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Abstract—This research assesses the impact of rainfall 

variability on the flooding regime of the Zambezi floodplain as 

part of the scientific endeavour to understand the dynamics of 

hydrologic variability in natural systems such as riverine and 

floodplain ecosystems. In the context of global environmental 

change, hydro-climatic fluctuations are observed to be 

intensifying in magnitude and frequency with notable impacts 

on both human and natural systems. Understanding variability 

is important for the effective management of ecosystems which 

sustain human livelihoods. The study was conducted on a 

temporal scale of 50 years from 1965 to 2014 based on observed 

discharges and rainfall at the Chavuma National Gauge Station 

in the Zambezi district of Zambia. The research was guided by 

the hypothesis that there were no significant variations in the 

discharge on account of rainfall variability. Statistical methods 

of data analysis employed included exploratory, frequency and 

sensitivity analysis techniques. The results of the analysis 

revealed significant inter-annual variation of 21% in the 

discharge time series with a dominant periodicity of 10 years in 

its sinusoidal discharge signal. The sensitivity of the discharge 

to rainfall was found to be insignificant with a very low 

precipitation elasticity of streamflow of 0.03. In view of these 

findings, the conclusion of the study is that the flooding regime 

of the Zambezi floodplain is seemingly robust against the 

variability of rainfall. However, further research needs to be 

undertaken to provide deeper insight into the changes in the 

flooding regime of the Zambezi floodplain taking into account a 

broader spectrum of natural and anthropogenic forcing, and to 

quantify the flooding regime for integrated wetland 

management linking the dynamics of flooding to the biological 

diversity in the ecosystem. 

 
Index Terms— Flood plain, Flooding regime, Rainfall 

variability, Zambezi river.  

 

I. INTRODUCTION 

  The Zambezi floodplain is one of Africa's great wetlands 

with a rich biological diversity providing a wide range of 

ecosystem goods and services. However, the functional 

landscape of the wetland is increasingly being threatened by 

natural and human-induced perturbations. Under the scenario 

of global environmental change in the Anthropocene period, 

hydro-climatic fluctuations appear to be intensifying in 

magnitude and frequency with notable impacts on both 

human and natural systems. Understanding variability is, thus, 

important for the integrated management of ecosystems in 

order to sustain their ecological integrity. This research 
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assesses the impact of rainfall variability on the flooding 

regime of the Zambezi floodplain as part of the scientific 

endeavour to understand the dynamics of hydrologic 

variability in natural systems such as riverine and floodplain 

ecosystems. Central to the functionality of wetlands is the 

hydrologic variability which is linked in complex ways to the 

precipitation regime of the catchment area of the wetland. 

The focus of this research is the Zambezi floodplain, which is 

located in Zambia in Southern Africa, a region Fauchereau et 

al. [1] described as conducive to extreme weather events and 

great inter-annual variability of the hydrological cycle. 

Extreme hydrological events such as floods and drought are 

notably associated with variability of rainfall. A slight 

decrease in annual rainfall, along with increased inter-annual 

variability and an increase in extreme precipitation events 

have been observed for Zambia over a historical period of 40 

years (IPCC [2]; Kirtman et al. [3]; Hulme et al. [4]; Reason 

et al. [5]). McSweeney and Lizcano [6] and Tadross et al. [7] 

reported a decrease in mean annual rainfall in Zambia at the 

rate of 1.9mm per month per decade and shortening of the 

crop growing season. Under the climate change scenario, the 

scientific consensus on the future of rainfall patterns in 

Zambia is that inter-annual variability is expected to increase 

along with a slight decrease in rainfall amount [8].   

 

The research is founded within the theoretical framework 

of the flood pulse concept [9] and the natural flow paradigm 

[10], which have significantly contributed towards the 

understanding of the hydrological characteristics of rivers and 

their ecological processes. As such it is understood that 

streamflow in rivers can be described using five basic 

characteristics including magnitude, frequency, duration, 

period of occurrence and variability; and the hydrographs of 

individual rivers are influenced by a series of partly 

interacting factors, such as climate, gradients, landscape 

morphology, floodplain buffering and human impacts, which 

together cause very complex patterns. This knowledge is 

essential to natural resources management. However, as Poff 

et al. [10] observed, the natural resources management 

approaches often fail to recognize the fundamental scientific 

principle that the integrity of flowing water systems depends 

largely on their natural dynamic character. This is 

emphasized by Booth and Viers [11], who called for further 

understanding of the seasonal and inter-annual hydrologic 

variability in order to better manage water resources and 

maintain ecosystem services provided by rivers and their 

floodplains. Floodplain ecosystems are among the most 

valuable biomes worldwide (Costanza et al. [12]; and Mitsch 

and Gosselink [13]. The ecosystem services include water 
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purification and storage, flood attenuation, food production, 

and habitat formation, most of which are essential for both 

humans and animals [14]. Since many floodplains have 

recreational, cultural and aesthetic values, they are protected 

by the Ramsar Convention, an intergovernmental treaty on 

the conservation of wetlands of international importance. 

 

In hydrologic terms, floodplains are periodically inundated 

areas occurring in the transition zones between the aquatic 

and terrestrial earth’s surface. The periodic nature of the 

flooding is characterized by a flood pulse, which Junk et al. 

[15] identified to be the principal driving force responsible 

for the existence, productivity and interactions of the major 

biota in river floodplain systems. By definition, flooding 

occurs when the river discharge exceeds the channel carrying 

capacity, or by lateral inflows and direct precipitation. 

Tockner and Stanford [16] observed that the hydrological 

connection between the river and floodplain enables 

exchange of materials and energy as well as the migration of 

biota. Because of the dependence of floodplains on periodic 

flooding, hydrological alterations have a particularly strong 

impact on these ecosystems. Hydrological changes frequently 

result in a reduction in flood peaks, leading to less inundation 

and a smaller flooding frequency in the flooded areas [17]. 

The ecological consequences of flow alterations are 

system-specific [18], and include an overall decline in 

biodiversity [19], shifts in riparian vegetation zones [20], or 

enhanced salinization [21]. In the Anthropocene period of the 

earth’s history, the human forcing of hydrological alterations 

is increasingly becoming significant. Tockner et al. [18] 

documentated that anthropogenic disturbance resulted in 

degradation of up to 90% of Europe’s floodplains and losses 

in total wetland area of 53% in Europe and 60% in North 

America over a historical period of 60 years. For Africa, 

Mitsch and Gosselink [22] reported a 2% loss of the wetland 

area due to human activity.   

 

Analysis of the variability of stochastic, hydrologic 

phenomena has typically consisted in decomposing the time 

series into its deterministic and stochastic components using 

time-series modelling techniques [9]. Deterministic 

components include trends and periodicities, while stochastic 

components include random variations. Deterministic or 

stochastic models have been used as such, depending on the 

focus of research, to estimate the parameters of the 

mathematical relationships between the random variables and 

the probabilities of occurrence of events related to the 

stochastic phenomena. Under the natural flow paradigm, 

several authors have identified different measures for 

identifying the hydrological variability of rivers and have 

provided tools for classifying rivers according to their 

hydrological signature [23]. Providing more detail on the type 

of flow variation, Puckridge et al. [24] have stressed the 

general importance of water level variations even below the 

bank full stage (flow pulses), which might have significant 

influence on the habitat size and characteristics.  

 

The flooding regime of the Zambezi floodplain has 

scarcely been investigated in the reality of stochastic 

variability of rainfall in Zambia. Against the backdrop of 

limited research on the vital ecosystem, the research was in 

order along the following lines of inquiry: 

1) Is there significant variation in the river discharge for the 

Zambezi floodplain over a historical time period? 

2) What are the integrated flow characteristics for the 

Zambezi floodplain based on observed discharges over a 

historical time period? 

3) What is the impact of rainfall variability on the flooding 

regime of the Zambezi river floodplain?  

 

Further to the exposition of the floodplain dynamics and 

the need for research into the Zambezi floodplain in this 

introductory section of the paper, the methodology is 

presented in Section II, which is followed by the results and 

discussion in Sections III and IV respectively. The terminal 

sections of the paper include the conclusion and 

recommendations.  

II. METHODOLOGY 

A. Conceptual Framework  

The Zambezi floodplain is a wetland ecosystem occurring in 

the aquatic/terrestrial transition zone (ATTZ) that is 

periodically inundated by the lateral overflow of the Zambezi 

river. Based on the flood pulse concept and natural flow 

regime illustrated in Fig. 1, the floodplain can be considered 

as an integral part of the system that is periodically coupled 

and decoupled from the parent river by an annual flood pulse, 

which laterally exchanges water, nutrients and organisms 

between the river channel and the connected floodplain. The 

flood pulse is itself characterized by the magnitude, 

frequency, duration, timing and rate of change of water 

discharge over the floodplain. As such the flooding regime of 

the Zambezi floodplain is conceptualised as a hydrologic 

signature of the river's discharge over time revealing 

variations as a function of the precipitation regime in the 

geomorphic and hydrologic spectrum. From this theoretical 

perspective, the impact of the stochastic variability of rainfall 

on the flooding regime of the Zambezi river floodplain can be 

measured by the sensitivity of the river discharge to rainfall. 

 

 
Fig. 1: Conceptual framework for the analysis of the Zambezi 

floodplain dynamics 

B. Study Area 

The study area for the research is the Zambezi floodplain, 
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which occurs along the Zambezi River in the Western 

Province of Zambia. Zambia is a land-locked country located 

in central Southern Africa between latitude 13.1339° South 

and longitude, 27.8493° East. The characteristics of the study 

area are described in terms of topographic (see Fig.2) and 

climatologic characteristics.  

 

 
 

Fig.2: The Zambezi river basin flooding areas (Source: 

GRID-Arendal, 2007) 

 

The floodplain stretches from the Zambezi’s confluence 

with the Kabompo and Lungwebungu Rivers in the north, to a 

point about 230 km south, above the Ngonye falls and south 

of Senanga. To the south around the Ngonye Falls, harder 

rock is found at the surface and has resisted the river's 

tendency to cut a channel down into it, and so acts a bit like a 

dam. Behind it the floodplain is formed. Below the falls, the 

river falls nearly twice as fast as it does on the plain, and 

flows more swiftly in a narrower valley less prone to 

flooding. Along most of its length its width is over 30 km, 

reaching 50 km at the widest, just north of Mongu, principal 

town of the plain, situated at its edge. The main body of the 

plain covers about 5500 km², but the maximum flooded area 

is 10, 750 km² when the floodplains of several tributaries are 

taken into account [25]. 

 

Generally, Zambia’s climate on an altitude ranging 

between 1,000 and 1,300 metres is characterized by three 

distinct seasons (see Table I). Rainfall over the Zambezi river 

basin varies from 500mm in the extreme south and southwest 

part of the basin to more than 1,400 mm in the Upper 

Zambezi and Kabompo sub-basins, in the north-eastern 

shores of Lake Malawi/Nyasa/Niassa in Tanzania, and in the 

southern border area between Malawi and Mozambique 

occurrence [26]. This rainfall distribution has been associated 

with seasonal flooding of the Zambezi river. The peak of the 

flood usually occurs in April after the peak of the rainy season 

in January–February. The flood recedes in May to July 

leaving behind a fertile grey to black soil overlaying the 

Kalahari sands, enriched by silt deposited by the flood as well 

as humus from vegetation killed by the initial flood, and from 

decaying aquatic plants left to dry out in the mud [25]. 

 

 

 

Table I: Zambia’s climatic seasons  

Season Period  Mean 

Daily 

Maximum 

°C  

Mean 

Daily 

Minimum 

°C  

Cool and 

dry 

May-August 21-26  6-12  

Hot and 

dry 

September-October 28-35  17-22  

Warm 

and rainy 

November-April 25-30  14-19  

 

C. Data Collection and Analysis 

The research used secondary time-series data on annual 

rainfall and discharge over a period of 50 years from 

1965-2014 inclusive. The rainfall data were collected from 

the Zambia Meteorological Department, while the discharge 

data were collected from the Ministry of Energy and Water 

Development. In line with the objectives of the research, data 

analysis consisted in estimating the temporal characteristics 

of discharge followed by flow duration analysis of river 

discharge leading to quantification of the sensitivity of the 

Zambezi floodplain to rainfall. The methods of data analysis 

are described in the following sub-sections. 

 

Flow Variability Analysis  

The temporal variability of flow or discharge for the 

Zambezi floodplain was estimated using a variability index 

based on the mean and standard deviation, which is expressed 

as: 

 

                                                        

(1) 

 

Where, δi is variability index for year i; Xi is annual discharge 

for year i; µ is the mean; and σ is standard deviation.  

 

Spectral Analysis  

Spectral analysis was used to identify hidden periodicities 

in the time series distribution of discharge. The objective of 

spectral analysis is to decompose the time-series into 

harmonic, sine wave components. The sine wave component 

is given by Equation 2.  

 

                  (2) 

 

Where, µ is the population mean, λi is amplitude of the wave, 

ɸi is phase of the wave, and i/T is the frequency of the wave. 

The result of spectral analysis is the spectral density function 

or spectrum, which is usually presented in a graphic form 

called a periodogram. In this research, the discharge data are 

subjected to spectral analysis in order to detect the inherent 

periodicities. 

 

Flow Duration Analysis  
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Flow duration analysis (FDA) in hydrological assessments 

consists in fitting a relatively long chronological record of 

flow data to an exceedance probability distribution.  The FDA 

is more robust when longer periods of hydrologic data records 

can be used [27]. This study computed the exceedance 

probabilities for a 50-year record of discharge series using 

Equation 3. 

 

                                                                  (3) 

 

Where, p is probability of exceedance, m is rank of a given 

flow in the ordered series, and n is the number of 

observations. The flow exceedance probability curve is then 

developed by plotting the probabilities against flow values. 

The resultant curve reflects the integrated hydrologic 

characteristics of a catchment area. 

 

Sensitivity Analysis  

The sensitivity of the Zambezi floodplain to rainfall is 

quantified using the precipitation elasticity of streamflow 

[28] and [29], which is the relative change in mean annual 

discharge divided by the relative change in mean 

precipitation as given by Equation 4. 

 

                                      (4) 

 

Where, Pi is the annual precipitation in year i, P¯ is the mean 

annual precipitation, Qi is annual discharge in year i, Q¯ is 

mean annual discharge, and i is year of the time period. 

 

III. RESULTS 

A. Temporal Variability of Flow 

 

Variability of Flow  

The first line of inquiry for the research was to assess 

whether there was significant variation in the river discharge 

for the Zambezi floodplain over a historical time period. 

Using the variability index based on the mean and standard 

deviation of the discharge time series, the inter-annual 

fluctuations in the discharge were computed and visualized 

graphically (see Fig. 3). Visual inspection of the graph 

suggests a high degree of low flow variation in the period 

from 1990 to 2007.  

 

Fig. 3: Flow variability of the Zambezi 

floodplain:1965-2014 

 

In the general sense, a quantitative estimate of the degree 

of departure from the long-term average is 21% as can be 

seen from Table II highlighting the coefficient of variation 

among other descriptive statistics of the discharge.   

 

Table II: Descriptive statistics of discharge time series for 

the Zambezi floodplain 

Statistic Discharge (cumecs) 

No. of observations 50 

Minimum 171.4 

Maximum 634.6 

Median 524.1 

Mean 497.3 

Standard deviation (n-1) 105.9 

Coefficient of variation 0.211 

Skewness (Pearson) -1.859 

Kurtosis (Pearson) 3.019 

 

Periodicity of Flow  

The spectral density of the hydro-climatic signal was 

plotted against the scaled frequency (see Fig. 4) for the 

purpose of detecting any periodicities in the time series based 

on the frequencies corresponding to the peak values of the 

dominant periodicities. 

 

 
Fig. 4: Periodicity of discharge in the Zambezi floodplain 

 

The spectral signature of the discharge hydro-climatic signal 

reveals a frequency of 0.125 corresponding to a periodicity of 

10 years. 

 

B. Characterization of the Flow Regime  

Analysis of the integrated flow characteristics for the 

Zambezi floodplain is based on the observed discharges at the 

Chavuma National Gauge Station (CGS). This is the main 

gauge station before the floodplain. The next major gauge 

station along the Zambezi river is in Livingstone before the 

Victoria falls. The integrated components of flow including 
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magnitude, frequency, duration, timing and rate of change of 

discharge are represented by a flow duration curve, which 

was generated for the study as presented in Fig. 5. 

 

 
 

Fig. 5: Flow duration curve for the Zambezi river 

floodplain 

 

A flow duration curve characterizes the ability of the basin to 

provide flows of various magnitudes, and its shape is 

determined by the hydrologic and geomorphic characteristics 

of the drainage area. The shape of a flow-duration curve in its 

upper and lower regions is particularly significant in 

evaluating the river basin characteristics.  In the high-flow 

region of the curve in Fig. 6, there appears to be a slightly 

steep curve indicating high flows for a relatively short period 

with a high propensity to cause flash floods. A significant 

portion of the curve has a gentle slope indicating that 

moderate flows are sustained throughout the years. The shape 

of the low-flow region appears to be very steep which 

indicates a period of low contribution from surface and 

groundwater sources.   

 

C. Precipitation Elasticity of Streamflow 

A hydrograph along with a time series plot of rainfall was 

generated for the discharge time series in order to visualize 

the variations in the two hydro-climatic variables. The graphs 

in Fig. 6 show that there is alternating increase and decrease 

in the values of the discharges and rainfall amounts from 

1965 to 2014. 

 

 
Fig. 6: Time series visualization of discharge and rainfall for 

the Zambezi floodplain 

 

There is also correspondence between periods of high rainfall 

regimes and periods of high flooding regimes. However, the 

year 1987 recorded an increase in rainfall amount, but a drop 

in the discharge levels. The years 2004 and 2005 also 

indicated a reduction in discharge despite the rainfall values 

taking an upward swing. The deviation from the general trend 

observed in 1987, 2004 and 2005 could be attributed to the 

missing data for water levels that wasn’t recorded for some 

periods. For the purpose of assessing the sensitivity of 

discharge to rainfall, the precipitation elasticity of streamflow 

was computed for the rainfall and discharge time series. The 

elasticity value was found to be 0.03. This meant that there 

was a 3% change in the discharge values for 100% change in 

the rainfall values (see Table III). The result suggests that the 

discharge was not highly sensitive to rainfall for the period 

under review.  

 

Table III: Summary statistics of rainfall and discharge for 

computation of the Precipitation elasticity of streamflow for 

the Zambezi floodplain 

Variable Mean 

Annual 

Rainfall 

(mm) 

Mean 

Annual 

Discharge 

(m
3
/s) 

Precipitation 

Elasticity of 

Streamflow 

Mean 994.336 497.323 - 

Median 1002.70 524.120 0.031 

Minimum 392.400 171.390 - 

Maximum 1494.60 634.570 - 

 

IV. DISCUSSION  

The central hypothesis for this research was that there was 

no significant change in the flooding regime of the Zambezi 

floodplain in response to rainfall variability. Exploratory data 

analysis revealed a notable variation in discharge in the order 

of 21%, thus defying the assumption of stationarity by which 

the statistical parameters of the time series hydro-climatic 

variables were deemed invariant over a historical period of 50 

years.  The variability of flow appeared to correspond with 

the rainfall variations during the same period as expected. 

However, the flow regime as depicted by the flow duration 

curve was found to be insensitive to the rainfall variability. 

This was evident from the gently sloping curve and the low 

precipitation elasticity of streamflow. The possible 

explanation for this is a substantial surface-groundwater 

contribution to river flow from the vast expanse of the 

Zambezi river basin, which transcends eight international 

boundaries within Southern Africa. 

 

The use of the Precipitation elasticity of streamflow as a 

measure of sensitivity of flows to rainfall provides an 

alternative to hydrological modelling requiring several data 

sets, which may be scarcely available in certain river basins 

including the Zambezi. With merely annual rainfall and 

discharge times, a robust estimate of the sensitivity of the 

Zambezi floodplain ecosystem to hydro-climatic variability 

has been made. This is essential to water and environmental 

resources management as was intimated by Chiew et. al. [30] 

that estimates of the sensitivity of streamflow to climate are 
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required to make informed decisions for managing water 

resources and environmental systems to cope with 

hydroclimatic variability and climate change.  Thus, the 

significance of this research cannot be overemphasized.  

 

In spite of the established evidence of robustness of 

discharge against the stochastic variability of rainfall in the 

Zambezi floodplain, a detailed hydro-geomorphic analysis is 

required to provide deeper insight into the changes in the 

flooding regime taking into account a broader spectrum of 

natural and anthropogenic forcing. This would help to 

quantify the flooding regime for integrated wetland 

management linking the dynamics of flooding to the 

biological diversity in the ecosystem. 

V. CONCLUSION 

This research assessed the impact of the stochastic 

variability of rainfall on the flooding regime of the Zambezi 

floodplain. This was justified by the need for more research 

into the changing dynamics of floodplain hydrology in the 

context of global environmental change. The research 

subscribed to the assumption of stationarity of the hydrologic 

time series. As such it was hypothesized that there were no 

significant variations in the floodplain discharge on account 

of rainfall variability. The study was conducted on a temporal 

scale of 50 years from 1965 to 2014 based on observed 

discharges at the Chavuma National Gauge Station. 

Statistical methods of data analysis were employed and 

included exploratory, frequency and sensitivity analysis 

techniques. The results of the analysis revealed significant 

inter-annual variation of 21% in the discharge time series 

with a dominant periodicity of 10 years in its sinusoidal 

discharge signal. The sensitivity of the discharge to rainfall 

was found to be insignificant with a very low precipitation 

elasticity of streamflow of 0.03. In view of these findings, the 

conclusion of the study is that the flooding regime of the 

Zambezi river floodplain is seemingly robust against the 

variability of rainfall over time. However, further research 

needs to be undertaken to provide deeper insight into the 

changes in the flooding regime of the Zambezi floodplain 

taking into account a broader spectrum of natural and 

anthropogenic forcing, and to quantify the flooding regime 

for integrated wetland management linking the dynamics of 

flooding to the biological diversity in the ecosystem. 
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