridization with 
wild emmer from the western Fertile Crescent. Vegeta-
tion History and Archaeobotany, 32(5), 545–558.

Jaeschke, A., Thienemann, M., Schefuß, E., Urban, J., Schäb-
itz, F., Wagner, B., & Rethemeyer, J. (2020). Holocene 
hydroclimate variability and vegetation response in the 
Ethiopian highlands (Lake Dendi). Frontiers in Earth 
Science, 8, 585770. https://​doi.​org/​10.​3389/​feart.​2020.​
585770

Japp, S., Gerlach, I., Hitgen, H., Schnelle, M. (2011). Yeha and 
Hawelti: Cultural contacts between Sabaʾ and DʿMT—
new research by the German Archaeological Institute 
in Ethiopia. In Proceedings of the Seminar for Arabian 
Studies (pp. 145–160). Archaeopress.

Jung, S. J. A., Davies, G. R., Ganssen, G. M., & Kroon, D. 
(2004). Stepwise Holocene aridification in NE Africa 
deduced from dust-borne radiogenic isotope records. 
Earth and Planetary Science Letters, 221(1–4), 27–37. 
https://​doi.​org/​10.​1016/​S0012-​821X(04)​00095-0

Khalidi, L., Oppenheimer, C., Gratuze, B., Boucetta, S., Sana-
bani, A., & al-Mosabi, A. (2010). Obsidian sources in 
highland Yemen and their relevance to archaeological 
research in the Red Sea region. Journal of Archaeologi-
cal Science., 37(9), 2332–2345. https://​doi.​org/​10.​1016/j.​
jas.​2010.​04.​007

Khalidi, L., Mologni, C., Ménard, C., Coudert, L., Gabriele, 
M., Davtian, G., Cauliez, J., Lesur, J., Bruxelles, L., 
Chesnaux, L., Redae, B. E., Hainsworth, E., Doubre, C., 
Revel, M., Schuster, M., & Zazzo, A. (2020). 9000 years 
of human lakeside adaptation in the Ethiopian Afar: 
Fisher-foragers and the first pastoralists in the Lake Abhe 
basin during the African Humid Period. Quaternary Sci-
ence Reviews, 243, 106459. https://​doi.​org/​10.​1016/j.​
quasc​irev.​2020.​106459

Kobishchanov, Y. M. (1979). Axum. Pennsylvania State Uni-
versity Press.

Köster, M. (2021). Pre-Aksumite pottery in the northern horn 
of Africa and its indication. In South Arabian Long-Dis-
tance Trade in Antiquity: “Out of Arabia”, (p. 392).

https://doi.org/10.1016/j.jafrearsci.2020.103864
https://doi.org/10.1016/j.jafrearsci.2020.103864
https://doi.org/10.1016/j.quaint.2024.11.006
https://doi.org/10.1016/j.quaint.2024.11.006
https://doi.org/10.5194/egqsj-72-37-2023
https://doi.org/10.5194/egqsj-72-37-2023
https://harzing.com/resources/publish-or-perish
https://doi.org/10.1016/j.quaint.2011.11.024
https://doi.org/10.1016/j.quascirev.2017.09.016
https://doi.org/10.1016/j.quascirev.2017.09.016
https://doi.org/10.1016/S0921-8181(99)00061-0
https://doi.org/10.1016/S0921-8181(99)00061-0
https://doi.org/10.1016/S0031-0182(01)00211-5
https://doi.org/10.1016/j.quascirev.2011.11.006
https://doi.org/10.3835/plantgenome2013.03.0005
https://doi.org/10.3389/feart.2020.585770
https://doi.org/10.3389/feart.2020.585770
https://doi.org/10.1016/S0012-821X(04)00095-0
https://doi.org/10.1016/j.jas.2010.04.007
https://doi.org/10.1016/j.jas.2010.04.007
https://doi.org/10.1016/j.quascirev.2020.106459
https://doi.org/10.1016/j.quascirev.2020.106459


	 Afr Archaeol Rev

Vol:. (1234567890)

Kottek, M., Grieser, J., Beck, C., Rudolf, B., & Rubel, F. (2006). 
World map of the Koppen-Geiger climate classification 
updated. Meteorologische Zeitschrift, 15, 259–263.

Kröpelin, S., & Soulie-Marsche, I. (1991). Charophyte remains 
from Wadi Howar as evidence for deep Mid-Holocene 
freshwater lakes in the Eastern Sahara of Northwest 
Sudan. Quaternary Research, 36, 210–223.

Kuzmicheva, E. A., Debella, H., Khasanov, B., Krylovich, O., 
Babenko, A., Savinetsky, A., Severova, E., & Yirga, S. 
(2013). Holocene hyrax dung deposits in the afroalpine belt 
of the Bale Mountains (Ethiopia) and their palaeoclimatic 
implication. Environmental Archaeology, 18(1), 72–81. 
https://​doi.​org/​10.​1179/​14614​10313Z.​00000​000018

Kuzmicheva, E. A., Khasanov, B. F., Krylovich, O. A., & Savi-
netsky, A. B. (2014). Vegetation and climate reconstruc-
tion for the bale mountains (Ethiopia) in the Holocene 
according to the pollen analysis and radiocarbon dating of 
zoogenic deposits. Doklady Biological Sciences, 458(1), 
281–285. https://​doi.​org/​10.​1134/​S0012​49661​40500​19

Kuzmicheva, E., Debella, H. J., Khasanov, B., Krylovich, O., 
Girmay, W., Vasyukov, D., Yirga, S., & Savinetsky, A. 
(2017). Ecosystem history of the Bale Mountains. Ethio-
pian Journal of Biological Sciences, 16, 61–94.

Kuzmicheva, E. A., Khasanov, B. F., Krylovich, O. A., 
Debella, H. J., Worku, W. G., Yirga, S., & Savinetsky, A. 
B. (2018). Vegetation and climate history of the Harenna 
Forest (Bale Mountains, Ethiopia) in the Holocene. Biol-
ogy Bulletin, 45(6), 537–548. https://​doi.​org/​10.​1134/​
S1062​35901​80600​67

Lamb, A. L., Leng, M. J., Lamb, H. F., Telford, R. J., & 
Mohammed, M. U. (2002). Climatic and non-climatic 
effects on the δ18O and δ13C compositions of Lake 
Awassa, Ethiopia, during the last 6.5 ka. Quaternary Sci-
ence Reviews, 21, 1459–1472.

Lanckriet, S., Rucina, S., Frankl, A., Ritler, A., Gelorini, V., & 
Nyssen, J. (2015a). Nonlinear vegetation cover changes 
in the North Ethiopian highlands: Evidence from the 
Lake Ashenge closed basin. Science of the Total Environ-
ment, 536, 996–1006. https://​doi.​org/​10.​1016/j.​scito​tenv.​
2015.​05.​122

Lanckriet, S., Schwenninger, J.-L., Frankl, A., & Nyssen, J. 
(2015b). The Late-Holocene geomorphic history of the 
Ethiopian highlands: Supportive evidence from May 
Tsimble. CATENA, 135, 290–303. https://​doi.​org/​10.​
1016/j.​catena.​2015.​08.​011

Lesur, J., Hildebrand, E. A., Abawa, G., & Gutherz, X. (2014). 
The advent of herding in the Horn of Africa: New data 
from Ethiopia, Djibouti and Somaliland. Quaternary 
International, 343, 148–158. https://​doi.​org/​10.​1016/j.​
quaint.​2013.​11.​024

Lézine, A. M., Robert, C., Cleuziou, S., Inizan, M. L., Braemer, 
F., Saliège, J. F., Sylvestre, F., Tiercelin, J. J., Crassard, R., 
Méry, S., Charpentier, V., & Steimer Herbet, T. (2010). 
Climate evolution and human occupation in the southern 
Arabian lowlands during the last deglaciation and the Hol-
ocene. Global and Planetary Change, 412–428.

Liber, M., Duarte, I., Maia, A. T., Oliveira, H. R. (2021). 
The history of lentil (Lens culinaris subsp. culinaris) 
domestication and spread as revealed by genotyping-by-
sequencing of wild and landrace accessions. Frontiers in 
Plant Science, 12, 628439.

Loakes, K., Ryves, D. B., Lamb, H. F., Schäbitz, F., Dee, M., Tyler, 
J. J., Mills, K., & McGowan, S. (2018). Late Quaternary cli-
mate change in the north-eastern highlands of Ethiopia: A 
high resolution 15,600-year diatom and pigment record from 
Lake Hayk. Quaternary Science Reviews, 202, 166–181. 
https://​doi.​org/​10.​1016/j.​quasc​irev.​2018.​09.​005

Lyons, D., & D’Andrea, A. C. (2003). Griddles, ovens, and agri-
cultural origins: An ethnoarchaeological study of bread 
baking in Highland Ethiopia. American Anthropologist, 
105(3), 3. https://​doi.​org/​10.​1525/​aa.​2003.​105.3.​515

Machado, M. J., Pérez-González, A., & Benito, G. (1998). 
Palaeoenvironmental changes during the last 4000 years 
in the Tigray, northern Ethiopia. Quaternary Research, 
49(3), 312–321. https://​doi.​org/​10.​1006/​qres.​1998.​1965

Macklin, M. G., Woodward, J. C., Welsby, D. A., Duller, G. A. T., 
Williams, F. M., & Williams, M. A. J. (2013). Reach-scale 
river dynamics moderate the impact of rapid Holocene cli-
mate change on floodwater farming in the desert Nile. Geol-
ogy, 41(6), 695–698. https://​doi.​org/​10.​1130/​G34037.1

Marks, L., Salem, A., Welc, F., Nitychoruk, J., Chen, Z., Blaauw, 
M., Zalat, A., Majecka, A., Szymanek, M., Chodyka, M., 
Tołoczko-Pasek, A., Sun, Q., Zhao, X., & Jiang, J. (2018). 
Holocene lake sediments from the Faiyum Oasis in Egypt: 
A record of environmental and climate change. Boreas, 
47(1), 62–79. https://​doi.​org/​10.​1111/​bor.​12251

Marks, L., Welc, F., Woronko, B., Krzymińska, J., Rogóż-
Matyszczak, A., Szymanek, M., Holuša, J., Nitychoruk, J., 
Chen, Z., Salem, A., & Zalat, A. (2022). High-resolution 
insight into the Holocene environmental history of the 
Burullus Lagoon in northern Nile delta. Egypt. Quaternary 
Research, 107, 87–103. https://​doi.​org/​10.​1017/​qua.​2021.​63

Marks, E. A. (1993). Climatic and cultural changes in the 
Southern Atbai, Sudan, from the fifth through the third 
millennium BC. In Environmental change and human 
culture in the Nile basin and Northern Africa until the 
second millennium BC (Vol 3, pp. 431–438). Poznan.

Marshall, M. H., Lamb, H. F., Davies, S. J., Leng, M. J., Kubsa, 
Z., Umer, M., & Bryant, C. (2009). Climatic change in 
northern Ethiopia during the past 17,000 years: A diatom 
and stable isotope record from Lake Ashenge. Palaeoge-
ography, Palaeoclimatology, Palaeoecology, 279(1–2), 
114–127. https://​doi.​org/​10.​1016/j.​palaeo.​2009.​05.​003

Marshall, M. H., Lamb, H. F., Huws, D., Davies, S. J., Bates, 
R., Bloemendal, J., et  al. (2011). Late Pleistocene and 
Holocene drought events at Lake Tana, the source of the 
Blue Nile. Global and Planetary Change, 78(3–4), 147–
161. https://​doi.​org/​10.​1016/j.​glopl​acha.​2011.​06.​004

Mawson, R., & Williams, M. A. J. (1984). A wetter climate in 
eastern Sudan 2,000 years ago? Nature, 308, 49–51.

Meresa, Y., Ruiz-Giralt, A., Beldados, A., Lancelotti, C., & 
D’Andrea, A. C. (2024). Pre-Aksumite and Aksum-
ite agricultural economy at Ona Adi, Tigrai (Ethiopia): 
First look at a 1000-year history. African Archaeological 
Review. https://​doi.​org/​10.​1007/​s10437-​024-​09574-9

Michels, J. W. (1994). Regional political organization in the 
Axum-Yeha area during the Pre-Axumite and Axumite 
eras. Etudes Éthiopiennes, 1, 61–80.

Michels, J. W. (1988). The Axumite kingdom: A settlement 
archaeology perspective. In A. A. Gromyko (Ed.), Pro-
ceedings of the Ninth International Congress of Ethio-
pian Studies (pp. 173–183). Nauka Publishers.

https://doi.org/10.1179/1461410313Z.00000000018
https://doi.org/10.1134/S0012496614050019
https://doi.org/10.1134/S1062359018060067
https://doi.org/10.1134/S1062359018060067
https://doi.org/10.1016/j.scitotenv.2015.05.122
https://doi.org/10.1016/j.scitotenv.2015.05.122
https://doi.org/10.1016/j.catena.2015.08.011
https://doi.org/10.1016/j.catena.2015.08.011
https://doi.org/10.1016/j.quaint.2013.11.024
https://doi.org/10.1016/j.quaint.2013.11.024
https://doi.org/10.1016/j.quascirev.2018.09.005
https://doi.org/10.1525/aa.2003.105.3.515
https://doi.org/10.1006/qres.1998.1965
https://doi.org/10.1130/G34037.1
https://doi.org/10.1111/bor.12251
https://doi.org/10.1017/qua.2021.63
https://doi.org/10.1016/j.palaeo.2009.05.003
https://doi.org/10.1016/j.gloplacha.2011.06.004
https://doi.org/10.1007/s10437-024-09574-9


Afr Archaeol Rev	

Vol.: (0123456789)

Michels, J. W. (2005). Changing settlement patterns in the 
Aksum-Yeha region of Ethiopia: 700 BC–AD 850. (BAR 
International Series 1446). Archaeopress, Oxford.

Milner, S. G., Jost, M., Taketa, S., Mazón, E. R., Himmelbach, 
A., Oppermann, M., et  al. (2019). Gene bank genom-
ics highlights the diversity of a global barley collection. 
Nature Genetics, 51(2), 319–326.

Mologni, C., Bruxelles, L., Schuster, M., Davtian, G., Ménard, 
C., Orange, F., et  al. (2021). Holocene East African 
monsoonal variations recorded in wave-dominated clas-
tic paleo-shorelines of Lake Abhe, Central Afar region 
(Ethiopia & Djibouti). Geomorphology, 391, 107896. 
https://​doi.​org/​10.​1016/j.​geomo​rph.​2021.​107896

Mologni, C., Revel, M., Bastian, L., Bayon, G., Bosch, D., 
Khalidi, L., & Vigier, N. (2022). Enhanced continental 
weathering ( δ 7 Li, ε Nd) during the rise of East Afri-
can complex polities: An early large-scale anthropogenic 
forcing? Comptes Rendus. Géoscience, 354(G2), 319–
337. https://​doi.​org/​10.​5802/​crgeos.​169

Morris, G. P., Ramu, P., Deshpande, S. P., Hash, C. T., Shah, 
T., Upadhyaya, H. D., et al. (2013). Population genomic 
and genome-wide association studies of agroclimatic 
traits in sorghum. Proceedings of the National Academy 
of Sciences, 110(2), 453–458.

Munro-Hay, S. (1991). Aksum: An African civilization of late 
antiquity. Edinburgh University Press.

Natural Earth (2023). Free Vector and Raster Map Data. 
Online available at https://​www.​natur​alear​thdata.​com/

Negash, A., & Marshall, F. (2021). Early hunters and herders 
of northern Ethiopia: The fauna from Danei Kawlos. 
SINET: Ethiopian Journal of Science, 44(2), 251–222. 
https://​doi.​org/​10.​4314/​sinet.​v44i2.8

Parker, A. G., Goudie, A. S., Stokes, S., et al. (2006). A record 
of Holocene climate change from lake geochemical analy-
ses in Southeastern Arabia. Quaternary Research., 66(3), 
465–476. https://​doi.​org/​10.​1016/j.​yqres.​2006.​07.​001

Pasam, R. K., Sharma, R., Walther, A., Özkan, H., Graner, A., & 
Kilian, B. (2014). Genetic diversity and population structure 
in a legacy collection of spring barley landraces adapted to a 
wide range of climates. PLoS ONE, 9(12), e116164.

Pavan, S., Bardaro, N., Mangini, G., Taranto, F., Catalano, D., 
Montemurro, C. (2019). Genotyping by sequencing of 
cultivated lentil (Lens culinaris Medik.) highlights popu-
lation structure in the Mediterranean gene pool associ-
ated with geographic patterns and phenotypic variables. 
Frontiers in Genetics, 10, 469240.

Phillipson, D. W. (1977). The excavation of Gobedra rock-shel-
ter, Axum: An early occurrence of cultivated finger mil-
let in northern Ethiopia. AZANIA J. Br. Inst. East. Afr., 
12, 53–82. https://​doi.​org/​10.​1080/​00672​70770​95112​48

Phillipson, D. W. (1998). Ancient Ethiopia: Aksum, its anteced-
ents and successors. British Museum Press.

Phillipson, D. W. (2000). Archaeology at Aksum, Ethiopia, 
1993–1997. Volumes 1–2. London: The British Institute in 
Eastern Africa and the Society of Antiquaries of London.

Phillipson, D. W. (2012). Foundations of an African civi-
lisation: Aksum spsampsps the northern horn, 1000 
BC-1300 AD. Boydell spsampsps Brewer Ltd.

Poets, A. M., Fang, Z., Clegg, M. T., & Morrell, P. L. (2015). 
Barley landraces are characterized by geographically het-
erogeneous genomic origins. Genome Biology, 16, 1–11.

Revel, M., Colin, C., Bernasconi, S., Combourieu-Nebout, N., 
Ducassou, E., Grousset, F. E., Rolland, Y., Migeon, S., 
Bosch, D., Brunet, P., Zhao, Y., & Mascle, J. (2014). 
21,000 years of Ethiopian African monsoon variability 
recorded in sediments of the western Nile deep-sea fan. 
Regional Environmental Change, 14(5), 1685–1696. 
https://​doi.​org/​10.​1007/​s10113-​014-​0588-x

Revel, M., Ducassou, E., Skonieczny, C., Colin, C., Bastian, L., 
Bosch, D., Migeon, S., & Mascle, J. (2015). 20,000 years 
of Nile River dynamics and environmental changes in the 
Nile catchment area as inferred from Nile upper continen-
tal slope sediments. Quaternary Science Reviews, 130, 
200–221. https://​doi.​org/​10.​1016/j.​quasc​irev.​2015.​10.​030

Ruiz-Giralt, A., Nixon-Darcus, L., D’Andrea, A. C., Meresa, 
Y., Biagetti, S., & Lancelotti, C. (2023). On the verge of 
domestication: Early use of C4 plants in the Horn of Africa. 
Proceedings of the National Academy of Sciences, 120(27), 
e2300166120. https://​doi.​org/​10.​1073/​pnas.​23001​66120

Ruiz-Giralt, A., & Beldados, A. (2024). The development of 
crop production in the northern Horn of Africa: A review 
of the archaeobotanical evidence. Azania: Archaeologi-
cal Research in Africa, pp 1–30. https://​doi.​org/​10.​1080/​
00672​70X.​2024.​23165​18 

Sadr, K. (1991). The development of nomadism in ancient 
Northeast Africa. University of Pennsylvania press.

Scott, M. F., Botigué, L. R., Brace, S., Stevens, C. J., Mullin, V. 
E., Stevenson, A., et al. (2019). A 3,000-year-old Egyp-
tian emmer wheat genome reveals dispersal and domesti-
cation history. Nature Plants, 5(11), 1120–1128.

Sergew, H. (1972). Ancient and medieval Ethiopian history of 
1270. Addis Ababa: United Printers.

Stanley, J. D., Krom, M. D., Cliff, R. A., & Woodward, J. C. 
(2003). Short contribution: Nile flow failure at the end of 
the Old Kingdom, Egypt: Strontium isotopic and petro-
logic evidence. Geoarchaeology, 18(3), 395–402.

Stanley, J.-D., Ullmann, T., & Lange-Athinodorou, E. (2021). 
Holocene aridity-induced interruptions of human activity 
along a fluvial channel in Egypt’s Northern Delta. Qua-
ternary, 4(4), 39. https://​doi.​org/​10.​3390/​quat4​040039

Stiehler, W. (1948). Studien zur Landwirtschafts und Sied-
lungsgeographic Athiopians. Erdkunde, 2, 257–282.

Street, F., & Grove, A. (1976). Environmental and climatic impli-
cations of late Quaternary lake-level fluctuations in Africa. 
Nature, 261, 385–390. https://​doi.​org/​10.​1038/​26138​5a0

Street, F. A., & Grove, A. T. (1979). Global maps of lake-level fluc-
tuations since 30,000 yr B.P. Quaternary Research, 12(1), 
83–118. https://​doi.​org/​10.​1016/​0033-​5894(79)​90092-9

Sulas, F., Madella, M., & French, C. (2009). State formation 
and water resources management in the Horn of Africa: 
The Aksumite Kingdom of the northern Ethiopian high-
lands. World Archaeology, 41(1), 2–15. https://​doi.​org/​
10.​1080/​00438​24080​26682​71

Sulas, F. (2014). Aksum: Water and urbanization in Northern Ethi-
opia. In T. Tvedt, & T. Ostigard, (Eds.), A history of water 
(Series 3, vol. 1). From Jericho to cities in the seas: A history 
of urbanization and water systems. London: I. B. Tauris.

Telford, R. J., & Lamb, H. F. (1999). Groundwater-mediated 
response to Holocene climatic change recorded by the 
diatom stratigraphy of an Ethiopian Crater Lake. Qua-
ternary Research, 52(1), 63–75. https://​doi.​org/​10.​1006/​
qres.​1999.​2034

https://doi.org/10.1016/j.geomorph.2021.107896
https://doi.org/10.5802/crgeos.169
https://www.naturalearthdata.com/
https://doi.org/10.4314/sinet.v44i2.8
https://doi.org/10.1016/j.yqres.2006.07.001
https://doi.org/10.1080/00672707709511248
https://doi.org/10.1007/s10113-014-0588-x
https://doi.org/10.1016/j.quascirev.2015.10.030
https://doi.org/10.1073/pnas.2300166120
https://doi.org/10.1080/0067270X.2024.2316518
https://doi.org/10.1080/0067270X.2024.2316518
https://doi.org/10.3390/quat4040039
https://doi.org/10.1038/261385a0
https://doi.org/10.1016/0033-5894(79)90092-9
https://doi.org/10.1080/00438240802668271
https://doi.org/10.1080/00438240802668271
https://doi.org/10.1006/qres.1999.2034
https://doi.org/10.1006/qres.1999.2034


	 Afr Archaeol Rev

Vol:. (1234567890)

Terwilliger, V. J., Eshetu, Z., Huang, Y., Alexandre, M., Umer, 
M., & Gebru, T. (2011). Local variation in climate and 
land use during the time of the major kingdoms of the 
Tigray Plateau in Ethiopia and Eritrea. CATENA, 85(2), 
130–143. https://​doi.​org/​10.​1016/j.​catena.​2010.​08.​003

Terwilliger, V. J., Eshetu, Z., Disnar, J.-R., Jacob, J., Paul Adder-
ley, W., Huang, Y., Alexandre, M., & Fogel, M. L. (2013). 
Environmental changes and the rise and fall of civiliza-
tions in the northern Horn of Africa: An approach combin-
ing δD analyses of land-plant derived fatty acids with mul-
tiple proxies in soil. Geochimica et Cosmochimica Acta, 
111, 140–161. https://​doi.​org/​10.​1016/j.​gca.​2012.​10.​040

Tiercelin, J. J., Gibert, E., Umer, M., Bonnefille, R., Disnar, J. 
R., Lézine, A. M., et al. (2008). High-resolution sedimen-
tary record of the last deglaciation from a high-altitude 
lake in Ethiopia. Quaternary Science Reviews, 27(5–6), 
449–467. https://​doi.​org/​10.​1016/j.​quasc​irev.​2007.​11.​002

Tierney, J. E., & deMenocal, P. B. (2013). Abrupt shifts in 
Horn of Africa hydroclimate since the last Glacial Maxi-
mum. Science, 342(6160), 843–846. https://​doi.​org/​10.​
1126/​scien​ce.​12404​11

Umer, M., & Bonnefille, R. (1998). A late Glacial/late Holo-
cene pollen record from a highland peat at Tamsaa, 
Bale Mountains, South Ethiopia. Global and Planetary 
Change, 16–17, 121–129. https://​doi.​org/​10.​1016/​S0921-​
8181(98)​00025-3

Umer, M., Lamb, H. F., Bonnefille, R., Lézine, A. M., Tierce-
lin, J. J., Gibert, E., et  al. (2007). Late Pleistocene and 
Holocene vegetation history of the Bale Mountains. Ethi-
opia. Quaternary Science Reviews, 26(17–18), 2229–
2246. https://​doi.​org/​10.​1016/j.​quasc​irev.​2007.​05.​004

Van Rampelbergh, M., Fleitmann, D., Verheyden, S., Cheng, 
H., Edwards, L., De Geest, P., De Vleeschouwer, D., 
Burns, S. J., Matter, A., Claeys, P., & Keppens, E. 
(2013). Mid- to late Holocene Indian Ocean monsoon 
variability recorded in four speleothems from Socotra 
Island, Yemen. Quaternary Science Reviews, 65, 129–
142. https://​doi.​org/​10.​1016/j.​quasc​irev.​2013.​01.​016

Vavilov, N. I. (1926). Centers of Origin of Cultivated Plants., 
13, 1–64.

Vavilov, N. I. (1951). The origin, variation, immunity and 
breeding of cultivated plants (6). 72(6), 6. https://​doi.​org/​
10.​1097/​00010​694-​19511​2000-​00018

Vavilov, N. I. (1996) Five continents. 198 p.
Vincentelli, I. (2006). Hillat El-Arab: The joint Sudanese-Ital-

ian expedition in the Napatan Region, Sudan. SARS.
Wagner, B., Wennrich, V., Viehberg, F., Junginger, A., Kolven-

bach, A., Rethemeyer, J., Schaebitz, F., & Schmiedl, G. 
(2018). Holocene rainfall runoff in the central Ethiopian 
highlands and evolution of the River Nile drainage sys-
tem as revealed from a sediment record from Lake Dendi. 
Global and Planetary Change, 163, 29–43. https://​doi.​
org/​10.​1016/j.​glopl​acha.​2018.​02.​003

Welsby, D. A., Macklin, M. G., & Woodward, J. C. (2002). 
Human responses to Holocene environmental changes in 
the northern Dongola reach of the Nile. In R. Friedman 
(Ed.), Egypt and Nubia: Gifts of the desert (pp. 28–41). 
British Museum Press.

Wilkinson, T. J. (1999). Settlement, soil erosion, and terraced 
agriculture in highland Yemen: A preliminary statement. 

Proceedings of the Seminar for Arabian Studies, 29, 
183–191.

Wilkinson, T. J. (2006). From highland to desert: The organiza-
tion of landscape and irrigation in Southern Arabia. In J. 
Marcus & C. Stanish (Eds.), Agricultural strategies (pp. 
38–70). Cotsen Insitute of Archaeology.

Williams, M. A. J., Williams, F. M., Duller, G. A. T., Munro, 
R. N., el Tom, O. A. M., Barrows, T. T., et  al. (2010). 
Late Quaternary floods and droughts in the Nile valley, 
Sudan: New evidence from optically stimulated lumines-
cence and AMS radiocarbon dating. Quaternary Science 
Reviews, 29(9–10), 1116–1137. https://​doi.​org/​10.​1016/j.​
quasc​irev.​2010.​02.​018

Williams, M. A. J, Adamson, D. A. (1980). Late quaternary 
depositional history of the Blue and White Nile Rivers in 
Central Sudan. In: Williams, & Faure (Eds.), The Sahra 
and the Nile (pp. 281–304). A Balkema, Rotterdam.

Winchell, F., Brass, M., Manzo, A., Beldados, A., Perna, V., 
Murphy, C., & Fuller, D. Q. (2018). On the origins and 
dissemination of domesticated sorghum and pearl mil-
let across Africa and into India: A view from the Butana 
Group of the Far Eastern Sahel. African Archaeological 
Review, 35, 483–505.

Woldekiros, H. S., & D’Andrea, A. C. (2022). Complex (multi-
species) livestock keeping: Highland agricultural strategy 
in the northern Horn of Africa during the Pre-Aksumite 
(1600 BCE–400 BCE) and Aksumite (400 BCE–CE 800) 
periods. Frontiers in Ecology and Evolution, 10, 901446. 
https://​doi.​org/​10.​3389/​fevo.​2022.​901446

Woodward, J., Macklin, M., Fielding, L., Millar, I., Spencer, 
N., Welsby, D., & Williams, M. (2015a). Shifting sedi-
ment sources in the world’s longest river: A strontium 
isotope record for the Holocene Nile. Quaternary Sci-
ence Reviews, 130, 124–140. https://​doi.​org/​10.​1016/j.​
quasc​irev.​2015.​10.​040

Woodward, J. C., Williams, M. A. J., Garzanti, E., Macklin, M. 
G., & Marriner, N. (2015b). From source to sink: Explor-
ing the Quaternary history of the Nile. Quaternary Sci-
ence Reviews, 130, 3–8. https://​doi.​org/​10.​1016/j.​quasc​
irev.​2015.​10.​022

Zaky, A. S., Kashima, K., Frontalini, F., Ibrahim, M. I. A., 
Khalifa, M. M., Fukumoto, Y., Gad, D., & Behling, H. 
(2020). Mid- to Late Holocene paleoclimatic changes 
and palaeoenvironmental shifts inferred from pollen and 
diatom assemblages at Lake Hamra, Wadi El Natrun 
(Western Nile Delta, Northwestern Desert, Egypt). Qua-
ternary International, 542, 109–120. https://​doi.​org/​10.​
1016/j.​quaint.​2020.​03.​024

Zazzaro, C. (2013) The Ancient Red Sea Port of Adulis and the 
Eritrean Coastal Region: Previous investigations and 
museum collections: Previous investigations and museum 
collections. University of Michigan Press. https://​doi.​org/​
10.​30861/​97814​07311​906

Publisher’s Note  Springer Nature remains neutral with regard 
to jurisdictional claims in published maps and institutional 
affiliations.

https://doi.org/10.1016/j.catena.2010.08.003
https://doi.org/10.1016/j.gca.2012.10.040
https://doi.org/10.1016/j.quascirev.2007.11.002
https://doi.org/10.1126/science.1240411
https://doi.org/10.1126/science.1240411
https://doi.org/10.1016/S0921-8181(98)00025-3
https://doi.org/10.1016/S0921-8181(98)00025-3
https://doi.org/10.1016/j.quascirev.2007.05.004
https://doi.org/10.1016/j.quascirev.2013.01.016
https://doi.org/10.1097/00010694-195112000-00018
https://doi.org/10.1097/00010694-195112000-00018
https://doi.org/10.1016/j.gloplacha.2018.02.003
https://doi.org/10.1016/j.gloplacha.2018.02.003
https://doi.org/10.1016/j.quascirev.2010.02.018
https://doi.org/10.1016/j.quascirev.2010.02.018
https://doi.org/10.3389/fevo.2022.901446
https://doi.org/10.1016/j.quascirev.2015.10.040
https://doi.org/10.1016/j.quascirev.2015.10.040
https://doi.org/10.1016/j.quascirev.2015.10.022
https://doi.org/10.1016/j.quascirev.2015.10.022
https://doi.org/10.1016/j.quaint.2020.03.024
https://doi.org/10.1016/j.quaint.2020.03.024
https://doi.org/10.30861/9781407311906
https://doi.org/10.30861/9781407311906

	The Role of Environmental Changes in the Development of the Agricultural Economy During Pre-Aksumite and Aksumite Cultures
	Abstract 
	Résumé 
	Introduction
	Current Hypothesis on the Emergence of Agriculture in the NHE
	North-West of NHE
	East of NHE
	Locally
	Study Area
	Environmental Data
	Paleoenvironmental Records and Proxies Analyzed
	Paleoenvironmental Evolution (6000–End of AHP)
	Paleoenvironmental Evolution (End of AHP–1000 BP)
	Factors Behind Environmental Variability

	Discussion
	Climate and Development of the Agricultural Pre-Aksumite and Aksumite Culture

	Conclusion
	Acknowledgements 
	References


