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1. Introduction  
 
This report serves to inform the ecological, hydrological and hydrogeological components of the 
Makgadikgadi Management Plan. Its aim is to break the Makgadikgadi system into its lacustrine 
subcomponents and identify areas of surface water, their hydrological controls and potential for impact. 
 

2. Terms of reference  
 
Requirements from the Hydrologist 
 
Input in the INCEPTION PHASE 
 
1. Information (GIS remote sensing data and scientific publications) that is already acquired that will 
contribute to the review of the current information on the physical and hydrological background, and 
hydrological status of the Makgadikgadi; 
 2. Remote sensing GIS data of the physical and hydrological status of the pans for the GIS map layers, 
detailing current and historical hydrological status and analysis. 
 
Input in the COMPONENT ACTIVITIES 
 
Data input and analysis in the identification of flood dynamics, watershed boundaries, ground water 
dynamics, and geochemical inputs into ecosystem functioning during Hydrological review specifically: 
 
1. Hydrology and hydrogeology Review: 

 
a) Identify, using remote sensing data and analysis the watershed boundaries of the MWS, and 

map it on a GIS map. (2 days) 
b) Identify, using remote sensing data the flood volume and seasonal dynamics on the pan surfaces 

of the MWS using historical data, and map them on a GIS map. (3 days) 
c) Identify the relative proportions and importance of river discharge, rainfall and groundwater 

inputs in this flood dynamics. (3 days) 
d) LŘŜƴǘƛŦȅ ŀƴŘ ƳŀǇ ǘƘŜ ƛƳǇƻǊǘŀƴǘ ǎƛǘŜǎκΨƘƻǘǎǇƻǘǎΩ ŦƻǊ ǿŀǘŜǊ ƛƴǇǳǘ ƛƴǘƻ ǘƘŜ a²{Φ όн Řŀȅǎύ 
e) Identify the linkages between geology, soils, hydrology and the geo-chemical characteristics of 

the aquatic ecosystem. (3 days) 
f) Identify the linkages, if any between surface water, groundwater resources, and fossil 

water/brine within the basin of the MWS. (3 days) 
 

2. Hydrological input and off take, and use conflict: 
a) Identify and quantify anthropogenic off-take of water resources within the MWS, its uses and 
ǘƘŜ ƳŜǘƘƻŘǎ ƻŦ ƻŦŦ ǘŀƪŜΣ ƘƛƎƘƭƛƎƘǘƛƴƎ ƻŦŦ ǘŀƪŜ ΩƘƻǘǎǇƻǘǎΩ ŀƴŘ ƳŀǇǇƛƴƎ ǘƘŜƳ ƻƴ ŀ DL{ ƳŀǇΦ όо 
days) 

b) Identify areas of current and potential water resource use conflict. (2 days) 
c) Provide relevant management interventions to current and future water resource use conflict (2 

days).  
 
Total Man Days Input Required (30) 
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Outputs Required: 
 
1. Hydrology and hydrogeology Review: 

a) A GIS map of the watershed boundaries, identifying individual river basins. 
b) A GIS map of the MWS flood spatial dynamics, based on historical seasonal data of at least 10 
ȅŜŀǊǎΣ ǿƘƛŎƘ ƛƴŎƭǳŘŜǎ ŀ ƭŀȅŜǊ ƛŘŜƴǘƛŦȅƛƴƎ ǘƘŜ ƛƳǇƻǊǘŀƴǘ ƛƴǇǳǘ ǎƛǘŜǎκΨƘƻǘǎǇƻǘǎΩΦ  

c) A report which includes the following:  
¶ A quantitative description of flood volume and dynamics and the respective importance of river 

discharge, rainfall and groundwater inputs and linkages;  
¶ The areas and relative proportions of natural water output from the system through evapo-

transpiration and groundwater seepage;  
¶ The linkages between surface water, groundwater resources, and fossil water/brine, and;  
¶ The important of the linkages between geology, soils, hydrology and the underlying geo-

chemical characteristics of the aquatic ecosystem of the MWS. 
 
2. Hydrological input and off take, conflict and management: 

a) A report on the anthropogenic off-take of water from the MWS, which includes the 
uses, methods of extraction and the quantities used, highlighting off-ǘŀƪŜ ΨƘƻǘǎǇƻǘǎΩΦ 

b) A GIS map of water ƻŦŦ ǘŀƪŜ ΨƘƻǘǎǇƻǘǎΩΦ 
c) A report on the current and potential water resource use conflict, including relevant 

management interventions.  
 
Experience Required 
The candidate for this position requires a Masters of PhD in Hydrology or Environmental Sciences, or any 
topic related to this component and its activities. The candidate must also have at least 5 years of 
experience in work/research related to wetland hydrology or water resources in Botswana and/or the 
Makgadikgadi Wetlands specifically. 
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3. Approach-method and activities 
 
3.1  Introduction  
 
Playas or pans such as the Makgadikgadi occur in arid regions where average annual rainfall does not 
exceed 500 mm. In general pans tend to have a negative water balance for most of the year due to 
marginal inputs combined with excessive losses in the form of evaporation and water infiltration. Large 
playas such as the Makgadikgadi, occupy continental basins which represent topographic low points in 
often flat and featureless landscapes. They may have been subjected to modification by recent Cenozoic 
tectonics and witness to higher lakes levels during a wetter past. The Makgadikgadi occupies the lowest 
point in the endoreic Okavango catchment (Figure 1) and like most pans features no surface outflow. It 
may however host ephemeral surface water bodies following a short rainy season.  
 
Figure 1: Okavango Catchment: Note the location of the Makgadikgadi in its eastern extension 
 

 
 

 
 

 

Source:  Pallet 1997. 
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Pans may receive water in the form of direct rain contributions and considering the overall size of the 
Makgadikgadi (approx 7000 km2), this may not be insignificant. They may also receive contributions in 
the form of surface and subsurface flow which in total may temporarily sustain lacustrine conditions. 
The overall hydrological regime of a pan is thus determined by external drainage controls such as 
catchment configuration and climate and internal controls such as the surface and groundwater 
relationship. This report will in particular examine the present-day hydrology and processes which 
govern the Makgadikgadi with focus on controls of its ephemeral surface water. Figure 2 depicts a 
hydrological schematic of the pan system. It needs to be stressed that surface water in pans is not 
merely the result of standing rainwater but is in fact the net result between various inputs and outputs. 
In particular the status of the pan crusts and sediments as well as the shallow groundwater determines 
the amount of water present at the surface.  
 
Figure 2: A proposed hydrological model for the Makgadikgadi  
 
 

 
 

Source: Author and McFarlane (unpublished) 
 
The various components will be examined in detail. This report aims to highlight various knowledge gaps 
and uncertainties. 
 

The report aims to review, present, analyze and examine existing data and in particular highlight 
knowledge gaps and propose a future monitoring scheme in order to further our understanding of this 
system and manage the Makgadikgadi and its sub-systems effectively.  
 
The following sections of this study will represent a systematic breakdown of the Makgadikgadi system 
into its hydrological sub-components which include the following. The catchment (3.2), Meteorology 
(3.3), Drainage hydrology (3.4) Riparian system (3.5), Lacustrine water (3.6), Pan surface morphology 
(3.7), Pan chemistry (3.8), Groundwater (3.9) and Mass balance (3.10) 
 
This will be followed by dedicated sections on Water take-off (3.11), Water conflict (3.12), Monitoring 
(3.13) and Summary on significant pan wetspots (3.14). 
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3.2    Topography of the Makgadikgadi and its catchment 
 
The main catchment features of the Makgadikgadi are well established. Ironically in a landscape that is 
so flat, height does become one of the most important parameters which determines the movement 
and storage of surface water and groundwater. Topographic maps have never fulfilled this role due to a 
lack of precision. This section aims to refine our understanding of this landscape drawing on the latest 
findings from digital terrain data and mapping. 
  
Global topographic DEM (Digital Elevation Model) data is gradually improving and freely available (Table 
1). SRTM (Shuttle Radar Topography Mission) provided the first major insight into the capability of such 
data for the world as well as Botswana (McFarlane and Eckardt 2008) which helped in identifying some 
of the highest shorelines for the Makgadikgadi. The SRTM data presented here is release version 4 
(http:// srtm.csi.cgiar.org) with better void filling techniques as well as coastal and lacustrine shore 
improvements.  It has been known for some time that the relative accuracy is quite high (1-2 m) but that 
the absolute accuracy of this data is only around 4-5 m. In the case of Botswana and the area around 
Gweta in particular (Figure 3) one can clearly see an overestimation of around 5 m often attributed to 
vegetation. This absolute error is actually more fundamental and intrinsic than that and has been 
reported elsewhere (Rodriguez 2005).  
 
Table 1: Global Digital Elevation Data 
 

Global DEM 
Datasets 

Data Release Resolution Resolution Global 
Tiles 

Tile Size 
Pixels 

ETOPO5 1988 5 km 5 arc minutes 1  2160x4320 

GTOPO30 1996 1 km 30 arc-second 33 6000x4800 

SRTM30 2003 1 km 30 arc-second 33 6000x4800 

SRTM3 * 2004 90 m 3 arc-second 14000 1201x1201 

ASTER GDEM 2009 30 m 1 arc-second 22600 3601X3601 

Note: SRTM3 (*) data was chosen as the most suitable DEM source for the project. 

(Source: Compiled by Author) 
 
When referring to global spot heights from the Icesat laser altimetry satellite, it is apparent that this 4-5 
m shift is not vegetation dependant but actually refers to the entire Makgadikgadi basin including pan 
floor, grassland, savannah and mopane veld irrespective of any canopy height. This degree of error is 
not really significant when mapping drainage lines and watershed boundaries but does not allow for a 
detailed mapping of the pan surface itself. Even the most recent global follow up the, ASTER GDEM, a 
photogrammetrically derived elevation model, shows similar offsets and even wider random errors and 
noise compared to the radar derived SRTM (Figure 4) and Table 2.  
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Figure 3: Quality of SRTM derived height against DGPS for the Gweta area  
 

 

 
Note: SRTM overestimate by approximately 4-5 m.  

Source: Author, DGPS data via Water Survey Botswana, (unpublished). 
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Figure 4: SRTM and ASTER DEM heights plotted against 65000 Icesat Point heights covering the 
Makgadikgadi basin.  

 

 

Note: Relative over and underestimation as well as error spread.  SRTM error is more consistent 

Source: Author (unpublished). 

 
Table 2: Icesat data is on average -4.8 m lower than SRTM and 1.6 m higher than ASTER  
 

 Stats 
>905

m 
910

m 
915

m 
920

m 
925

m 
930

m 
935

m 
940

m 
945

m 
>945

m 
Icesat v 

SRTM 
Icesat v 
ASTER 

           
 

 Mean -3.4 -4.3 -4.9 -5.1 -4.8 -5.1 -4.9 -5.6 -5.3 -5.3 -4.8 1.6 

Median -3.7 -4.4 -4.7 -5.0 -4.6 -4.9 -4.8 -5.4 -5.2 -5.1 -4.8 1.7 

Mode -3.3 -5.5 -3.8 -5.8 -6.2 -5.3 -5.5 -5.6 -6.1 -5.9 -4.5 -0.2 

Std Dev 1.9 1.7 1.2 1.4 1.2 1.4 1.2 1.6 1.4 1.5 1.7 5.2 

Range 15.5 13.6 8.7 18.8 14.0 11.4 9.9 12.0 12.1 34.6 38.3 105.9 

Minimum -12.1 -9.7 -9.3 -18.2 -14.9 -11.0 -10.4 -12.3 -12.2 -14.5 -18.2 -61.2 
Maximu
m 3.5 3.9 -0.6 0.6 -1.0 0.4 -0.6 -0.3 -0.1 20.1 20.1 44.6 

Note: ASTER underestimates height and SRTM overestimates height assuming that Icesat provides better height 
reference. Total sample size approximately 65000 data points. SRTM inaccuracies for different height zones in the 
Makgadikgadi (905-945 m) are relatively consistent. Errors appear systematic and not vegetation dependant. 

 
Source: Author (unpublished) 
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Overall SRTM data appears more coherent with a greater internal consistency than ASTER data despite 
slightly greater error in accuracy. In a sense SRTM data is less noisy. Due to the above quality 
assessment this report will use rasterized 90 m resolution SRTM coverage to depict watershed 
boundaries as well as drainage lines which should optimize our understanding of the Makgadikgadi 
catchment.  
 
Automated watershed and drainage generation was attempted but quality was sub-optimal (Figure 5) 
requiring significant post processing and correction. Hence an entirely manual method was considered 
to be the most effective for such a relatively small area. The results need major revisions and the output 
makes numerical sense but has no bearing on most drainage lines and watersheds found in reality.  This 
highlights the limits of automated techniques for such flat landscapes.   
 
Figure 5: ArcGIS automated watershed and drainage generation for Makgadikgadi  
 

 

 
 
Source: Flügel (unpublished)  
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Figure 6 is an overview of surface water catchment and topographic setting with special reference to the 
945 m and 1000 m contours. Note not all rivers reach the pan and note pronounced incision of eastern 
catchments. The contours are indicative of old lake floor which may now facilitate infiltration and pan 
groundwater recharge. Stream Gauges are covered in Section 3.4. 
 
Figure 6: Shaded SRTM with drainage and major contours  
 

 

 
Source: Author (unpublished) 
  
The Makgadikgadi Pan represents the lowest point in the Okavango catchment along with the Mababe 
depression and Lake Ngami. Using the entire Okavango catchment as a source region is not realistic. 
Establishing the exact surface as well as groundwater sources for a pan this size is difficult. Numerous 
drainage lines enter the basin but many of these are considered fossil stream features and have not 
contributed surface water during modern time. A range of surface features such as the former lake 
shores to the north and west act as topographic watershed boundaries but may not have an impact on 
the movement of groundwater. Drainage features in general are very subdued with the exception to the 
east of the Pans where watershed boundaries are well defined and rivers appear most active (Figure 6). 
The following section will focus on this area. 
 
Depicted above (Figure 6) is the shaded view of the Pan and its surroundings, as well as a related 
contour product. Carefully mapping drainage lines from SRTM alongside Landsat imagery in particular to 
the east of the Pan margin highlights two distinct drainage patterns or zones. Above the 1000 m contour 
most of the rivers are well incised and portray a dendritic surface pattern. Below the 1000 m contour 
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the Rivers (Semowane, Mosetse, Lepashe, Mosope) enter the terrain of the former lake floor which has 
a higher infiltration potential due to its calcareous and silica karst morphology. The watersheds between 
these rivers below the 1000 m contour are wide and flat and may act as direct recharge zones to the Pan 
basin (Figure 7). The channel flood plains widen towards the Pan and shallow discharge supports a host 
of riparian wetlands and delta systems. This subtle observation stresses the importance of the eastern 
margin in sustaining the hydrological integrity of the pan and also would explain as to why the Sua 
ǎǳǊŦŀŎŜ ƛǎ ƎŜƴŜǊŀƭƭȅ ǿŜǘǘŜǊΦ LǘΩǎ ƴƻǘ Ƨǳǎǘ ŀ ŦǳƴŎǘƛƻƴ ƻŦ ŘǊŀƛƴŀƎŜ ǎǳŎƘ ŀǎ ǘƘŜ bŀǘŀ wƛǾŜǊ ŀƴŘ ǊǳƴƻŦŦ ōǳǘ ŀƭǎƻ 
potentially significant groundwater recharge from much of the Pan margin. Runoff may add directly and 
relatively swiftly to lacustrine conditions whereas groundwater flow has a delayed function which may 
discharge through the pan floor to promote water bodies not just along the pan margin but anywhere in 
the Makgadikgadi sump.  
 
In addition recent tectonic activity to the north of the Pan has resulted in fault controlled topography, 
ŀƴŘ ǇǊƻŘǳŎŜŘ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ŦƻǊ άŎƘŀƴƴŜƭŜŘέ ƎǊƻǳƴŘǿŀǘŜǊ Ŧƭƻǿ ƛƴ ŀ ƴǳƳōŜǊ ƻŦ ƛƭƭ ŘŜŦƛƴŜŘ ŎƘŀƴƴŜƭǎ ǎǳŎƘ 
as the Nunga and Lememba (Figure 6). Surface water in these drainage features is not expected. These 
άŎƘŀƴƴŜƭǎέ ŀƭƻƴƎ ǿƛǘƘ ǘƘŜ [Ŝǘlhakane River have in fact no modern record of surface flow; they might 
however contribute to the active lacustrine pan-environments through the movement of groundwater. 
Again channels lose some of the definition as they enter the karstic terrain of the former lake margin 
highlighting the importance of groundwater recharge. 
 
SRTM data also depicts many of the smaller surrounding pans as elevated yet sunk into the margin of 
the raised perimeter of the pan. These smaller pans nested in the karstic terrain of the older lake floor 
below the 1000 m and 945 m contours may act as important elevated recharge points to the 
Makgadikgadi proper. Their hydrological function has yet not been fully explored but the role of these 
Ǉŀƴǎ ŦǊƻƳ ƴƻǿ ƻƴ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ΨǇǊƻǘƻςpans deserve broader consideration in future work. They 
include the following from west to east (area km2 in brackets): Dzibui Pan (19), Xhorodomo Pan (30), 
Lake Xau (145) Tsokotshaa Pan (33), Rysana Pan (93), Guquago Pan (28), Nkokwane Pan (76), Tshitsane 
Pan (29) Ntsokotso Pan (46), Mea Pan (3) and Makopela Pan (3). There are other smaller Pans along the 
eastern margin of the Pan which do not appear to have names. These may host lacustrine environments 
in their own right, although most of these systems appear have no surface water input. 
 
To the north-west one finds the additional Nxai Pan and Kudiakam Pan located within the confines of 
the Nxai Pan National Park which may contribute water to the Makgadikgadi basin. It might also be 
worthwhile to note that SRTM data has also been used to look at drainage long profiles for various rivers 
entering the Makgadikgadi (Nash and Eckardt submitted). These profiles are relatively straight, neither 
concave nor convex or feature excessive knickpoints. Such an apparent equilibrium and lack of 
geomorphic adjustment would suggest that the current pan environment is representative of longer 
time periods.  Fault control does show up in these profiles and is taken as an indication of recent 
tectonic modification. 
 
It is important to stress that the Pan only seems flat but that hydrologically it is not. Systematically 
mapping the topography of the pan floor is highly desirable as this will highlight sub-basins which might 
be prone to ponding. Pan topography may also be dynamic due to groundwater fluxes and mobile 
surface material.  Capturing this is currently only possible with slow ground based GPS point survey 
techniques or the point heights produced from the Icesat laser altimeter. Neither ASTER nor SRTM are 
useful  to map the pan in such detail. Icesat does not produce systematic raster coverage but has so far 
generated approximately 24000 point heights of the pan surface derived from 40 m diameter laser 
observation with a 200 m interval. 
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These Icesat point samples are on the increase as coverage improves with time. There are currently 
more points covering Ntwetwe than Sua Pan. Validation campaigns at the Salar de Uyuni, a large pan in 
Bolivia, have shown Icesat derived elevation to have an absolute accuracy of <2 cm (Fricker et al. 2005). 
The author expects the same to hold here (Figure 7) and hence this data serves as a good validation tool 
for ASTER and SRTM data (Figure 4 and Table 2). Icesat campaigns continue and global coverage is 
slowly improving. The future might even hold the promise of mapping dynamic topography in the sub-
meter/cm range which might capture vertical and lateral movement of water bodies on the pan surface. 
This might require some validation and at this stage can only be considered experimental. However the 
topographic monitoring of the Pan surface is bound to improve and enhance our understanding on the 
pans micro-topography and lacustrine environments.  
 
The topographic elevation data generated by the Survey and Mapping Division of the Botswana 
Government will soon be compared alongside ASTER and SRTM data. Note Karst recharge zones on the 
old lake floor of Palaeo Lake Makgadikgadi. Pan wetspots to be discussed in section 3.6. 
 
Figure 7: Eastern Catchments and Watersheds  
 

 

 
 
Source: Author (unpublished) 
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Box 1: Summary of the topography of the Makgadikgadi and its catchment 

 

 
 
3.3 Rainfall around the Makgadikgadi 
 
The MFMP was able to draw on weather station data covering the Makgadikgadi region. This was 
obtained from the Botswana Meteorological Office in Gaborone. Emphasis was on stations in the most 
pronounced stream catchments of the pan system in particular to the north east and east. Previously 
published work (Bryant et al., 2007) on the hydrology of the Makgadikgadi, drew on weather station 
data from Gweta (044-GWET), Nata (164-NATA), Orapa (179-ORAP) and Sua (333-SUAP) and results are 
reviewed here.   
 
The additional dataset presented here features monthly rainfall records in mm dating back as far as 
1958 and includes records up to December 2008. There are a total of 11 stations (Figure 8 and table 3) 
and includes Mosu, Mopipi, and Rakops towards the west and south east of the pan, Letlhakane to the 
south, and Nata, Sebina, Tutume, Sua Pan, Dukwi, Maitengwe and Lepashe to the east and north east of 
the pan. Rainfall records for Gweta, Orapa and Mosu were not made available on this occasion.  
 
The data coverage has several temporal gaps i.e. missing months. For the following analyses only 
complete annual records (i.e. 12 months) were considered. Daily data does exist but was not made 
available for the MFMP project. 
 

 
 
 
 
 
 

What we know so far: 
 

¶ Raster DEM Topographic data is improving 

¶ We have a relative accuracy of around 1 m 

¶ We have an absolute accuracy of better than 5 m with a 90 m resolution 

¶ This helps us identify drainage lines and watershed boundaries 

¶ We also have laser altimetry with sub-m/cm vertical accuracy for 40 m circular footprints 

¶ At the meter to sub meter scale the pan is most certainly NOT flat 

¶ Icesat is ideal for mapping the topography of the pan surface 
 
What we do not know: 
 

¶ Require denser mesh of laser derived point height to improve pan surface model 

¶ Require more repeat coverage to determine dynamic pan surface topography  

¶ This should improve volume/depth estimates of pan water bodies 

¶ National DEM data, generated in Botswana and handled by the Department of Survey and 
Mapping, has not been compared against Icesat height data. 

¶ Differential ground based GPS surveys might be necessary to quantify bathymetry of major sub-
basins during a dry spell which in turn will improve lake volume estimates 
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Table 3: Monthly weather station data made available to this project  
 

Location of Met Station  MET Record Start  Finish Gaps Lat Lon 

 
 

     NATA POLICE STATION  164-NATA  Apr-59 Nov-05 Yes -20.22 26.17 

RAKOPS POLICE STATION           195-RAKO      Feb-59 Jul-06 Yes -21.05 24.40 

SEBINA STORE     207-SEBI       Apr-58 Jan-06 Yes -20.85 27.22 

TUTUME POLICE STATION   256-TUTU               Oct-59 Dec-08 Yes -20.50 27.02 

SUA PAN MET. STATION   333-SUAP          Aug-91 Dec-08 No -20.53 26.06 

DUKWI POLICE STATION         030-DUKW               Jan-94 Dec-08 No -20.59 26.51 

MAITENGWE PRIMARY SCHOOL     110-MAIT                      Dec-59 Nov-08 Yes -20.13 27.20 

MOSHU PRISONS OFFICE                              155-MOSU      Sep-79 Dec-99 Yes -20.12 23.25 

LEPASHE PRIMARY SCHOOL              468-LEPA       Nov-92 Jan-08 Yes -20.12 26.67 

MOTOPI PRIMARY SCHOOL           160-MOTP       Oct-79 Dec-06 Yes -20.20 24.25 

LETLHAKANE MET. STATION       093-LET2         Sep-92 Dec-08 Yes -21.42 25.62 

 

Source: Botswana Meteorological Office 
 
The rainfall gradient from National Atlas of Botswana depicted along with some of the eastern 
catchments (Nata, Mosetse and Mosope River), Figure 8. 

Figure 8: Location of weather station data provided to this project  
 
 

 
 

 
Source: Author 
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Some preliminary observations indicate that Rakops (359 mm annual average total) appears to be the 
driest and Maitengwe (545 mm annual average total) the wettest place (Table 4). The data depicts the 
expected seasonal cycle with maximum monthly average rain in January at Dukwi (133 mm monthly 
average) and lower levels at Rakops and Letlhakane with 93 mm monthly average, highlighting the 
distinct north-east to south-west rainfall gradient across the pan. Maitengwe the eastern most location 
achieves peak rainfall slightly earlier in December (131 mm monthly average) and July and August 
appear to be the driest months throughout. 
 
Table 4: Mean monthly and annual rainfall figures for the Makgadikgadi 
 

 Months Motopi Rakops Letlhakane Sua Nata Dukwi Lepashe Tutume Maitengwe Sebina 

 
 

 
     

  
 

August 0 1 0 0 0 0 0 0 0 1 

September 3 3 3 4 3 2 2 5 5 7 

October 21 16 12 14 20 12 16 20 23 20 

November 62 44 56 56 53 69 67 69 78 75 

December 60 61 77 79 83 84 89 95 131 87 

January 121 93 93 123 112 133 111 116 120 109 

February 87 66 87 87 96 73 72 84 93 83 

March 48 49 58 53 55 58 39 68 62 44 

April 12 21 11 6 25 6 11 25 26 21 

May 4 3 5 5 4 7 10 4 5 3 

June 0 3 3 5 1 3 12 2 3 1 

July 1 0 0 2 1 0 4 0 0 0 

Total 419 359 405 435 453 448 433 488 545 452 

 
Source: Botswana Meteorological Office, compiled by Author (unpublished) 

 
A number of rain gauges have recorded seasons with monthly rain in excess of 200 mm. This took place 
in Jan 1972, Dec 1977 - Jan 1978, Dec 1987 - Mar 1988, Dec 1995 - Feb 1996, Dec 1996 ς Feb 1997, Jan 
1998, Dec 1999 ς Feb 2000, Jan 2004 - Mar 2004. Some stations even recorded more than 400 mm per 
month such as Sebina and Tutume in December 1972, Mosu in January 1989 and Maitengwe in 
December 1995 with a record of 597 mm per month. 
 
Looking at rainfall departures from the mean and associated rainfall variability (Figure 9) it becomes 
apparent that inter-annual variation is as pronounced and expected for any semi-arid region. 1971-1981 
features a period of distinct above average rainfall for all stations while 1982-1995 appears distinctly 
drier with a long spells of below average rainfall. Generally other periods of variability are apparent at 
shorter timescales of 2-3 years. 
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Figure 9: Rainfall deviation from the mean (in mm) for selected stations NE of the Makgadikgadi from 
1959-2008 
 

 

 
 
 
 

Notes: This depicts inter-ŀƴƴǳŀƭ ǾŀǊƛŀōƛƭƛǘȅΦ bƻǘŜ ǘƘŜ ŘŜŎŀŘŀƭ ŎȅŎƭŜ ŦƻǊ тлΩǎ ŀƴŘ улΩǎΦ 
 

Source: Botswana Meteorological Office, Compiled by Author (unpublished) 
 
Previous published work (Bryant et al., 2007) based on similar rainfall records as above showed that 

rainfall in the Makgadikgadi basin are strongly linked to El Ninõ Southern Oscillation (ENSO) cycles in 
the Pacific and SST (Sea Surface Temperature) anomalies in the Indian Ocean. Records for the 1980-2000 
time series showed a strong correlation between wet season rain DJF (December, January, February) in 
the Nata River Catchment and the Subtropical Indian Ocean dipole (SIOD) values for JFM (January, 
February, March) of the same year. Furthermore extreme rainfall events are linked to the landfall of 
ǘǊƻǇƛŎŀƭ ŎȅŎƭƻƴŜǎ ŘǳǊƛƴƎ ǇŜǊƛƻŘǎ ƻŦ [ŀ bƛƴņ ŎƻƴŘƛǘƛƻƴǎ ŀƴŘ ŀǎǎƻŎƛŀǘŜŘ ŀƴƻƳŀƭƻǳǎ ƭƻǿ ƭŜǾŜƭ ƳƻƛǎǘǳǊŜ ŦƭǳȄ 
into eastern southern Africa.  
 
Data provided for this study was similar to what had been analysed previously, for full and detailed 
analyses of Makgadikgadi and Nata basin climatology refer to Bryant et al. (2007).  Making a stronger 
connection between monthly rainfall, daily stream hydrology and pan surface dynamics is currently 
hampered by data gaps and temporal and spatial mismatches. 
 
In addition higher temporal resolution daily rainfall data would be desirable. This would be indicative of 
the nature of single rain events, such as storm intensity and through a referral to NCAR (National Center 
for Atmospheric Research) reanalysis products, would place each daily event into its proper regional 
synoptic context. Monthly rainfall data is merely a summary and can at best be linked to slower and 
gradual dynamics in the remote oceans rather than the rapid changes in the nearby atmosphere. To 
make any headway with future climate research in the Makgadikgadi would require daily rainfall data. 
Furthermore measurements from the pan surface and some of the specific recharge areas are currently 
absent. Therefore monitoring key climate variables at or in close proximity to actual lacustrine areas on 
the pan surface is required. 
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Overall rainfall records for this area as well as most areas in Botswana have a slightly negative trend, 
suggesting that Botswana is becoming drier (Botswana National Atlas 2001). 
 
Box 2: Summary of rainfall around the Makgadikgadi 
 

 
 
3.4 Stream hydrographs for the Makgadikgadi catchment 

 
Daily river flow data exists for a number of catchments in the Makgadikgadi refer to Figure 10 and Table 
5  Four out of six rivers which feature current surface flow in the catchment are being gauged. The 
closest gauge to the pan margin is the Nata stream gauge in Nata. Other gauges are some distance from 
the pan. Mosetse and Mosupe gauges are about half way up the stream some 50 km from the pans 
edge. Lepashe and Semowane are not being gauged. 

 
Table 5: Stream gauge record for the Makgadikgadi 
 

Catchment Location DWA Code Start Gaps Lat Lon 

   

  

  Boteti River Rakops 8122 Sep 1971 Yes -20.03 24.40 

Nata River Nata Old Bridge  5311 Oct 1969 Yes -20.20 26.18 

Mosetse River Mosetse  5211 Oct 1969 Yes -20.65 26.63 

Mosope River Matsitama 5111 Oct 1970 Yes -21.02 26.63 

Note: Daily flood data 
 
Data Source: Department of Water Affairs. 
 
Due to data gaps, analyses and plots of the stream gauge record, focus on the 1971-1999 with emphasis 
on the monthly summary records. For this observation period the Nata carried most of the water (4471 
MCM) total, Boteti slightly less (3274 MCM) and Mosetse (688 MCM) and Mosope (208 MCM) much 
less. 
 

What we know so far: 
 

¶ Analyses on rainfall data so far is based on monthly means 

¶ This has shown a strong connection with sea surface temperature elsewhere 

¶ The spatial trends in this study confirm previous studies 

¶ In light of inter annual variability and various long term cycles this negative trend may 
not necessarily be due to global warming 

 
What we do not know: 
 

¶ Daily rainfall data would be required if one were to examine local synoptic controls 

¶ Daily data exists and should be subject to appropriate analyses using NCEP/NCAR 
reanalyses 

¶ All existing stations focus on settlements and ignore pan surface, wetlands and specific 
pan recharge zones 
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It is not surprising that stream flow is highly variable and that all months are able to produce zero flow 
records. It is also very much apparent that the nature of stream flow from the east is very different 
compared to the Boteti River (Figures 11 and 12). Eastern floods are short and sharp and synchronized 
with emphasis on the summer months with peak flow usually attained in January. The Boteti peaks 
much later during September as its flood waters originate from the Okavango Delta outflow. Boteti 
flood periods may extend over Ƴŀƴȅ ƳƻƴǘƘǎ ǿƛǘƘ ƴƻǘŜŘ ǾŀǊƛŀǘƛƻƴǎ ōŜƛƴƎ ƎǊŀŘǳŀƭΦ Lƴ ǘƘŜ мфтлΩǎ ƛǘ ŘƛŘ ƴƻǘ 
stop flowing for several years (April 1974-March 1980) and its last recorded surface flow at Rakops 
occurred in February 1991. During the writing of this report the river has passed Rakops and reached 
Lake Xau. 
 
Work by Bryant et al. (2007) has pointed to a strong ENSO control in the Nata River stream flow and a 
good link to surface water conditions in the Makgadikgadi.   
 
Figure 10: Location of Stream gauges with DWA code in the Makgadikgadi Catchment and its main 
contributors the Boteti , Nata , Mosetse and Mosope Rivers 

 
 

 
 
Data Source: Department of Water Affairs  
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Figure 11: 1971-1999 Stream Records in MCM for Boteti (Blue), Mosupe (Green), Mosetse (Red) and 
Nata Rivers (Purple) 
 

 

 
 
 

Notes: Note short spiky summer flood in eastern catchments and protracted winter peak flood in the Boteti. 

Data Source: Department of Water Affairs  
 
On Figure 12, the Mean is on (Top Left), Standard Deviation (Top Right), Max (Bottom Left) and Min 
(Bottom Right). Note zero flow possible in all months for all rivers. 
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Figure 12: Monthly Flood in MCM 
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Data Source: Department of Water Affairs 
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Box 3: Summary: Stream hydrographs for the Makgadikgadi catchment 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.5 Riparian systems and seepage points 
 
This section depicts Landsat data from the historic archives of the GLCF (Global Land Cover Facility). This 
ǊŜŎƻǊŘ ŜȄǘŜƴŘǎ ōŀŎƪ ǘƻ мфто ŀƴŘ Ƙƻǎǘǎ ƛƳŀƎŜǊȅ ŦƻǊ ǘƘŜ мфтлΩǎ ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ a{{ όaǳƭǘƛ {ǇŜŎǘǊŀƭ 
{ŎŀƴƴŜǊύ Řŀǘŀ όул Ƴ ǊŜǎƻƭǳǘƛƻƴύΣ ¢a ό¢ƘŜƳŀǘƛŎ aŀǇǇŜǊύ Řŀǘŀ ŦƻǊ ǘƘŜ мффлΩǎ όол Ƴ resolution) and ETM 
(Enhanced Thematic Mapper) data for the 2000 period (30 m resolution), see Table 6. In these false 
colour displays (Bands 4, 3, 2 RGB), green vegetation appears red.  
 
Table 6: Catalogue of Landsat Data for the Makgadikgadi. 
 

Landsat Path Row Year Month Day 

      MSS 184 74 1975 Aug 19 

MSS 184 75 1979 Oct 9 

MSS 186 74 1975 Mar 12 

MSS 186 75 1973 Feb 5 

MSS 185 74 1979 Jun 6 

MSS 185 75 1979 Jun 6 

            

TM 172 75 1991 Jun 24 

TM 172 74 1990 Mar 1 

TM 173 75 1991 Mar 11 

TM 173 74 1990 Apr 9 

            

ETM 172 74 1999 Oct 12 

ETM 172 75 2000 May 23 

ETM 173 75 2001 May 17 

ETM 173 74 2001 Jan 9 

(Source: GLCF) 

What we know so far: 
 

¶ The daily flood record for the streams entering the pans is valuable 

¶ A strong ENSO control is evident 

¶ In particular Nata River and Pan surface dynamics appear closely linked  

¶ Other gauges only capture runoff at some distance from the Pan 

¶ Surface runoff is not the only contribution to the pan environment 
 
What we do not know: 
 

¶ Exact temporal lag and link between stream flow and lacustrine response 

¶ Contribution of stream flow to groundwater recharge of pan environment  
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A rapid appraisal of the 14 images shows various degrees of surface change and dynamics between 
мфтлΩǎ ǘƻ н000. (Figures 13, 14, 15, 16). A full analysis into these and other related Landsat imagery 
especially in the context of climatic variability is beyond the scope of this report. This would however 
provide a more systematic and quantifiable appraisal of change within the Makgadikgadi Basin. In 
addition Landsat imagery lends itself to map small seepage points and water pools as well as riparian 
distributions (Figure 13). MODIS will be used for a systematic pan water survey (Section 3.6). 
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Figure 13: Eastern Margin of pan. Riparian systems and dynamic pans and proto-pans 
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Data Source: GLCF, interpretation by author, unpublished 
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Figure 14: Surface dynamics at Nata, Ntwetwe, and Mosu Escarpment 
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Data Source: GLCF, interpretation by author (unpublished) 
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Figure 15: Micro-dams, dynamic proto pans, and Lake Xau desiccation 
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Data Source: GLCF, interpretation by author (unpublished) 
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Figure 16: Persistent surface water in lower the Boteti and deactivation of Mopipi dam 
 

 
  

Data Source: GLCF, interpretation by author (unpublished) 
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Figure 17 shows the significant and permanent riparian between 1970 and 2000 period as well as small 
surface pools, shallow groundwater seepage points and deltas identified in Landsat series data. 
 
Figure 17: Significant and permanent riparian between 1970 and 2000 period 
 

 

 
 
Source: Author (unpublished) 
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Figure 18: A flowing Lower Boteti, a filled Lake Xau and rim full Mopipi Dam in June 1979 as seen in 
Landsat MSS. 

 

 

 
 
Data Source: GLCF 
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Figure 19: Lower Boteti reaches Lake Xau, September 29, 2010  

 

 

 
 
 
 (Image Source: http://earthobservatory.nasa.gov) 
 
These observations made so far can be summarized as follows.  

¶ ¢ƻǘŀƭ ŘŜǎƛŎŎŀǘƛƻƴ ƻŦ [ŀƪŜ ·ŀǳ ƛƴ ǘƘŜ улΩǎ 

¶ 5ŜŎƻƳƳƛǎǎƛƻƴƛƴƎ ƻŦ aƻǇƛǇƛ 5ŀƳ ƛƴ ǘƘŜ улΩǎ 

¶ Relatively persistent riparian ecology to the eastern margin of the Pan 

¶ Seemingly persistent lake margins and grass islands at the depicted scale up to 2001 

¶ Small fresh water lake below Mosu escarpment prevails (lat -21.1761° lon 25.9842) 

¶ Numerous small proto-pans host water as part of recharge or discharge events 

¶ No noticeable proliferation of dams or micro-dams in Pan catchments 

¶ No massive changes in land use land cover noted 

¶ Arable land expands mostly to the east of the Makgadikgadi watershed 

¶ Establishment and growth of mines and associated towns including Sua Town 

¶ Dynamic land surface response to rain and drought cycles as well as fires 
 

http://earthobservatory.nasa.gov/
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Box 4: Summary of riparian systems and proto-pan wetlands 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.6 Ephemeral lacustrine surface water  
 
There are no official records of pan surface water dynamics.  The only available observation record 
comes in the form of remotely sensed data. In all imagery e.g. Landsat (MSS, TM and ETM) (Section 3.5), 
NOAA AVHRR, MODIS; the Pan surface appears dynamic and depicts lacustrine variability, with such 
areas having the potential for being significant wetlands. 

Bryant et al. (2007) resorted to daily NOAA AVHRR (1980-2000) data at 5 km and 1 km resolution.  This 
imagery, linked with other records was able to produce the lacustrine history of the Makgadikgadi at the 
scale of the entire basin. Several flood events are captured for this period. The following section is a 
detailed and direct quote from the paper. It places individual flood events into climatic and hydrological 
contexts.  (Refer to Figure 1.6 and quote on following page) 

 
Figure 20 shows the 1980-2005 Time series for the Makgadikgadi. This includes NIR Reflectance (%), 
Lake Area (%), Monthly Precipitation (mm), and Nata River Flow (MCM). Lake Events 1-8 are discussed in 
detail on following page. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

What we know so far: 

¶ Landsat imagery can be used to examine the finer detail of landscape change 

¶ Nested in climatic data it can capture past responses to variability and extremes 

¶ Some of the riparian is relatively persistent suggesting healthy groundwater status 

¶ 30-80 m resolution can be used to study some of these environments 

¶  
What we do not know: 

¶ We have not looked at the wider Landsat archive in more detail 
National high resolution orthophotos, generated in Botswana and handled by the Department of Survey 

and Mapping, have not yet been used for the mapping of the study area 
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Figure 20: 1980-2005 Time series for the Makgadikgadi 
 

 

 
Source: (Figure 13: Bryant et al. 2007) 
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Box 5: The Summary of flood events at the Makgadikgadi  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: Quoted from Bryant et al 2007. 
 

Event 1 occurred in the wet season of 1988 in which significant rainfall fell within the Nata catchment (474 
mm) in the DJF period (four times the long-term average fell at both Nata and Sua) resulting in high flows on 
the Nata River (reaching a total of 228x10

6
 m

3
 in March). This was followed by extensive inundation of both 

Sua and Ntwetwe Pans, beginning in late March/early May and peaking at coverage of 36% (1080 km
2
) in 

June. This event coincided with a return to La Nina and negative ENSO 3.4 sea surface temperature 
anomalies.  
 
It is likely that high water tables resulting from this event persisted into the wet season of 1989 when a 
small lake (Event 2) formed (peaking briefly at 450 km

2
; 15%). Nata catchment rainfall was 315 mm in the 

1989 DJF period, and flow on the Nata peaked at a modest 13.7x10
6
 m

3
 (March 1989).  

 
Event 3 occurred in January 1993 where a short-lived lake (1095 km

2
; 36.5% coverage) formed after DJF 

rainfall within the catchment exceeded 327 mm and flow on the Nata River peaked at 152x10
6
 m

3
.  

 
Event 4 occurred in January 1996 when a lake of 1500 km

2
 (50.2% coverage) formed as a result of significant 

DFJ rainfall (529 mm) and total Nata River flows of 300x10
6
 m

3
 in both January and February (both 

comparable with event 1).  
 
Again, it is assumed that high water tables resulting from this event contributed to the formation of a lake 
(Event 5) of 1300 km

2
 in 1997 (44% coverage peaking in April). DJF rainfall of 378 mm coupled with a Nata 

flow of 28.3x10
6
m

3
 were observed.  

 
Event 6 occurred in 1999 where DJF rainfall of 366 mm and peak flow of 11.47x10

6
 m

3
 resulted in a lake of 

750 km
2
 (25% coverage).  

 
Event 7 occurred in February 2000 when La Nina conditions coupled with the landfall of tropical cyclone 
(TC) Eline [Reason and Keibel, 2004] caused extensive flooding in Mozambique and the eastern coast of 
southern Africa. Its vestiges eventually traveled inland to cause further widespread damage and flooding in 
the eastern provinces of Botswana. Recorded February rainfalls at Nata (316 mm) and Sua (385 mm) were 
between three and four times the long-term average at each location and two to three times higher than 
the totals for any of the other recorded events. This resulted in high flows on the Nata River (no data 
available here) and elsewhere in eastern Botswana and one of the largest flood events recorded in recent 
times on Sua Pan. The lake that formed on the surface of the Makgadikgadi Pans was in excess of 4500 km

2
. 

Sua Pan itself had a lake of approximately 2400 km
2
 (peaking in April 2000) which covered approximately 

78% of the entire Pan surface to a depth of 1ς2 m and which only disappeared briefly in January 2001.  
 
Event 8 followed quickly in March 2001 and can again be associated with the likelihood of high water tables 
remaining from event 7. The lake area peaked at 1000 km

2
 (33.4%). No river flow or climate data were 

available for this event. The final significant event occurred in January 2004, with a lake of 1500 km
2
 forming 

in April and drying up by September. Again, no flow or climate data are available for this event.  
 
No ground based Nata River discharge record available to discuss Event 9 
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Bryant et al. (2007) depicted total percentage area coverage of wet pan environment without being 
spatially specific. The paper also assumed that the presence of surface water is entirely dependent on 
the Nata River. For the purpose of wetland management one requires better spatial detail and accuracy. 
Such satellite data has become available and will be discussed next.  
 
A better record for pan moisture detection can be derived from the MODIS sensor (Terra and Aqua 
platform) which has been in operation since 2000. It provides twice daily coverage across a range of 
wavebands. This data has been acquired and processed by Rob Bryant at University of Sheffield and 
preliminary results have been made available to the MMP and are superior to results from Bryant et al. 
(2007). 
 
Various flood frequency map products have been generated and are presented here. The final product is 
still subject to continuing improvement, further validation and proper analyses in the context of rainfall 
and flood frequency data. This is very much work in progress. 
 
Imagery though needs to be ƛƴǘŜǊǇǊŜǘŜŘ ǿƛǘƘ ŎŀǳǘƛƻƴΦ ¢ƘŜǊŜ ŀǊŜ ŎŀǳǎŜǎ ŦƻǊ άƻǾŜǊέ ŀǎ ǿŜƭƭ ŀǎ 
άǳƴŘŜǊŜǎǘƛƳŀǘƛƻƴέΦ ¦ƴŘŜǊŜǎǘƛƳŀǘƛƻƴ ƻŎŎǳǊǎ ǿƘŜƴ ǘƘŜ ōƻŘȅ ƻŦ ǿŀǘŜǊ ƛǎ ǾŜǊȅ ǎƘŀƭƭƻǿ ŀƴŘ ǎŜŘƛƳŜƴǘ ŦƛƭƭŜŘ 
and viewed in shorter waveband region. Overestimation occur using longer waveband regions which 
also pick up moisture in the sediments (i.e. wet mud) and hydrated salts. Determining proper detection 
thresholds is required and would benefit from field validation. We still are confident that these products 
are a valid depiction of relative moisture and water abundance on the pan surface. 
 
¢ƘŜ ŦƛǊǎǘ ƎŜƴŜǊŀǘŜŘ ǇǊƻŘǳŎǘ ǿŀǎ ōŀǎŜŘ ƻƴ ah5L{ ¢ŜǊǊŀ ǳǎƛƴƎ aLw ōŀƴŘǎ όнΦмол ˃Ƴύ ŀǘ ŀ рлл Ƴ 
resolution.  This data was obtained from the GLCF and was stacked to 16 days which produced a total of 
218 cloud free time slices between 2000 and 2009. Results suggest that floods of 2000/1 have the 
highest magnitude and longest duration, while floods in 2004/2006/2008 and 2009 are also evident. 
There are also dryer years 2002/3, 2005 and 2007.  While trends are apparent and partly in line with 
what is expected, precise water body demarcation is not straight forward. In particular hydrated salts 
ŀƴŘ Ƴƻƛǎǘ ƳǳŘΩǎ ŀǊŜ ǇǊƻōƭŜƳŀǘƛŎΦ ²ŀǘŜǊ ōƻŘȅ ƻǾŜǊŜǎǘƛƳŀǘƛƻƴ ƛǎ ŀ ƭƛƪŜƭȅ ƻǳǘŎƻƳŜ όCƛƎǳǊŜ 21 top). 
 
¢ƘŜ ǎŜŎƻƴŘ ǇǊƻŘǳŎǘ ǿŀǎ ŀƭǎƻ ōŀǎŜŘ ƻƴ ah5L{Σ ōǳǘ ŎƻǾŜǊǎ ǎƘƻǊǘŜǊ ǿŀǾŜƭŜƴƎǘƘ ƛƴ bLw όлΦуср ˃ƳύΦ рлл Ƴ 
resolution images were also stacked to 16 days which again produced a total of 218 cloudless time slices 
between 2000 and 2009. The NIR wavebands only pick out deeper water and are a more conservative 
water detection product. Both sediment and algal blooms induce noise in the surface water regions 
which gives rise to an underestimation of lacustrine water bodies (Figure 21 middle). 
 
The third product under evaluation is also MODIS Terra derived and is generated using a NIR/MIR ratio 
at 500 m resolution. This image ratio product is based on inputs from the above mentioned channels. It 
is also subject to evaluation at this moment in time (Figure 21 bottom). 

 
Figure 21 shows 218 day image stacks of MODIS Terra. Note pallet for ratio (NIR/MIR) is reversed. Top 
MIR (SWIR), Middle NIR, Bottom NIR/MIR Ratio. Locations of wetspots remain relatively persistent but 
actual area estimates differ.  
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Figure 21: MODIS Terra, 218 day image stacks 
  

 

 
Source: Bryant (Unpublished) 
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Precise water body and edge demarcation remains an issue. Remote sensing products depict pan 
wetness due to actual surface water as well as the presence of wet mud and hydrated salts. In a sense 
all of these combined are indicative of pan hydrology and highlight areas worthy of further examination 
and consideration. These areas are listed here and above all require field validation against the 
background of changing seasons and longer term trends. While some of these areas are directly linked 
to surface water inputs most of them may well show a response to short-lived groundwater pulses or 
even rainwater ponding depending on pan topography as well lacustrine dispersal by wind (Nkala per 
comm). These are the wettest portions of the Makgadikgadi wetland and are listed in Table 7. I will refer 
ǘƻ ǘƘŜǎŜ ŀǎ άǿŜǘǎǇƻǘǎέΦ ¢ƘŜǎŜ ƘŀǾŜ ōŜŜƴ ŦƛǊǎǘ ƛŘŜƴǘƛŦƛŜŘ ƛƴ ǘƘŜ нллл-2009 MODIS record and were then 
also observed in Landsat imagery.  
 
Table 7 is a summary of pan surface regions with detectable moisture fluxes as identified from MODIS 
time series. Size observations in km2 are estimated from actual observations in Landsat data (Refer to 
Section 5). These estimates are subject to improvement and validation and may include wet salt and 
mud. (Refer to Figure 4.6 A and B). 
 
Table 7: Most persistent and dynamic Makgadikgadi wetspots  
 

Location Most Likely Water Input MSS TM ETM 
 

Lat Lon Map 

  
мфтлΩǎ мффлΩǎ 2000 

   
ID 

Northern Sua  Nata & Semowane River 142 118 0 
 

-20.3 26.2 1 

Central Sua Mosetse River 0 40 0 
 

-20.6 26.1 2 

Southern Sua Lepashe River 0 0 0 
 

-20.8 26.2 8 

Southern Sua Mosope River 0 0 0 
 

-21.1 26.2 11 

Southern Sua Groundwater 0 0 933 
 

-20.8 26.0 3 

Northern Ntwetwe Groundwater 0 18 8 
 

-20.4 25.5 5 

Central Ntwetwe Groundwater 0 0 0 
 

-20.5 25.6 6 

Southern Ntwetwe Boteti Groundwater 0 0 0 
 

-20.8 25.4 4 

Western Ntwetwe Groundwater 0 0 11 
 

-20.7 25.0 9 

Western Ntwetwe Groundwater / Boteti  0 0 13 
 

-20.9 25.0 10 

No Name Pan Groundwater 0 0 7 
 

-20.9 24.7 12 

Nkokwane Pan Groundwater 0 23 0 
 

-21.1 25.5 7 

  Sum  142 199 968 
 

      

 
(Source: Eckardt and Bryant, unpublished) 
 
Figure 22 shows the preliminary water time series 2000 to 2009 derived from MODIS NIR record. Area 
coverage estimate are in km2. Results suggest that floods of 2000/1 have the highest magnitude (1000 
km2 max) and longest duration, while floods in 2004/2006/2008 and 2009 are also evident. There are 
also dryer years 2002/3, 2005 and 2007. Water volume estimate would require depth estimate. 
 
 
 
 
 
 














































































