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Abstract Lake Tanganyika is the second largest freshwa-
ter lake in the world by volume and is of prime importance
for the regional economy in East Africa. Although the lake
is recognized as a key component of the regional climate
system, little is known about atmospheric dynamics in its
surroundings. To understand this role, we analyze winds
around Lake Tanganyika as modeled by a high resolution
(7 km) regional climate model (Consortium for Small-scale
Modeling in Climate Mode) over the period 1999-2008.
Modeled surface wind speed and direction are in very good
agreement with high resolution (12.5 km) Quick Scat-
terometer (QuikSCAT) satellite wind observations during
the dry season. Comparison of a control run with a model
simulation where all lake pixels are replaced by representa-
tive land pixels indicates that mean surface wind speed
over Lake Tanganyika almost doubles due to lake pres-
ence. Furthermore, a region of higher surface wind speed
in the central part of the lake is identified and confirmed
by QuikSCAT observations. A combination of wind chan-
neling along valley mountains and wind confluence on the
upwind side of the lake is responsible for this speed-up.
The lower wind speeds in the rest of the lake result from
blocked conditions due to more pronounced orography.
Finally, the model captures a zone of higher wind speed at
around 2 km height, associated with the low-level Somali
jet. These results demonstrate that high resolution climate
modeling allows a detailed understanding of wind dynam-
ics in the vicinity of Lake Tanganyika.
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1 Introduction

Lake Tanganyika is located in the East African Great Rift
Valley between Democratic Republic of Congo in the west,
Burundi in the northeast, Tanzania in the east and Zambia
in the south. The lake is relatively long (~650 km) and nar-
row (~50 km). It is the second largest freshwater lake in
the world in terms of volume (18,900 km3) and the second
deepest (maximum depth of 1470 m). It is confined by
valley mountains reaching up to 3000 m in the north and
2000 m in the south, while the central part around 6.5°S
latitude is relatively flat (Fig. 1). The lake surface is at 773
m altitude.

Lake Tanganyika is of prime importance for both the
regional economy and the regional climate. On the one
hand, local population strongly depends on fish industry,
drinking water and electricity production provided by the
lake. On the other hand, the lake intensively interacts with
the surrounding atmosphere in a complex way. The latter
aspect is studied here.

Atmospheric circulation in East Africa is governed by
(south)westerly Congo Air, and northeasterly and south-
easterly monsoons (Nicholson 1996). Congo Air is ther-
mally unstable and associated with rainfall, while both
monsoons are thermally stable and relatively dry.

The region around Lake Tanganyika experiences a cool
(~25°C) dry season from May to September and a warm
(~28°C) wet season from October to April (Verburg and
Hecky 2003). Savijéirvi and Jarvenoja (2000) identify a long
rain season in March—April, a main dry season from June to
August and a short rain season in October—-November. The
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Fig. 1 Surface elevation of the model domain [source: Global Land
One-kilometer Base Elevation (GLOBE), Hastings et al. (1999)].
Rectangles denote the three lake regions, each including 135 model
pixels (N, C and S stand for north, center and south respectively).
Dashed gray lines show the four transects analyzed in this study (77,
12,73,T4)

dry season is characterized by relatively strong southeast-
erly winds, while weaker winds blow during the wet season
(Savijarvi 1997; Verburg and Hecky 2003).

Winds around Lake Tanganyika are influenced by the
Intertropical Convergence Zone (ITCZ) dynamics (trade
winds), orography (slope winds) and lake thermal effect
(lake and land breezes). According to a two-dimensional
mesoscale model integration during three consecutive days
in July, half of the diurnal wind variation is caused by slope
winds, one quarter is due to lake and land breezes, and the
last quarter comes from trade winds (Savijarvi 1997). In
addition, the High Resolution Limited Area Model (HIR-
LAM) is integrated at a resolution of 5.5 km over the Lake
Tanganyika region during the months of March and July
1994 and allows to identify high lake evaporation in July
(dry season) and land evaporation in March (wet season)
(Savijérvi and Jarvenoja 2000).

Wind patterns observed at three automatic weather land
stations and two offshore buoys around the lake over the
period 1993-1996 show (daytime) lake and (nighttime) land
breezes enhanced by southeasterly trade winds (Verburg
and Hecky 2003). The atmosphere above Lake Tanganyika
is almost always unstable due to higher lake surface water
temperature (LSWT) compared to the overlying surface air
(Verburg and Antenucci 2010). This instability leads to an
increase in heat loss by latent and sensible heat fluxes.
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The impact of African Great Lakes on atmospheric
dynamics and hydrological cycle is assessed in Thiery et al.
(2015). In the latter study, the Consortium for Small-scale
Modeling in Climate Mode (COSMO-CLM, version 4.8)
coupled to both the Community Land Model (CLM ver-
sion 3.5) and the one-dimensional Freshwater Lake model
(FLake) is used to dynamically downscale a Coordinated
Regional Climate Downscaling Experiment for Africa
(CORDEX-Africa) at a 7-km horizontal resolution over
the period 1999-2008. The model is extensively evaluated
in terms of LSWT, precipitation, air temperature and sur-
face energy fluxes against different dataset. A good model
performance is found for the first two parameters with a
slightly warm LSWT model bias. Furthermore, the Afri-
can Great Lakes have a cooling effect on the surround-
ing atmosphere (—0.6 to —0.9 °C on average) and almost
double annual precipitation over their surface. This study
clearly shows the added value of resolving individual lakes
with a high resolution climate model (Thiery et al. 2015).

During the last century (1913-2000), the lake water
temperature has increased by ~1.3°C at the surface and
~0.2°C at 1000 m depth (Verburg and Hecky 2009; Krae-
mer et al. 2015). This differential heating over depth is
responsible for a reduction in biological productivity due to
reduced vertical mixing. The recent increase in LSWT and
decrease in primary productivity exceed the natural varia-
bility range (Tierney et al. 2010). The projected warming in
East Africa [0.5-6 °C by the end of the century relative to
present-day climate; Niang et al. (2014)] could exacerbate
the risks for natural species living in the lake, and thus local
economies depending on the lake. Moreover, the growing
human population in the region will contribute to the ongo-
ing deforestation, which could induce an additional warm-
ing of about 0.7 °C by 2050 (Akkermans et al. 2013, 2014).

In the current global warming context, the economic
role of Lake Tanganyika in feeding local population is
threatened and the whole region could experience severe
weather changes. It is thus highly important to understand
the regional climate that surrounds Lake Tanganyika. The
present paper aims at providing more accurate details about
one of the key elements of the regional climate, namely
wind, in the region surrounding Lake Tanganyika using
COSMO-CLM model coupled to both land and lake mod-
els. This is the first time that a high-resolution regional
climate model including a lake model is used on such a
long period (from 1999 to 2008) to analyze wind clima-
tology in the region around Lake Tanganyika. This is also
the first time that wind model outputs for Lake Tanganyika
are compared to satellite data (Quick Scatterometer [Quik-
SCATY]). Seasonal, intraseasonal and diurnal variabilities of
wind speed are investigated in order to provide a temporal
analysis. Furthermore, the lake effect on wind is investi-
gated by comparing the control run to a simulation without
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lakes (where all lake pixels are replaced by representative
land pixels). Finally, Lake Tanganyika is located in a valley
surrounded by high mountains, so the impact of orography
on wind speed and direction plays a key role and is ana-
lyzed in this study.

2 Methodology

The three-dimensional non-hydrostatic COSMO-CLM
model (version 4.8) is used to simulate present-day climate
(1999-2008) in East Africa. COSMO-CLM is coupled to
the Community Land Model [CLM version 3.5, Davin and
Seneviratne (2012)] instead of the default TERRA-ML
scheme, due the strong improvement in the representation
of the partitioning of the turbulent fluxes and consequently
the near-surface meteorological conditions on the African
continent (Akkermans et al. 2012). In addition, COSMO-
CLM is coupled to the one-dimensional lake model FLake
(Mironov et al. 2010; Thiery et al. 2014a, b), which shows
good performance over the East African Great Lakes
(Thiery et al. 2015). The coupled model, hereafter referred
to as COSMO-CLMZ2, uses the COSMO-CLM CORDEX-
Africa data as lateral boundary conditions, which is in turn
driven by ERA-Interim.

Two experiments are performed at a horizontal resolu-
tion of 0.0625° (~7 km) using 50 vertical levels and a time
step of 60 s, namely ‘control’ (CTL) and ‘no lake’ (NOL)
simulations. The model domain ranges from ~2°N to
10°S latitude and ~26°E to 36°E longitude and therewith
encompasses most of the African Great Lakes (Fig. 1).
Lake Tanganyika is represented by 683 model pixels at
that resolution. The only difference between CTL and
NOL experiments is that lake pixels are replaced by rep-
resentative land pixels in NOL. Representative land pixels
are randomly selected from all land pixels within a dis-
tance of 50 km. Since not all lake pixels have land pixels
within 50 km distance, this procedure is repeated until all
lake pixels are eventually replaced. When not mentioned in
the following text and figures, the CTL simulation is used.
A more detailed description of the model and both experi-
ments can be found in Thiery et al. (2015).

The second simulation (hereafter referred to as NOL) is
identical to the control experiment, except that each lake
pixel is replaced by a representative land pixel selected
from all land pixels within a distance of 50 km. The repre-
sentative land pixel was chosen through random selection
from a all land pixels within this radius. Since not all lake
pixels had land within 50 km distance, this procedure was
repeated until all lake pixels were eventually replaced.

In this study, we evaluate modeled wind speed against
wind speed provided by QuikSCAT at a horizontal resolu-
tion of 12.5 km using the QuikSCAT L2B product (Fore

et al. 2014). QuikSCAT carries the Sea Winds scatterome-
ter that allows for wind speed and direction measurements
over oceans and lakes from June 1999 to November 2009
(Nghiem et al. 2004; Bentamy et al. 2012). Data are provided
twice a day (06:00 and 18:00 local solar time). QuikSCAT
data are retrieved for all pixels with available data. Data with
a usable rain flag are included in the analysis since they are
corrected for rain contamination (Fore et al. 2014).

In order to better account for the spatial wind distribu-
tion, Lake Tanganyika is divided into three different lake
regions (north, center and south). The north and south
regions are surrounded by high mountains, while a rela-
tively smoother terrain is present around the lake center. In
each region, a fixed amount of 135 pixels (~6500 km?) is
taken (Fig. 1).

Four transects crossing Lake Tanganyika in an east-
west direction are chosen to analyze vertical wind profiles
at different places: one in the north (T1 at 4°S), two in the
center (T2 at 5.9°S, and T3 at 6.8°S) and one in the south
(T4 at 8°S) (Fig. 1). Along these four transects, the internal
Froude number Fr is identified to characterize the ability
of the air to flow over the mountains surrounding the lake.
Fr is calculated on the dominant upwind side of the moun-
tain range as follows (Wallace and Hobbs 2006; van Lipzig
et al. 2008):

u
Fr=—,
"TNxh M

where u is the zonal wind speed (east-west direction), / the
mountain height and N the Brunt-Viisilad frequency, which
is derived from Reinecke and Durran (2008):

/g 00
N=4/>—, 2
0 9z S

with g being the gravitational acceleration (set to
9.81 m s2), # the potential air temperature, and z the sur-
face elevation. u and N are vertically averaged between
mountain bottom and top and calculated at least one moun-
tain height range away from the mountain bottom (see
Fig. 11 for the location of u and N calculations). Note that
N (and thus Fr) can only be computed when 06 /dz > 0.6 is
computed following Holton (2004, eq. (2.44)):

9=T<ps)c”, 3)
p

where T is the air temperature, p; the standard reference
atmospheric pressure (set to 101 325 Pa), p the atmos-
pheric pressure, R the gas constant for dry air (set to
287 Jkg~ ' K~ and ¢p the specific heat capacity of dry
air at constant pressure (set to 1004 J kg=! K1), Low Fr
values (Fr < 1) mean that low-level air flow is forced to
go around the mountain (blocked conditions), while high
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values (Fr > 1) mean that the flow goes over the mountain
(flow-over conditions).

To assess the persistence of wind regimes at a particular
location, we compute the directional con_s)tancy DC, which
is the ratio of mean vector wind speed | V | over mean sca-
lar wind speed WS:

= T N2, (1wn )2
be ’ Vv ‘ V2 +32 n 2ui=14i) T\ 5 2li=1Vi
Sws o ws Ly ws;

n 1=

s

“

where v is the meridional wind speed (north-south direc-
tion), WS the scalar wind speed and » the number of obser-
vations in time. A value of DC = 1 means that wind direc-
tion does not change over the time period, indicating that
the flow is largely controled by local topography. A value
of DC close to 0 means that wind direction is highly ran-
dom over time, i.e. wind blows equally frequently from all
directions with the same mean speed.

Intraseasonal variability of daily wind speed is analyzed
using the Fast Fourier Transform (FFT) in order to detect
the presence of specific cycles within the seasons. The
power spectrum PS of each year provides the strength of
the signal at each frequency:

n—1 oni

T -
E cpe” ik
k=0

where cy, is the value of the signal at time k, n is the number
of time samples, j is the frequency. The mean interannual
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power spectrum is computed from the power spectra of all
individual years.

3 Results
3.1 Model evaluation

A very good match between COSMO-CLM? and Quik-
SCAT is obtained from April to September in the morn-
ing (<0.2m s~ wind speed difference), which roughly
corresponds to the dry season (Fig. 2). Wind speed dif-
ferences are slightly higher in the evening but stay below
1 ms~! from April to August and are equal to 1.4m s~ in
September. In the wet season (October—March), observed
wind speed is up to twice the modeled wind speed, which
likely results from two effects. On the one hand, although
QuikSCAT is corrected for rain effects, it is possible that
remaining rain contamination still results in overestimation
of wind speed in rainy conditions at low wind speeds (Fore
et al. 2014), which typically occurs in the wet season. On
the other hand, the model probably underestimates wind
speed in the wet season, which may also explain the over-
estimated LSWT at that time (1-2 °C according to Thiery
et al. (2015)).

Due to these constraints, we carry out the analysis with
an emphasis on the dry season, and especially from May to
August where model and observations agree quite well in
the morning and evening. During this period, mean wind
speed over Lake Tanganyika is 7 m s~! in the morning and
4-5 ms~! in the evening. Both model and observations
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Fig. 2 a Monthly mean surface wind speed for the observations (QuikSCAT, 1999-2009) and the model (COSMO-CLM?2, 1999-2008) at 06:00
and 18:00. b Difference in monthly mean surface wind speed between observations and model at 06:00 and 18:00
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capture higher wind speed in the center and lower wind
speed in the north compared to other lake regions (Fig. 3).
The relative difference in wind speed between QuikSCAT
and COSMO-CLM? is ~60 % over the whole lake with
some spatial variations (Fig. 3c). The mean wind direction
is remarkably similar when comparing model (Fig. 3a) and
observations (Fig. 3b), with a main easterly component
(southeasterly in the south of the lake).

3.2 Seasonal, intraseasonal and diurnal winds

Over the entire period (1999-2008), highest modeled wind
speeds over the lake are located in the center, ~6.5°S lati-
tude (Fig. 4). In terms of wind direction, southeasterly and
easterly winds blow on the upwind (east) and downwind

(¢

(west) sides of the lake. Over the lake, southerly winds are
dominant in the north and south, and easterly winds blow
in the center (Fig. 4).

When considering the seasonal cycle, mean wind speed
is clearly higher during the dry season, with a peak in June,
and lower during the wet season (Fig. 5). In terms of spa-
tial variability, wind speed is highest in the lake center
(5-7m s~! during the dry season) and lowest in the north
(2-3m s~! during the wet season). Wind speed in the south
is very close to mean wind speed over the whole lake.

Intraseasonal variability of the wind speed reveals large
day-to-day changes with a clear transition from high wind
speeds in the dry season (May—September, days 120-270
approximately) to low wind speeds in the wet season (rest
of the year) (Fig. 6a). Interestingly, the FFT computed on
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Fig.5 Monthly mean 10 m wind speed simulated by COSMO-
CLM? over 19992008 for the whole lake and three different regions.
Standard deviation bars show the spatial variability within each
region

daily wind speed allows to identify different cycles over the
period 1999-2008. The dominant period in the mean inter-
annual power spectrum is 26 days with secondary periods
around 12, 21 and 36 days (Fig. 6b).

On a diurnal basis, modeled wind speed is highest in
the early morning (03:00-06:00) for the whole lake aver-
age and center, at night (21:00-00:00) for the south and
during the day (12:00) for the north (Fig. 7). In terms of
spatial variability, the highest and lowest wind speeds are
found in the center and north of the lake respectively. How-
ever, the south region has lower wind speed than the north
around 12:00. High wind speed values in the north of the
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Fig. 6 a Daily mean interannual wind speed averaged over the period
19992008 and simulated by COSMO-CLM? (thick line) and interan-
nual standard deviation around the mean (thin lines). b Mean interan-
nual power spectrum of daily wind speed for each period (thick line)
and interannual standard deviation around the mean (thin lines) based
on the FFT computation over individual years from 1999 to 2008

lake around 12:00 can be explained by the combination
of lake breeze (wind from lake to land) and trade winds,
which both come from the south/southeast at that time of
the day and for that region. High wind speed values in the
south around 00:00 are due to land breeze (wind from land
to lake) and trade winds. The diurnal cycle is amplified dur-
ing the dry season (Fig. 7a) compared to the wet season
(Fig. 7b).

3.3 Lake effect
By comparing model simulations with (CTL) and with-

out lakes (NOL), Lake Tanganyika enhances wind speed
by ~2m s~ (~80 %) during the dry season (Fig. 8). This
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feature is valid for all lakes of the model domain, includ-
ing Lake Victoria and Lake Kivu (not shown). This mainly
arises from lower surface roughness over lakes compared
to roughness over land.

Wind speed difference between CTL and NOL simula-
tions is highest in the center (up to Sm s~!; Fig. 8a). How-
ever, spatial variability is small in terms of relative differ-
ence (Fig. 8b). Lake-induced changes in wind direction are
limited in the central and southern parts of the lake, while
wind veering (clockwise from NOL to CTL) is modeled in
the north (Fig. 8a).

The difference and relative difference between CTL and
NOL wind speeds are highest in the early morning (03:00—
06:00) (not shown). Thus, the lake plays a more important
role in enhancing wind speed at that time of the day com-
pared to any other time. However, the spatial variability in
terms of relative difference between the two simulations
remains small, suggesting a limited effect of the lake itself
on wind speed spatial variability.

3.4 Impact of orography

High mountains are located around Lake Tanganyika in the
north and south, and smaller mountains are present in the
center (Fig. 9). Wind direction is affected by this variable
orography: southeasterly winds blow on the upwind side of
the central part of the lake and become easterly winds when
flowing over the lake center (Fig. 9). In the north and south
of the lake, southerly/southeasterly winds blow along the
main lake axis due to channeling along rift valley moun-
tains. This is especially obvious in the north, where moun-
tains reach up to 3000 m (Fig. 9).

Wind speed is also influenced by orography. For
instance, it is clearly lower in mountainous regions north
and south of the lake (Figs. 4, 5, 7). Moreover, wind speed-
up occurs in the lake center, which is confirmed by Quik-
SCAT observations (Fig. 3). This is probably due to both
wind channeling along valley mountains and confluence
of southeasterly and easterly flows on the upwind side of
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Fig. 9 Mean 10 m wind vectors simulated by COSMO-CLM? dur-
ing the dry season (May—August) over 1999-2008 superimposed on
elevation map. The red line in the top left corner of the image shows
the scale of a wind speed equal to 3 m s~

the lake. On the one hand, topographic troughs are present
at ~6.8°S latitude on the eastern shore and ~5.9°S on the
western shore, leading to wind incursions over the lake
from the eastern shore trough to the western shore trough
and speed-up due to the narrow straight. Higher directional
constancy (DC) values in the lake center compared to other
lake regions confirm this channeling effect (Fig. 10). On
the other hand, confluence of southeasterly and easterly
flows on the upwind side of the eastern shore trough lead to
further speed-up in the lake center.

A vertical cross-section analysis along the north (T1)
and south (T4) transects shows the blocking effect (Fr < 1)
of large-scale wind flow by mountains on the eastern
shore (Figs. 11, 12). On the contrary, flow-over condi-
tions (Fr > 1) are modeled in the center (T2 and T3) due
to smoother terrain (Figs. 11, 12). Note that Fr can not

Fig. 10 a Directional constancy DC

DC simulated by COSMO- 3°S
CLM? for the dry season (May—
August) over the period 1999—
2008. b Monthly directional
constancy over 1999-2008 for
the whole lake and three differ-
ent regions. Standard deviation
bars are also shown

e
31°E 32°E

8°E  29°E  30°E

(a)
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be calculated between 09:00 and 15:00 due to decreasing
potential air temperature 6 with height during that time-
frame, leading to complex values of Brunt-Viisild fre-
quency N.

Mean wind speed is highest at night (21:00-06:00) for
all four transects, especially in the zone around 2 km height
and for the central T2 and T3 transects (Fig. 11). The 2-km
height zone is associated with the low-level Somali jet
(Chakraborty et al. 2009). The presence of African orogra-
phy, e.g. Great Rift Valley, greatly affects this low-level jet
by enhancing the cross-equatorial flow (Chakraborty et al.
2009).

The difference in wind speed between CTL and NOL
simulations also allows to identify lake and land breezes
(not shown), as previously demonstrated by Thiery et al.
(2015) in the case of Lake Victoria. During the day, a
lake breeze occurs due to lower LSWT compared to land
surface temperature, especially in the center (T2 and T3)
where the orography is less pronounced. The lake breeze is
weaker in the north (T1) and south (T4) due to the presence
of higher mountains. A weak land breeze occurs at night.

4 Discussion

The highest wind speeds over the lake center confirm pre-
vious results with a high resolution (5.5 km) mesoscale
model (Savijédrvi and Jdarvenoja 2000). However, the latter
study only considers the months of March and July 1994
and assumes that they are typical for wet and dry season
respectively. Therefore, it does not capture the seasonal
cycle and interannual variability. Furthermore, Savijirvi
and Jéarvenoja (2000) perform a model validation limited to
four weather stations around the lake. Finally, their model
is not coupled to a lake model. Instead, LSWT is nudged
towards the Lake Tanganyika Research (LTR) observations
during the first day, and then kept fixed.
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Fig. 11 Vertical cross sections of wind speed and direction simulated
by COSMO-CLM? along four different transects over the 1999-2008
period (June to August) during day time (09:00-18:00; left pan-
els) and night time (21:00-06:00; right panels). Lake Tanganyika is
denoted by TANG and the cross indicates the longitude where inter-

Modeling results show that lake and land breezes are
enhanced by southeasterly trade winds when they come
from the same direction: winds in the north of the lake
are stronger during the day due to lake breeze and trade
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nal Froude number is calculated for each transect. a T1 (4°S)—day
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(9:00-18:00), h T4 (8°S)—night (21:00-6:00)

winds flowing in the same direction, while winds in the
south are stronger at night with land breeze and trade
winds in the same direction (Fig. 7). This is in agreement
with observational data coming from automatic sampling
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Fig. 12 Three-hourly mean internal Froude number Fr calculated
using COSMO-CLM? output over the dry season (June—August) of
1999-2008 for the four transects. Fr < 1 means that air flow is forced
to go around the mountain (blocked conditions), while Fr > 1 means
that the flow goes over the mountain (flow-over conditions). Fr can
not be calculated between 09:00 and 15:00 (light blue area) due to
unstable thermal conditions (decreasing potential air temperature 6
with height)

stations around the lake and meteorological buoys on the
lake (Verburg and Hecky 2003). However, our modeling
results show that the influence of orography on wind
speed spatial variability (e.g. higher wind speed in the
center) is higher than the impact of the lake-land breeze
system and confirms previous modeling results (Savijirvi
1997).

Wind dynamics is of prime importance for understand-
ing the hydrological cycle of Lake Tanganyika since wind
speed and direction drive lake evaporation and precipitation
(Verburg and Hecky 2003). More precisely, evaporation
increases with rising wind speed (Davarzani et al. 2014).
COSMO-CLM? modeled latent heat fluxes over Lake Tan-
ganyika are higher in the center and very south of the lake
compared to the north (not shown). This correlates with
higher wind speed in the center and very south. The diur-
nal and seasonal cycles of evaporation are controled by the
diurnal and seasonal cycles of wind speed: high wind speed
over the lake in the early morning (Fig. 7) and during the
dry season (Fig. 5) lead to high evaporation rates at those
times. With the projected warming over East Africa in the
coming decades, evaporation rates are likely to increase
(Niang et al. 2014), which could have a profound effect on
the hydrological cycle depending on the warming scenario.
Furthermore, moisture advection is highly variable from
one region to the other due to the presence of high moun-
tains. Therefore, wind profoundly influences precipitation
in the vicinity of Lake Tanganyika through lake evaporation
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and moisture transport. The relationship between wind and
hydrological cycle is of crucial importance to understand
the future climate of the region.

Another major impact of wind dynamics is on lake
hydrodynamics. The classical view of large-scale circula-
tion in Lake Tanganyika is that southeasterly trade winds,
which are stronger during the dry season, drive a north-
ward surface current with a southward return flow at the
metalimnion depth (Coulter 1991; Plisnier et al. 1999).
However, Verburg et al. (2011) conduct a detailed analysis
with a three-dimensional numerical lake model in which
they find a reversed lake current pattern (southward flow
in the upper lake and northward flow in the metalimnion).
Therefore, Lake Tanganyika hydrodynamics is still under
debate.

The analysis of intraseasonal variability of wind speed
shows a 26-day period with secondary cycles around 12, 21
and 36 days (Sect. 3.2). This is in agreement with obser-
vations and previous modeling efforts from Naithani et al.
(2002, 2003). The latter authors use the Wavelet Transform
analysis and find an intraseasonal cycle in the wind speed
with a period of the order of 3—4 weeks using observations
at Mpulungu (south of the lake) between April 1993 and
March 1994. More precisely, the period is 22 days during
the dry season and 33 days in the wet season. Using a two-
layer reduced-gravity model, they show that the first mode
of thermocline oscillation has the same order of magnitude
(34 weeks). Their study reveals that the free modes of
oscillations of the lake are in resonance with wind pulses.
This could have a profound impact on lake ecology, e.g.
upwelling of nutrients.

The link between wind dynamics and lake hydrody-
namics could be further investigated by forcing a three-
dimensional hydrodynamic model, such as the one used in
Verburg et al. (2011), with output from a high-resolution
regional climate model such as presented here.

5 Conclusions

Studying wind speed and direction around Lake Tang-
anyika is highly important for regional economy (e.g. fish-
ing industry). This study is the first to use a high resolution
regional climate model coupled to a lake model to enable
an analysis of multi-year (1999-2008) wind dynamics
around this lake. Model performance in terms of near-sur-
face wind speed and direction is very good during the dry
season (May—August), with modeled wind speed close to
QuikSCAT satellite observations. In the wet season, satel-
lite observations overestimate wind speed due to the fre-
quent occurrence of precipitation.

Mean surface wind speed over the lake is higher dur-
ing the dry season and early morning. In terms of spatial
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variability, wind speed is higher over the lake center (and
to a lesser extent in the very south) compared to other lake
regions, and wind direction in that region is slightly different
from other regions. This is due to the presence of troughs in
the eastern and western lake shores, which allow the wind
to pass through them, leading to wind speed-up and shift in
wind direction. This effect is further enhanced by the conflu-
ence of two air flows on the upwind side of the lake. The lake
center is a region where flow-over conditions persist over a
longer period compared to the north and south of the lake.
This study also allows to identify a zone of high wind speed
at 2 km height associated with the low-level Somali jet.

High wind speed over the lake center is not due to the
presence of the lake itself as suggested by the difference in
wind speed between a control simulation and a simulation
where all lake pixels are replaced by representative land
pixels. However, the lake clearly enhances wind speed at
certain times of the day (e.g. early morning). Furthermore,
a dynamical response induced by the lake is observed, as
lake breezes occur during the day (and land breezes at night
to a lesser extent).

Finally, this study shows the need for using high resolu-
tion modeling combined with satellite observations over a
long time period to understand wind dynamics in the vicin-
ity of Lake Tanganyika. This has strong implications for the
hydrological cycle, e.g. through evaporation and precipita-
tion, and lake hydrodynamics. These two effects could be
further investigated by forcing a three-dimensional hydro-
dynamic model with output from a high-resolution regional
climate model such as presented here.
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