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Abstract
The geomorphology of the Rufiji River delta was investigated with emphasis on the influence of the delta’s context, includ-
ing the river basin, and remote-sensed delta-plain channel connectivity and shoreline morphological, sedimentary and 
hydrodynamic variations. The Rufiji is influenced by its East African Rift Valley tectonic context, high inter-annual water 
discharge variability and large mud-dominated sediment supply. The delta exhibits 14 distributary channels, only five of 
which are currently functional and all debouching presently in a low-energy muddy north sector, probably in response to NE 
tectonic tilting of the coastal basin of Tanzania. The south sector is characterized by a clear loss of distributary connectivity 
with the main stem but this appears to have occurred gradually over time, and is not a product of sudden avulsion. This loss 
is manifested by stronger meandering and numerous meander cut-offs indicative of a weaker overall delta-plain gradient, 
and may reflect the influence of the aforementioned tilting. This sector also has more abundant beach-ridge deposits than 
the north sector. The difference in shoreline facies between the dominantly muddy north sector and the dominantly sandy 
south sector appears to reflect primarily exposure to wave energy determined by an archipelago fronting the delta, and this 
difference is presently reinforced by preferential channel sediment routing to the north and sectorial sediment sequestration. 
The Rufiji River basin and its delta represent important stakes in the development of Tanzania under the country’s rapid 
demographic growth, hydropower dam development and climate change. Eventual expected delta retreat caused by fluvial 
sediment shortage from the basin due to current and projected hydropower dams could be temporarily mitigated by sediment 
release by deforestation and by the relatively sheltered hydrodynamic setting of this delta.

Introduction

Deltas are complex landforms characterized by low topog-
raphy and are thus particularly vulnerable to catastrophic 
river floods, tsunami, cyclones, subsidence and global sea-
level rise (Anthony 2016). They are attracting diverse and 
cross-disciplinary research in response to concerns regarding 
their increasing vulnerability to human activities, notably 
as a result of reduction of sediment flux from rivers (Besset 
et al. 2019a).

The eastern seaboard of Africa between Somalia and 
Mozambique comprises numerous river deltas that have 
formed at the outlets of catchments with headwaters in the 
Eastern Arc Mountains associated with the Great Rift Valley 
(Duvail et al. 2017). Among these, the Rufiji delta (Fig. 1) 
is a particularly important coastal depocentre and the larg-
est delta in Tanzania. The Rufiji delta is a rich biodiversity 
hotspot of environmental and economic significance and a 
RAMSAR wetland of international importance. The delta, 
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like the catchment of which it is a part, is an important food 
basket for Tanzania and crystallizes factors related to envi-
ronment and water management, climate, rapid economic 
and social development and land-use changes in Tanzania 
(Duvail et al. 2007; Ellison 2015; TEEB 2018; Doggart 
et al. 2020; Geressu et al. 2020). The Rufiji delta has been 
a hotspot of research on mangrove dynamics, ecology and 
geochemistry (Erftemeijer and Hamerlynck 2005; Wagner 
and Sallema-Mutti 2010; Ellison 2015; Shaghude 2016; 
Minu et al. 2020a, b; Punwong et al. 2012, 2018; Mwevura 
et al. 2021) and at the cross-roads of a complex relation-
ship between Reduced Emissions from Deforestation and 
Degradation (REDD +) policies involving mangrove conser-
vation and socio-nature relations (Beymer-Farris and Bas-
sett 2012). Little is known, however, of its geomorphology. 
Acquiring a better understanding of the geomorphology of 
this large delta should be an important objective with high 
relevance for the future development of Tanzania, especially 
in the light of the operation of important hydro-ecological 
changes that will be compounded by the impact of current 
and future dams (Duvail et al. 2017) on the sediment supply 
issue, which is particularly pertinent to delta sustainability.

The aim of this letter is to characterize the geomorphol-
ogy and sediment dynamics of the Rufiji delta based essen-
tially on remote sensing. The results show that the Rufiji 
delta is a particularly interesting illustration of delta-plain 

and shoreline morphological diversity, a potential indicator 
of resilience in a time of important on-going changes due 
to both natural drivers in delta dynamics and the impacts of 
human activities in the Rufiji River basin.

The Rufiji River basin and delta

The Rufiji River basin (Fig. 1a) has an area of 177,420 km2, 
i.e. about 20% of Tanzania (Mwalyosi 1990), and is the 
largest in the country. The basin and present delta (Fig. 1b) 
are set in an extremely complex tectonic setting related to 
the uplift chronology associated with the East African Rift 
system and attendant sedimentation in the coastal basin of 
Tanzania (Said et al. 2015; Maselli et al. 2020; Scoon 2020). 
The regional geological history of faulting, uplift and seis-
mic activity and the relatively elevated basin relief of the 
Rufiji River (Fig. 1a) have been drivers for important fluvial 
sediment supply to the Indian Ocean, culminating notably 
in significant past landslide activity off the delta (Maselli 
et al. 2020). The present delta has developed in the shelter 
of an archipelago comprising a Mafia Island (394 km2), an 
outcrop of uplifted Pleistocene coral up to 20 m high, overly-
ing, like the mainland delta, much older deposits originat-
ing from the superimposition of the Cenozoic East African 
rifting event and uplifts during the Late Eocene (Mpanda 

Fig. 1   The Rufiji River basin with main tributaries (a), and 2020 Sentinel-2 satellite image of the delta (b)
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1997). The Rufiji River basin experiences a humid tropical 
climate comprising two seasons. Pressure gradients between 
the Intertropical Convergence Zone and anticyclones in the 
Indian Ocean generate, respectively, hot and humid mon-
soon winds from a north to northwest sector during the rainy 
season and cool, dry south to southeast trade winds from 
May to November that are dominant during the dry season 
(Mahongo et al. 2012). Data on the Rufiji River’s water dis-
charge at the only gauging station on the river at Stiegler’s 
Gorge (Fig. 1a) are incomplete, spanning 1954–1978, but 
with significant gaps (Fig. 2a). The mean annual water dis-
charge of the Rufiji River is about 800 m3/s with maximum 
flows occurring during the rainy season between March and 
May and the minimum in late October and November dur-
ing the dry season. Inter-annual variability is high (Fig. 2a). 
The sediment yield of the Rufiji is estimated, based on the 
coarse global riverine water discharge and suspended sedi-
ment transport model WBMsed v.2.0 (Cohen et al. 2014), 
at about 29 MT/yr. The Rufiji’s solid load is presumably 
largely dominated by mud, as for most large tropical deltas, 

an assumption supported by the volcanic source rocks, the 
tropical chemical weathering regime of Tanzania, and the 
mud-dominated facies of the delta.

Winds in the coastal zone of Tanzania are character-
ized by moderate speeds that peak in July between 3.7 and 
6.0 m/s. In the absence of local wave data, data culled from 
the ERA5 wave reanalysis (see the ‘Methods’ section) have 
been used to document the wave regime (Fig. 2b, c, d) off 
the Rufiji delta. The wave climate is closely related to the 
seasonal wind regime, but also to the sheltered geomorphic 
context of the delta, fronted by a relatively shallow lower 
shoreface (10–30 m) in the lee of Mafia Island and archi-
pelago, and seaward of which lies the Tanzanian continental 
shelf. Monsoon winds from N to NW generate moderate 
waves, with a tendency towards relatively calm conditions 
at the end of the monsoon season. The highest and most 
frequent offshore waves are from ESE to SE, in response to 
the highly regular and sustained trade winds from May to 
November. The mean offshore significant wave height (Hs) 
is 1.25 m based on ERA5, and 65% of all waves are between 

Fig. 2   River discharge and wave data for the Rufiji delta: a monthly 
water discharge; b, c, d significant wave heights (Hs), peak wave peri-
ods (Tp) and direction for the offshore location directly east of Mafia 
Island based on ERA5 reanalysis; e Era5 wave roses offshore and 

inshore of Mafia Island. Waves may be even more strongly refracted 
and dissipated by the archipelago than what the coarse ERA5 model 
shows
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1 and 2 m, 5% above 2 m. The highest waves are occasion-
ally close to 4 m at the height of the trade wind season. 
Waves attaining the delta shoreline refract to SW to SSW, 
and have lower heights, in the lee of Mafia Island. There are 
no tidal gauges in the vicinity of the delta. The average tidal 
range is about 2–2.5 m and approximately 3.3–4.3 m at high 
spring tides (Francis 1992; Richmond et al. 2002). Tides 
influence the river for some 40 km upstream (Kayaa 2019).

The Rufiji delta lies in the track of tropical storms and 
cyclones, although none has made landfall over the delta in 
recent years (Cyclone Kenneth, set to hit the coast of south-
ern Tanzania in April 2019, changed course to make landfall 
in Mozambique, notably over the Zambezi delta). The Rufi-
ji’s tectonic setting also involves faulting and earthquakes 
associated with the flanks of the East African Rift System, 
including a branch, the Pangani rift, that runs offshore into 
the Indian Ocean just north of the present Rufiji delta (Scoon 
2020). This setting has been associated with remobilization 
of sediment through submarine landslides, including one of 
the biggest landslides ever on Earth: the Mafia mega-slide 
(Maselli et al. 2020). This recent finding indicates that the 
coastal region of East Africa is therefore also potentially sus-
ceptible to regional tsunami, in addition to distant tsunami 
in the Indian Ocean (e.g., the 2004 Indian Ocean tsunami 
which attained the East African coast).

Materials and methods

Delta‑plain morphology and land–water changes

The morphology of the Rufiji delta was analysed from a 
high-precision MERIT global digital elevation model 
(DEM) (Yamazaki et al. 2017) at 3 arc second resolution 
(~ 90 m at the equator). MERIT DEMs eliminate major 
errors from existing DEMs, such as the NASA SRTM, and 
separate absolute bias, stripe noise, speckle noise and tree 
height bias using multiple satellite datasets and filtering 
techniques. After error removal, land areas mapped with 2 m 
or better vertical accuracy were increased from 39 to 58%. 
Significant improvements are found in flat regions where 
height errors are larger than topography variability, and 
features such as river networks become clearly represented, 
useful for landscape analysis (Yamazaki et al. 2017). Delta 
areas converted from land into water and vice versa can 
now be estimated from existing datasets in the literature. 
Among these is the Global Land Analysis and Discovery 
(GLAD) dataset (Pickens et al. 2020), which uses a prob-
ability sample-based assessment and consists of Landsat 
5, 7, and 8 scenes between 1999 and 2019. The data are 
derived for each pixel (30 × 30 m) of satellite image, and also 
show seasonal patterns of conversion for each pixel. Sev-
eral categories were identified over the 20-year period of 

observation: (1) new permanent water surfaces (land into 
permanent water), (2) loss of permanent water (permanent 
water into land). We also retained 3 stable categories: (3) 
water dominant, (4) land dominant, and (5) seasonal water 
(wet and dry periods).

River discharge and waves

The river water discharge data shown in Fig.  2a were 
retrieved from The Global Runoff Data Centre (GRDC, Kob-
lenz, Germany) for Stiegler’s Gorge station (Fig. 1a). Wave 
data (Fig. 2b, c, d) were retrieved from the European Centre 
for Medium-Range Weather Forecasts (ECMWF) ERA5 
model, a state-of-the-art climate reanalysis (Hersbach et al. 
2018), and have a 0.5° horizontal resolution. The following 
parameters were used: significant height of combined wind 
waves and swell (Hs), mean wave direction (Dir) and peak 
wave period (Tp). Three-hourly time series were obtained 
for six grid points corresponding to north, central, south and 
onshore/offshore locations of the Rufiji delta.

Delta shoreline morphology and multi‑decadal 
changes

Data on shoreline mobility and area change were obtained 
from a comparison of two high-resolution 2020 Sentinel-2 
satellite images (10-m pixel size) and two 1989 Landsat 
8 images all taken at high tide. Following previous work 
on similar delta shorelines in the Mekong (Anthony et al. 
2015), the shoreline markers used correspond to the man-
grove fringe in muddy mangrove-dominated sectors and 
dry sand, brush or plantation fringe in sandy, beach-dom-
inated sectors. These shoreline markers were confirmed in 
the course of field observations in the Rufiji delta on June 
3, 2019. Shoreline variations were calculated by overlay-
ing the coastal areas extracted in 1989 and 2020. Using 
ArcGIS®10.6, surface area differentials were determined 
to obtain annual area gains and losses. A relatively large 
uncertainty shoreline change band of ± 20 m was retained, 
which is much more than commonly used in the literature. 
The reader is referred to Besset et al. (2019b) for the com-
plete error computation methodology.

Results

The lower floodplain of the Rufiji River is up to 30 km 
wide, more or less delimited, as it merges with the delta, 
by a relatively sharp change in the orientation of the river 
from W-E to S–N (Fig. 3a). The delta plain has an area of 
about 1400 km2 and may be considered in terms of two sec-
tors, north and south, on either side of a protrusion point at 
Kiassi spit (Fig. 3a). The plain is characterized by about 14 
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inter-distributary channels. Surface water change over the 
period 1999–2019 shows that none of the channels in the 
delta south of Kiassi spit is currently connected to the main 
stem which essentially feeds five relatively parallel distribu-
taries running roughly SW-NE (Fig. 3a). The delta plain in 
the south sector is studded with numerous abandoned mean-
der belts. The delta comprises about 530 km2 of mangroves, 
the largest mangrove stand in East Africa (Erftemeijer and 
Hamerlynck 2005; Duvail and Hamerlynck 2007). The delta 
shows traces of beach ridges between inter-distributary 
channels that attest to wave reworking of open sandy shore-
line deposits. These beach ridges are more abundant in the 
south sector (Fig. 3b) and many have been truncated by past 
channel mobility. Beach ridges also bound the coast north of 
the delta. Interior delta-plain changes revealed by the GLAD 
database (Fig. 3c) show an increase in land area of 0.4 km2/
yr for the northern, active delta plain, and only 0.056 km2/yr 
for the southern decoupled plain, clearly indicating reduced 
sedimentation in this sector of the delta.

The north sector shoreline, mainly oriented SE-NW, is 
dominantly bounded by large mudflats commonly backed by 
mangroves, and, more rarely, narrow and alongshore-discon-
tinuous sandy upper beach deposits in places. This shoreline 
morphology differs from that of the south sector which is 
oriented SW-NE and dominated by sandy shorelines, except 
in Mahoro Bay in the southern extremity where muddy 
shorelines prevail again in the shelter of the numerous islets 
south of Mafia Island (Fig. 2e). The delta’s shore area shows 
a net gain between 1989 and 2020 (Fig. 3b) exceeding 7.8 
km2, of which 80% associated with the north sector and 20% 
with the south sector. The shore area gain in the north sec-
tor is only partially captured in the water-land changes in 
Fig. 3c, probably because of the difference in the timing of 
the GLAD images (1999–2019) and the shore area change 
images (1989–2020). The wave-sheltered muddy southern 
extremity of the delta is not considered in this statistical esti-
mate because of large intertidal variations, but its shoreline 
has been stable over time. There are no shoreline hotspots of 

Fig. 3   Morphology and dynamics of the Rufiji delta: a MERIT digi-
tal elevation model (DEM) with delimited sectors corresponding to 
(I) the lower floodplain; (II) the north sector of the delta plain; and 
(III) the south sector of the delta plain. Light brown (non-green) areas 
along the coast correspond to beach ridges; also shown are the limit 

of mangroves; b shore area changes retrieved from a comparison 
of Landsat 8 (1989) and Sentinel-2 images (2020); c surface water 
classes and their stability or change from the GLAD database (1999–
2019)
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massive land loss or gain. Positive (gain) or negative (loss) 
changes show a longshore pattern.

Discussion

The formation of the present Rufiji River delta is closely tied 
to a context of abundant Holocene fluvial sediment accu-
mulation and wave and current redistribution in an initial 
triangular-shaped embayment up to 80 km wide at the pre-
sent shoreline confines of the delta, and largely sheltered by 
the Mafia archipelago. Punwong et al. (2012, 2018) showed, 
from shallow cores (1.5 m) about 10 km from the sea in 
the north sector of the delta calibrated to mean tide level 
(MTL) relative to a benchmark at Kibiti (Fig. 1a), 14C ages 
ranging from modern (+ 3.22 m MTL) to 5711–5486 cal 
BP. (− 0.97 m MTL), and documented local accumulation 
rates of up to 3 mm/a. The cores show about 1.1 m of silt 
overlying sand. The discussion will focus on the following 
two overarching themes and their intermeshing with the par-
ticular environmental context of the Rufiji: (1) delta-plain 
channel changes and (2) delta shoreline facies.

Delta‑plain channel changes

A distinctive feature of the Rufiji delta is the large number of 
its distributaries, indicative of abundant water and sediment 
routing, although nearly a third of these distributaries are no 
longer active. Many deltas develop resilience and adapt to 
changes in sediment supply, commonly through enhanced 
within-delta sediment sequestration notably by re-organiz-
ing their channels and, where possible, alongshore transport 
processes to limit alongshore export of sediment (Anthony 
2015). Delta distributaries are often considered features 
tied in competition for water and liquid discharge in tran-
sit through the river main stem (Frazier 1967; Elliot 1986; 
Jerolmack 2009; Moodie et al. 2019), although they also 
provide pathways for the formation of new channel bifurca-
tions and lobes (Tamura et al. 2012). The competition may 
culminate in the gradual downgrading of one distributary (or 
more) to the benefit of the other(s), notably through increas-
ing diversion of discharge or through sudden and wholesale 
channel switches or avulsions (Jerolmack 2009), which are 
generally rare (Moodie et al. 2019).

Little is known of the history of the Rufiji delta distribu-
taries in the absence of an established absolute geochrono-
logical framework. In addition to a complex and active geo-
logical setting, at a more contemporary scale, the Rufiji basin 
has been subject to significant fluctuations in water discharge 
(Fig. 2a) that, according to Minu et al. (2020a, b), have led to 
changes in the hydrology of the inter-distributary channels 
and their courses in recent history, with important implica-
tions of this flow routing for spatio-temporal variations in 

delta salinity gradients, mangrove geochemistry and proba-
bly agricultural choices. These recent changes are attested by 
the numerous meander belt cut-offs. Important hydrological 
fluctuations over the last five decades have been identified by 
Erftemeijer and Hamerlynck (2005) and Hamerlynck et al. 
(2011) who also associated them with significant changes 
in fluvial-plain hydrological connectivity and mangrove 
ecology. Beymer-Farris and Bassett (2012) have evoked the 
consequences, in terms of narratives on land-use of the delta 
at the expense of mangroves, of the exceptional flood event 
in 1968 (unfortunately a data-gap year, Fig. 2a) that was 
deemed to have resulted in a northward ‘diversion’ of the 
Rufiji’s main stem discharge towards the five currently func-
tional north-sector distributaries. Wagner and Sallema-Mtui 
(2010) argued that this change occurred in 1978, which is 
not a year of exceptional discharge (Fig. 2a). Beymer-Farris 
and Bassett (2012) have shown, in a compelling analysis 
of the complex competing views on agriculture and envi-
ronmental protection in the delta, how the purported larger 
freshwater discharge has been tied up, in Tanzanian narra-
tive, with increased human transformation of the north sec-
tor since the 1970s manifested by an upsurge in rice farming 
at the expense of mangroves.

The south sector of the Rufiji delta exhibits abundant 
abandoned channel meander belts but no evidence of whole-
sale channel avulsions. Abandoned inter-distributary delta 
lobes no longer sourced by fresh sediment inputs are com-
monly subject to marine reworking, and where waves are 
active, to shoreline straightening, often resulting in the for-
mation of retreating sand barriers and spits as sand is con-
centrated into coherent bodies and ambient mud dispersed, 
eventually culminating in lobe demise (Anthony 2015). 
Although the dominant channelling of flow should be to the 
advantage of the north sector of the Rufiji delta, there is little 
evidence of large-scale erosion of the shorelines of the south 
sector (Fig. 3b). The changes in macroscale channel hydrol-
ogy of the Rufiji delta embodied by main stem flow diver-
sion to the north sector may simply reflect a threshold drop 
in competence of the south channels manifested by much 
stronger meandering (weaker gradient) and the influence of 
backwater dynamics resulting from past progradation. The 
distinct change in orientation of the Rufiji main stem from 
W-E to S–N in its connectivity with the north-sector distrib-
utaries (Fig. 3a) may, however, also reflect long-term tilting 
of the coastal basin of Tanzania. The abrupt change occurs 
at a point where the main stem is only 20 km away directly 
from the south-sector shoreline, compared to a more distant 
30 km for the north-sector shoreline. This tilting hypothesis 
is consistent with the extensive tectonic activity that has 
had an overarching influence on river orientations and large 
sediment supply to the coast by the Rufiji River (Said et al. 
2015; Maselli et al. 2020). This tilting appears to be consist-
ent with an ocean dip of the eastern flank of the Pangani rift 
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shoulder in Tanzania which runs SE seaward and intersects 
the coast of Tanzania just north of the Rufiji delta (Scoon 
2020). Whatever the true reasons for the diversion of flow 
to the north sector channels, it would seem that both deltaic 
sectors prograded concurrently under multiple distribu-
tary channel activity, as attested by the limited 14C data  
(Punwong et al. 2012) available for the north sector.

Delta shoreline facies

The difference in shoreline facies between the dominantly 
muddy north sector and a dominantly sandy south sector 
may reflect (1) primarily exposure to wave energy deter-
mined by the archipelago fronting the delta (Fig. 2e), and 
this difference is probably presently reinforced by (2) prefer-
ential channel sediment routing to the north (Fig. 3a) and (3) 
sectorial sediment sequestration. Regarding condition 1, the 
Mafia Island and associated archipelago and the dominant 
provenance of the most energetic waves from the SE imply 
marked alongshore variations in wave energy from south 
to north: (a) a low-energy window for the muddy extreme-
southern mouth in Mahoro Bay, presumably strongly 
tide-influenced corner with tidal pumping dominating 
the dynamics of the channels; (b) a more energetic wave-
dominated window along much of the sandy south-sector 
shorelines between the archipelago and Mafia Island, again 
with tidal pumping maintaining the freshwater-disconnected 
distributary channels; and (c) dominantly muddy low-energy 
north-sector shorelines sheltered from direct SE wave influ-
ence by Mafia Island, and with distributary mouths strongly 
influenced by river discharge and subsidiary tidal pumping 
that presumably assumes more importance in the dry sea-
son. The SW-NE orientation of these muddy north-sector 
shorelines implies significant refraction and damping of the 
higher energy SE waves propagating through windows in 
the archipelago. Condition 2 corresponds to the current pro-
pensity of the north sector distributaries to convey much of 
the presumably largely mud-dominant sediment load of the 
Rufiji. Condition 3 refers to the capacity of shoreline sectors 
to sequester sediments exiting through distributary mouths.

An 1885 map of the delta dating back to the time when 
Tanzania was part of colonial German East Africa (Fig. 4a) 
shows much the same shoreline morphology as at present, 
thus suggesting relative overall delta plan-shape equilibrium, 
the southern shorelines being relatively straight and the 
northern more indented. In fact, the shoreline in the south 
sector shows a slight gain in area between 1989 and 2020. 
This may indicate the operation of episodic fluvial sediment 
supply to this sector and efficient sediment sequestration 
aided by net tidal sediment import. Inter-annual discharge 
variability is so high (Fig. 2a) in the Rufiji basin that tem-
porary connectivity between the main stem and the ‘aban-
doned’ south-sector distributaries is probably established 

during very high-discharge years, enabling temporary 
resumption of water and sediment routing. This hypothesis 
needs, however, to be verified by much better monitoring 
and modelling of hydrological connectivity in the Rufiji 
basin and delta.

The overall morphological context of delta development 
in the shelter of Mafia Island and its archipelago and the 
moderate wave-energy setting of the Rufiji delta in the lee 
of this archipelago entail a high capacity for Holocene sedi-
ment sequestration. Sediment sequestration in the confines 
of deltas is considered a key element in their self-mainte-
nance (Anthony 2015) and in tempering their vulnerability 
to sediment losses induced, for instance, by upstream dams 
(e.g. Besset et al. 2019a) or diversion of discharge. Clearly, 
there have been periods in the geological history of the Rufiji 
River when sediment supply directly to the shelf, with or 
without the sheltering effect of the Mafia archipelago, had 
been so massive as to source major landslides in the Indian 
Ocean, as epitomized by the early mid-Miocene Mafia land-
slide identified by Maselli et al. (2020).

Sediment sequestration concerns both fine-grained load 
that is fundamental to maintenance of the elevation of 
the delta plain, and bedload that forms the fringing sand 
beaches. The relatively straight sandy shorelines between the 
distributary mouths of the south sector may be responding 
to the shutdown of sediment supply concomitant with wave 
reworking of sand, but with no overall loss, due to the opera-
tion of several separate bidirectional drift cells separated by 
the distributary channel mouths (Fig. 4b). Under these con-
ditions, sand is stored in river-mouth bars and redistributed 
alongshore under seasonally changing longshore transport 
directions induced by the Monsoon- and trade wind-gener-
ated waves off the coast of Tanzania. These transport pat-
terns are commonly a manifestation of local delta shoreline 
sand sequestration (i.e., no alongshore sand leakage) that 
prevents the progressive demise of inter-distributary lobes 
(Anthony 2015).

From measurements of salinity and suspended sediment 
concentrations (SSC) throughout the Rufiji delta and along 
a transect from inter-distributary channels to 10-km off-
shore, Francis (1992) showed a clear separation of inshore 
and offshore waters, with significant trapping of low-salinity 
water and suspended sediment inshore and over mangrove 
swamps in the delta plain, and very little offshore transport 
of suspended sediment. This observation is confirmed by the 
well-defined inshore band of suspended sediment transport 
on satellite images (Figs. 1b and 2e). SSC ranged from less 
than 490 for waters in the lower estuarine reaches to about 
1000 mg/l for the inshore waters and then very suddenly 
dipped to zero at the offshore location. Francis (1992) attrib-
uted this trapping to alongshore stretching of outflowing sed-
iment-charged freshwater in the inshore zone under the influ-
ence of the East African Coastal Current, a monsoon-driven 
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coastal current. This trapping of freshwater and suspended 
sediment may have favoured the high rate of accretion and 
significant mangrove development identified by Punwong 
et al. (2018) in the north sector of the delta, while inhibiting 
carbon export offshore (Francis 1992).

From the foregoing discussion, a number of the overarch-
ing elements of the varied geomorphology, channel connec-
tivity, energy context and shoreline facies of the Rufiji delta, 
reflecting inferred tectonic influence, differential alongshore 

exposure to waves and water and sediment routing, are sum-
marized in Fig. 5.

Perspectives

Beyond the foregoing aspects of delta geomorphology, some of 
which need to be verified and others bolstered by forthcoming 
studies, the future stability of the Rufiji delta, like that of many 
deltas worldwide, will be determined by sustained sediment 

Fig. 4   1885 map of the Rufiji delta edited by the German colonial 
authorities (a), and bidirectional sediment cells on a Google-Earth 
image in the southern, strongly wave-influenced sector of the delta 

(b). 1885 map provenance: ‘The Universal Geography’ by Élisée 
Reclus, Ed. by A.H. Keane, Published by J.S. Virtue & Co., London. 
Credit: alamy.com
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supply to counter sea-level rise (Anthony 2016; Besset et al. 
2019a) and by delta resilience in the face of multiple environ-
mental and human pressures (Hoitink et al. 2020). The Rufiji 
basin and its delta embody important stakes in the economic 
development of Tanzania, and these stakes will increasingly 
assume greater importance in a context of rapid demographic 
growth, hydropower development, deforestation and climate 
change. Much of the basin is targeted by the government of 
Tanzania for socioeconomic development as part of the South-
ern Agricultural Growth Corridor of Tanzania (SAGCOT) and 

is a major Tanzanian example of the interdependent water‐
energy‐food‐environmental (WEFE) ‘nexus’ sectors, supply-
ing water for around 4.5 million people and generating 80% 
of Tanzania’s hydropower (Geressu et al. 2020). The Rufiji 
basin is also subject, like the rest of Tanzania, to agriculture-
driven deforestation (Doggart et al. 2020). Several new dams 
and run‐of‐river hydropower plants are planned in the Rufiji 
basin. Among these are the future Julius Nyerere Hydropower 
Project (JNHP) at Stiegler’s Gorge (Fig. 1a) on the river’s main 
stem that will potentially control 95% of the river’s discharge 

Fig. 5   A conceptualized syn-
thesis of morpho-sedimentary, 
hydrological and hydrodynamic 
aspects of the Rufiji River delta 
superimposed on a DEM of the 
delta plain with indicative limits 
between units: (I) downstream 
part of the lower Rufiji River 
floodplain; (II) north delta-plain 
sector with currently active dis-
tributary channels and prograd-
ing muddy low wave-energy 
shorelines strongly influenced 
by river outflow and enhanced 
tidal pumping in the dry season; 
(III) south delta-plain sector 
with distributary channels dis-
connected from the Rufiji main 
stem, probably with episodic 
temporary hydrological con-
nectivity with main stem during 
very high river discharge years, 
and subjected to tidal pumping, 
bounded by dominantly sandy 
shorelines strongly influenced 
by wave action but with bidirec-
tional longshore transport cells 
that assure overall shoreline 
sand-budget stability; and 
(IV) muddy, wave-sheltered 
Mahoro Bay shoreline strongly 
influenced by tidal pumping. 
The relatively sharp northward 
turn of the Rufiji River may be a 
result of tectonic tilting
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in order to cater to hydropower production, export-oriented 
irrigation of several hundred thousand hectares of agricultural 
land in the lower Rufiji floodplain, and to assure flood control 
(Geressu et al. 2020). Depending on the dam operation mode, 
this major enterprise, coupled with the variability of the river’s 
discharge, could radically transform the delta by curtailing 
sediment supply to the coast (Duvail and Hamerlynck 2007; 
Hamerlynck et al. 2011; Duvail et al. 2013; Shaghude 2016; 
WWF 2018). The expected sediment reduction could eventu-
ally impair the resilience of the delta, especially in a context of 
sea-level rise. Delta retreat caused by fluvial sediment shortage 
from the basin due to current and projected hydropower dams 
could be temporarily mitigated by sediment release by basin 
deforestation, which is being rapidly driven by agriculture in 
Tanzania (Doggart et al. 2020), and by the relatively sheltered 
hydrodynamic setting of this delta. More detailed studies of the 
geomorphology of the Rufiji delta should contribute to a better 
appreciation of these aspects, while throwing light on the envi-
ronmental context in which human-nature relationships will 
play out in the future in a delta subject to demographic growth 
and pressure on mangroves, climate change and sea-level rise.
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