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Abstract: Arsenic (As), Barium (Ba), Cadmium (Cd), Cobalt (Co), Chromium (Cr), Copper (Cu), Iron (Fe), Manganese (Mn), Lead 
(Pb) and Zinc (Zn) concentrations were investigated in sediments collected from sixteen sampling sites in the Lubumbashi river basin 
and five sites in Kafubu, Kimilolo and Kinkalabwamba rivers during February, March and April 2016. Analyses of the samples were 
carried out using a portable X-RFS (X-Ray Fluorescence Spectrometer). Water pH and OM (Organic Matter) content of the 
sediments were also determined. Trace metal toxicity risk to aquatic organisms was assessed using SQGs (Sediment Quality 

Guidelines)TELs (Threshold Effect Levels) and PELs (Probable Effect Levels)for freshwater sediments. Mean values of pH and 

OM ranged from 4.2 to 7.8 and from 1.27% to 6.22%, respectively. The highest mean levels of trace metals in sediments were 5,438 
mgkg-1dw and 902.5 mgkg-1dw for Cu and Co, respectively in Lubumbashi river 1.45 kilometer downward the Lubumbashi Slag 
heap, 1,534.5 mgkg-1dw and 342 mgkg-1dw for Zn and Pb, respectively at the confluence of Lubumbashi and Kafubu rivers, 
108,900 mgkg-1dw, 547 mgkg-1dw and 174.5 mgkg-1dw for Fe, Ba and Cr, respectively in Kinkalabwamba river, 531 
mgkg-1dw and 22 mgkg-1dw for Mn and Cd, respectively in Kimilolo river, and 37 mgkg-1dw for As at the confluence of 
Tshondo and Lubumbashi rivers. The mean concentrations of As, Cd, Cr, Cu, Pb and Zn in the sediments exceeded the 
corresponding SQGs’ PELvalues and could have adverse effects on aquatic organisms of those rivers. Trace metal contamination of 
the studied sediments might be partially attributed to natural processes, unplanned urbanization and poor waste management and 
mostly to abandoned and ongoing mining and ore processing activities in Lubumbashi city. 

 
Key words: Trace metals, contamination, river sediments, pH, organic matter, Lubumbashi city.  
 

1. Introduction 

Sediments have a high storage capacity of chemical 

pollutants [1, 2] and act as a sink for trace metals [3-7]. 
                                                           

Corresponding author: Bamba Bukengu Muhaya, Ph.D., 
professor, research field: assessing and mapping the 
environmental and health impacts of abandoned mines in 
Sub-Saharan African countries.  

 

Trace metals accumulated in sediments may persist in 

the environment long after their primary source has 

been removed [8] and create a potential for continued 

environmental degradation [7, 9-12] even where water 

column contaminant levels comply with established 

water quality criteria [11]. Sediment-associated trace 

metals represent a risk for organisms living in the 
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sediments and in the water column, especially 

invertebrates and fish, but also for humans through 

human food chain [1, 3, 8, 13-15]. Sediments have 

been reported to be one of the most important tools to 

assess the contamination level of aquatic ecosystems 

[1, 3, 5, 8, 14-17]. 

The origin of trace metals which accumulate in 

sediments is partly from natural sources through the 

weathering of rocks and partly from a variety of 

human activities, including mining, smelting, 

electroplating and chemical manufacturing plants, as 

well as domestic discharges, shipping, boating 

activities … [11, 18]. In many developing countries 

such as D.R. Congo, millions of people do not have 

access to safe drinking water, especially those living 

in rural areas and most of the poor people in urban 

areas, and they largely depend on surface water for 

their domestic water needs [19]. As those people use 

rivers and streams as water source for their drinking, 

cooking, washing, irrigation and recreation needs, 

river sediments heavily polluted by trace metals 

represent a great risk for public health. Indeed, 

resuspension events from natural or anthropogenic 

origin can disturb the biogeochemistry of sediments 

and potentially result in the remobilization of trace 

metals from sediment particles to the water column [7, 

20-23]. The use of metal polluted water for irrigation 

can also cause the death of crops or interfere with the 

uptake of essential nutrients [19, 24-26].  

In the Upper-Katanga province, south-eastern D.R. 

Congo, factors which may be responsible for the 

pollution of water bodies are mainly industrial and 

artisanal mining and ore processing activities [27-30] 

as well as unplanned urbanization and population 

growth [31], and the easy accessibility of rivers for the 

disposal of untreated domestic and industrial wastes 

[27, 28, 32].  

The aim of the current study was to investigate 

trace metal contamination of sediments in the 

Lubumbashi river basin water courses, as well as 

Kafubu, Kimilolo and Kinkalabwamba rivers in 

Lubumbashi city, and to compare the sediment metal 

levels to the sediment quality guidelinesTELs 

(Threshold Effect Levels) and PELs (Probable Effect 

Levels)to know the possible risk of the sediment 

metals for aquatic organisms [33]. The Lubumbashi 

river basin includes Lubumbashi, Tshamalale, Kipopo, 

Kalubwe, Kashobwe, Kabulameshi, Munua, Tshondo, 

Kamalondo and Kamama rivers, as well as Tshibal 

channel and the adjusted Adventist spring and 

Tshamalale-1 quarter spring. Lubumbashi, Kimilolo 

and Kinkalabwamba rivers are Kafubu river tributaries. 

All those water courses are used without prior 

treatment by the people who live along them to meet 

their domestic, agricultural and recreational needs. 

2. Material and Methods 

2.1. Study Area and Sampling 

The study area includes various water courses of the 

Lubumbashi river basin, Kafubu, Kimilolo and 

Kinkalabwamba rivers in Lubumbashi city. The 

Lubumbashi river basin includes Tshamalale, Kipopo, 

Kalubwe, Kashobwe, Lubumbashi, Kabulameshi, 

Munua, Tshondo, Kamalondo and Kamama rivers, as 

well as Tshibal channel, adjusted Adventist spring and 

Tshamalale-1 quarter spring. Waters from both 

springs flow into Tshamalale river. All those water 

courses flow through Lubumbashi, the capital city of 

the Upper-Katanga province in south-eastern D.R. 

Congo (Fig. 1).  

Surface sediment samples of 25-centimeter depth 

were collected from sixteen sampling sites in the 

Lubumbashi river basin and from five sites in Kafubu, 

Kimilolo   and   Kinkalabwamba   rivers.   Of   the 

twenty-one sampling sites, there were three in each of 

Kafubu and Kabulameshi rivers, two in each of the 

Kamalondo, Munua, Tshamalale and Tshondo rivers, 

one in each of the Kamama, Kashobwe, Kimilolo, 

Kinkalabwamba and Tshibal channel, as well as one 

sampling site at each of the adjusted Adventist spring 

and Tshamalale-1 quarter spring (Fig. 1) during 

February, March and April 2016 sampling campaigns. 
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Fig. 1  Map of the river sediment sampling sites in Lubumbashi city. 
 

A Garmin Etrex GPS was used for the determination 

of geographic coordinates of each sampling site. A 

sediment corer was used for the collection of 25-cm 

deep surface sediment samples. Upon collection, each 

sediment sample was put in a sealed plastic bag on 

which a sample code was written with a permanent 

marker. A transparent plastic sticker was sticked on 

the sample code to prevent it from being erased. 

2.2 Sample Preservation 

After collection, the samples were immediately 

taken to the laboratory where they were stored in a 

deep freezer. Later on, they were thawed and dried in 

an oven at 35 °C for 5 days [34]. They were then 

grinded in a porcelain mortar and sieved trough a 

2-mm sieve to obtain fine grain size. Organic matter 

content of the sediments was determined using the 

Walkley and Black method [34]. According to that 

method, the quantitative analysis of OM (Organic 

Matter) is accomplished by analyzing one of its 

constituents, the OC (Organic Carbon). On average, 

OM contains 58% OC or % OC  1.724 = % OM. The 

method of measuring OC is based on the oxidation of 

the latter by potassium dichromate (K2Cr2O7) in a 

strong acid solution (H2SO4). The grinded and sieved 

samples were then stored into 25-mm diameter sealed 

glass vials [X-RFS (X-Ray Fluorescence Spectrometer) 

sample cells] until they were analyzed for trace metals’ 

content. 

2.3 Analytical Method 

The sediment samples were analyzed using an 

X-RFS. The accuracy and precision of the X-RFS 

measurements were evaluated by analyzing a standard 

reference material (soil). That indicated an acceptable 

quality of this method as a screening tool.  
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3. Results and Discussion 

Sediment concentrations of ten trace metals 

including As, Ba, Cd, Co, Cr, Cu, Fe, Mn, Pb and Zn 

(mgkg-1dw), pH and OM at the different sampling 

stations (Fig. 1), as well as the SQGs (Sediment 

Quality Guidelines) for freshwater sediments [33] are 

presented in Table 1. Water pH was very acid and 

ranged from 4.2 to 5.5 in Tshamalale-1 quarter spring, 

Tshamalale river, Kafubu river 1.36 kilometer 

downward its confluence with Naviundu river, Munua 

river, Lubumbashi river at its confluence with Tshondo 

river, Tshondo river at its confluence with 

Kabulameshi river, and Kafubu river at its confluence 

with Lubumbashi river (Table 1). The water pH was 

acid and varied from 5.8 to 6.2 in adjusted Adventist 

spring, Kalubwe river at its confluence with Kipopo 

river, Tshibal channel, and Kabulameshi river. In 

Lubumbashi river 1.45 kilometer downward the 

Lubumbashi Slag heap, water pH was close to neutral 

with the value of 6.9. It was alkaline and varied from 

7.2 to 7.8 in Kinkalabwamba river, Tshondo river, 

Kamalondo river near Wima Lycée, Kimilolo river, 

Kafubu river, Kamalondo river 60 meters from the 

GCM-Lubumbashi smelter (General of Quarries and 

Mines-Lubumbashi smelter), and Lubumbashi river at 

its confluence with Kamama river. 

Sediment mean OM content varied from 1.27% to 

6.22% (Table 1). They were very low in sediments of 

adjusted Adventist spring (1.27%), Tshibal channel 

(1.30%), Lubumbashi river 1.45 kilometer downward 

the Lubumbashi Slag heap (1.34%), Kamalondo river 

near Wima Lycée (1.43%), Kinkalabwamba river 

(1.47%), Kabulameshi and Munua rivers’ confluence 

(1.99%), Kalubwe river at its confluence with Kipopo 

river (2.47%), Kafubu river 1.36 kilometer downward 

its confluence with Naviundu river (2.53%), 

Kabulameshi river (2.57%) and Tshondo river (2.70%). 

Sediments of Munua river, Kashobwe river, 

Tshamalale river, and Kamalondo river 60 meters from 

the GCM-Lubumbashi smelter had low OM content 

values of 3.0%, 3.84%, 3.97% and 4.0%, respectively. 

High OM content of sediments was noted in 

Lubumbashi river at its confluence with Tshondo river 

(4.13%), Kimilolo river (4.16%), Tshamalale river at 

its confluence with water of both springs (4.26%), 

Tshamalale-1 quarter spring (4.49%), Kafubu river 

(4.75%), Lubumbashi river at its confluence with 

Kamama river (5.05%) and Kafubu river at its 

confluence with Lubumbashi river (6.22%). 

Trace metal concentrations in sediments of the 

different rivers are compared to the sediment quality 

guidelines for freshwater sediments [33]. The SQGs 

were used to determine the possible toxic effects of 

the metals on aquatic organisms (Table 1). The results 

indicated that trace metal concentrations in sediments 

from most of the sampling sites largely exceeded the 

recommendation limits of the SQGs for the protection 

of  aquatic  life. The  highest  mean  trace  metal 

concentrations   were   recorded   in   sediments   of 

Lubumbashi  river  (29-45  mgkg-1dw  for  As, 

2,739-6,941 mgkg-1dw for Cu, 127-278 mgkg-1dw 

for Pb and 755-1,520 mgkg-1dw for Zn), except Cr 

concentrations which were highest in Kinkalabwamba 

river sediments (165-184 mgkg-1dw). The highest 

mean Cu and Co concentrations were recorded in 

Lubumbashi river sediments 1.45 kilometer downward 

the Lubumbashi Slag heap (5,438 mgkg-1 and 902.5 

mgkg-1, respectively) but the sediment OM content 

(1.34%) was very low and the pH was below neutral 

(6.9). The very low OM content of the sediments and 

the pH in that river increase the metal bioavailability 

to organisms dwelling in those sediments. It has been 

reported that pH and organic matter are among the 

factors which favor heavy metal retention in soils  

[30, 35], and that organic-rich soils or sediments play, 

for the same reasons as those presenting alkaline   

pH, the role of trapping heavy metals [6, 7, 35, 36]. 

Those mean Cu and Co concentrations in Lubumbashi 

river sediments 1.45 kilometer downward the 

Lubumbashi Slag heap (5,438 mgkg-1 and 902.5 

mgkg-1, respectively) and that of Pb in sediment of 

Kafubu river at its confluence with Lubumbashi river



 

 

 
Table 1  Mean trace metal concentrations in sediments (mgkg-1dw) of the Lubumbashi river basin, Kafubu, Kimilolo and Kinkalabwamba rivers in Lubumbashi city 
during February, March and April 2016.  

Sampling site  
Sample 
code 

pH water 
OM 
(%) 

As 
(mgkg-1)

Ba 
(mgkg-1)

Cd 
(mgkg-1) 

Co 
(mgkg-1)

Cr 
(mgkg-1)

Cu 
(mgkg-1)

Mn 
(mgkg-1)

Pb 
(mgkg-1)

Zn 
(mgkg-1)

Fe 
(mgkg-1) 

 SQGs             

 TELs Na Na 5.9 Na 0.6 Na 37.3 35.7 Na 35 123 Na 

 PELs Na Na 17.0 Na 3.5 Na 90.0 197 Na 91.3 315 Na 

Kalubwe river 1SD 6.0 2.47 ND 222 ND ND 50 180 134 ND 102 28,900 
Confluence of Tshamalale & 
Kipopo rivers 

2SD 4.6 3.97 ND 382 ND ND 69 503 124 56 198 24,900 

Tshamalale river 3SD 4.4 4.26 ND 134 ND ND ND 120 182 ND 62.5 7,150 

Adjusted Adventist spring 4SD 5.8 1.27 ND 170 ND ND 25 164 144.5 ND 47 18,900 

Tshamalale-1 quarter spring 5SD 4.2 4.49 ND 214.5 ND ND ND 347 40.5 27 64.5 34,900 

Kabulameshi river 6SD 6.2 2.57 ND 466 ND ND ND 545 331.5 55.5 225.5 43,700 

Tshondo river 7SD 7.4 2.70 23.5 468.5 ND ND 33 3,467.5 252 240.5 895.5 38,500 
Confluence of Tshondo & 
Lubumbashi rivers 

8SD 5.1 4.13 37 397 ND ND 26.5 3,304 433.5 255 856 34,200 

Munua river 9SD 4.9 3.00 29.5 392.5 ND ND 59.5 1,630.5 171.5 159.5 481 53,850 
Confluence of Munua & 
Kabulameshi rivers  

10SD 5.2 1.99 9 327 ND ND ND 178 349 ND 134 24,000 

Tshibal channel  11SD 6.1 1.30 ND 291 ND ND ND 1321 139 79 787 45,000 

Kashobwe river 12SD 5.9 3.84 ND 379 ND ND ND 682.5 219.5 101 402.5 33,100 

Kamalondo river near Wima Lycée 13SD 7.5 1.43 ND 460 ND ND ND 661 354 53 313 48,400 
Kamalondo river 60 m from the 
GCM-Lubumbashi smelter 

14SD 7.8 4.0 9.5 253.5 18.5 ND ND 946 297.5 100.5 655 25,450 

Lubumbashi river 1.45 km 
downward the Lubumbashi Slag heap 

15SD 6.9 1.34 16 348.5 ND 902.5 ND 5,438 339.5 146.5 1,342.5 98,450 

Kamama river 16SD 7.8 5.05 17 375.5 ND ND 33 1,786 274.5 209 845,5 26,000 

Kafubu river 17SD 7.7 4.75 ND 250 ND ND 20.5 272 241.5 35.5 228.5 20,450 

Kimilolo river 18SD 7.6 4.16 22 420 ND ND ND 271 531 47 270 43,350 
Confluence of Kafubu & 
Lubumbashi rivers  

19SD 5.5 6.22 ND 472.5 56 ND ND 3,161 184 342 1,534.5 40,300 

Kinkalabwamba river 20SD 7.2 1.47 16 547 ND ND 174.5 1,070 347.5 44.5 371 108,900 
Kafubu river 1.3 km downward its 
confluence with Naviundu river  

36SD 4.5 2.53 21.5 396.5 ND ND ND 185.5 152.5 14 418.5 37,350 

SQGs: Sediment Quality Guidelines (Canadian Council of Ministers of the Environment, 2001); PELs: probable effect levels refer to concentration levels above which adverse 
effects are likely to occur; TELs: threshold effect levels represent concentrations below which a toxic effect on aquatic organisms will rarely occur; dw: dry weight; Na: no available 
data; ND: not detected; OM: organic matter; SD: sediment. 
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(342 mgkg-1) were lower than those (47,468 mgkg-1, 

13,199 mgkg-1 and 851.9 mgkg-1, respectively) 

reported for surface sediments of Luilu river [27], but 

they were higher than the Cu, Co and Pb levels (370.8 

mgkg-1, 240.6 mgkg-1 and 5.5 mgkg-1, respectively) 

noted in sediments of Musonoie river in the Kolwezi 

district (Lualaba province, D.R. Congo) [27]. 

Following the recommendation limits of the Canadian 

SQGs for the protection of aquatic life, the TELs 

(concentrations below which a toxic effect on aquatic 

organisms will rarely occur) and the PELs 

(concentration levels above which adverse effects are 

likely to occur) [33] are respectively 5.9 mgkg-1 and 

17.0 mgkg-1 for As, 37.3 mgkg-1 and 90.0 mgkg-1 

for Cr, 35.7 mgkg-1 and 197 mgkg-1 for Cu, 35 

mgkg-1 and 91.3 mgkg-1 for Pb and 123 mgkg-1 and 

315 mgkg-1 for Zn (Table 1).  

Mean sediment trace metal levels above the SQGs’ 

PEL values were recorded at different sampling sites. 

This was the case for As in sediments of Kafubu river 

(21.5 mgkg-1dw), Kimilolo river (22.0 mgkg-1dw), 

Tshondo river (23.5 mgkg-1dw), Munua river (29.5 

mgkg-1dw), and at the confluence of Tshondo river 

with Lubumbashi river (37.0 mgkg-1dw), for Cd in 

sediments of Kamalondo river near Wima Lycée (16.5 

mgkg-1dw), and at the confluence of Lubumbashi and 

Kafubu rivers (56 mgkg-1dw) (Table 1, Fig. 2). That 

was also the case for Cr in Kinkalabwamba river 

sediments (174.5 mgkg-1dw), for Cu in sediments at 

all the sampling sites, except in Kalubwe river, 

adjusted Adventist spring and Tshamalale-1 quarter 

spring (Table 1, Fig. 2). Mean Pb concentrations 

higher than the SQGs’ PEL value of 91.3 mgkg-1dw 

were recorded in sediment samples from Kamalondo 

river 60 meters from the GCM-Lubumbashi smelter 

(100.5 mgkg-1dw), Kashobwe river (101 

mgkg-1dw), Lubumbashi river 1.45 kilometer 

downward the Lubumbashi Slag heap (146.5 

mgkg-1dw), Munua river (159.5 mgkg-1dw), 

Kamama and Lubumbashi rivers’ confluence (209 

mgkg-1dw), Tshondo river (240.5 mgkg-1dw), 

Tshondo and Lubumbashi rivers’ confluence (255 

mgkg-1dw), and Lubumbashi and Kafubu rivers’ 

confluence (342 mgkg-1dw) (Table 1, Fig. 2). The 

sediment mean concentrations of Cr and Fe in 

Kinkalabwamba river (174.5 mgkg-1dw and 108,900 

mgkg-1dw), respectively and that of Zn in 

Lubumbashi river 1.45 kilometer downward the 

Lubumbashi Slag heap (1,342.5 mgkg-1dw) were 

higher than the highest concentrations respectively 

noted in Luilu river (69.3 mgkg-1dw and 116.4 

mgkg-1dw) and Musonoie river (24.6 mgkg-1dw and 

14.5 mgkg-1dw) [27]. 

Mean  concentrations  of  Zn  in  sediments  of 

Kinkalabwamba river (371 mgkg-1dw), Kashobwe 

river (402.5 mgkg-1dw), Kafubu river 1.36 kilometer 

downward  its  confluence  with  Naviundu  river   

(418.5 mgkg-1dw), Munua river (481 mgkg-1dw), 

Kamalondo river 60 meters from the GCM-Lubumbashi 

smelter (655 mgkg-1dw), Tshibal channel (787 

mgkg-1dw), confluence of Kamama and Lubumbashi 

rivers (845.5 mgkg-1dw), and that of Tshondo and 

Lubumbashi rivers (856 mgkg-1dw), Tshondo river 

(895.5 mgkg-1dw), Lubumbashi river 1.45 kilometer 

downward the Lubumbashi Slag heap (1,342.5 

mgkg-1dw), and the confluence of Lubumbashi and 

Kafubu rivers (1,534.5 mgkg-1dw) were higher than 

the SQGs’ PEL value of 315 mgkg-1 (Table 1, Fig. 3). 

Mean Cr levels of sediments were 50 mgkg-1dw at the 

confluence of Kipopo and Kalubwe rivers, 69 

mgkg-1dw in Tshamalale river, 25 mgkg-1dw in the 

adjusted Adventist spring, 33 mgkg-1dw in Tshondo 

river, 26.5 mgkg-1dw at the confluence of Tshondo 

and Lubumbashi rivers, 59.5 mgkg-1dw in Munua 

river, 33 mgkg-1dw at the confluence of Kamama and 

Lubumbashi rivers, 20.5 mgkg-1dw in Kafubu river, 

and 174.5 mgkg-1dw in Kinkalabwamba river, but 

that metal was not detected in sediments of the other 

studied rivers, channel and spring. The mean Cr 

concentrations in sediments of Munua, Tshamalale and 

Kinkalabwamba rivers were higher than those reported 

for sediments of Mvudi river, south Africa [3]. The Cu,  
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Fig. 2  Concentrations of As, Cd, Cr and Pb in sediment samples from the Lubumbashi river basin, Kafubu, Kimilolo and 
Kinkalabwamba rivers (mgkg-1dw) in Lubumbashi city during February, March and April 2016. 
 

 
Fig. 3  Concentrations of Ba, Co, Cu, Mn and Zn in sediment samples from the Lubumbashi river basin, Kafubu, Kimilolo 
and Kinkalabwamba rivers (mgkg-1dw) in Lubumbashi city during February, March and April 2016. 
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Fe, Pb and Zn concentrations noted in Mvudi river 

sediments [3] were much lower than those respectively 

found in sediments of most rivers of the Lubumbashi 

river basin, as well as Kafubu, Kimilolo and 

Kinkalabwamba rivers. Only Mn concentrations noted 

in sediments of Mvudi river [3] were higher than those 

recorded in this study, except those in sediments 

samples from the confluence of Tshondo and 

Lubumbashi rivers (433.5 mgkg-1), and from Kimilolo 

river (531 mgkg-1). The concentrations of Cu, Pb and 

Zn reported by the same authors [37] were significantly 

lower than those respectively recorded in sediments of 

most rivers of the Lubumbashi river basin, Kafubu, 

Kimilolo and Kinkalabwamba rivers in Lubumbashi 

city. On the other hand, the mean concentrations of Zn 

found in sediments of Tshibal channel (787 

mgkg-1dw), Kamama river (845.5 mgkg-1dw), 

Tshondo and Lubumbashi rivers’ confluence (856 

mgkg-1dw), Tshondo river (895.5 mgkg-1dw), 

Lubumbashi river 1.45 kilometer downward the 

Lubumbashi Slag heap (1,342.5 mgkg-1dw), and 

Kafubu river at its confluence with Lubumbashi river 

(1,534.5 mgkg-1dw) were much higher than those 

noted in sediments of Winterbeek river (Belgium) [38]. 

Also, sediment mean concentrations of Cd at the 

confluence of Lubumbashi river with Kafubu river (56 

mgkg-1dw), Pb in Tshibal channel (79 mgkg-1dw), 

Kamalondo river 60 meters from the 

GCM-Lubumbashi smelter (100.5 mgkg-1dw), 

Kalubwe river (101 mgkg-1dw), Lubumbashi river 

1.45 kilometer downward the Lubumbashi Slag heap 

(146.5 mgkg-1dw), at the confluence of Kamama 

river with Lubumbashi river (209 mgkg-1dw), that of 

Tshondo river with Lubumbashi river (255 mg kg-1dw), 

in Tshondo river (240.5 mgkg-1dw) and at the 

confluence of Lubumbashi river with Kafubu river 

(342 mgkg-1dw), were higher than those respectively 

reported for the sediments of Winterbeek river [38]. 

The mean Cu concentrations in sediments of all the 

studied rivers, channel and springs in Lubumbashi city 

(except at the confluence of water from both springs 

with Tshamalale river) were much higher than the 

concentrations of that metal reported for Winterbeek 

river sediments [38]. The sediment mean concentrations 

of Cr in Kinkalabwamba river (174.5 mgkg-1dw), Co 

in Lubumbashi river 1.45 kilometer downward the 

Lubumbashi Slag heap (902.5 mgkg-1dw), Cu in 

Kimilolo river (271 mgkg-1dw), Kafubu river (272 

mgkg-1dw), Tshamalale-1 quarter spring (347 

mgkg-1dw), Kabulameshi river (545 mgkg-1dw), 

Kamalondo river near Wima Lycée (661 mgkg-1dw), 

Kashobwe river (682.5 mgkg-1dw), Kamalondo river 

60 meters from the GCM-Lubumbashi smelter (946 

mgkg-1dw), Kinkalabwamba river (1,070 

mgkg-1dw), Tshibal channel (1,321 mgkg-1dw), 

Munua river (1,630.5 mgkg-1dw), Lubumbashi river 

at its confluence with Kamama river (1,786 

mgkg-1dw), Kafubu river at its confluence with 

Lubumbashi river (3,161 mgkg-1dw), Lubumbashi 

river at its confluence with Tshondo river (3,304 

mgkg-1dw), Tshondo river (3,467.5 mgkg-1dw) and 

Lubumbashi river 1.45 kilometer downward the 

Lubumbashi Slag heap (5,438 mgkg-1dw) were 

respectively much higher than the respective Cr, Co, 

Cu, Zn and Pb concentrations reported for the most 

polluted sediments of the Tisza river, Hungary [13].  

Combined with the low (acid) pH of the water and 

the low OM contents of sediments in most of the 

studied rivers, those sediment metal levels largely 

exceeding the SQGs’ probable effect level values 

increase the metal risk for aquatic organisms living in 

those rivers, and for the health of people who depend 

on those rivers to meet their water supply, irrigation 

and recreational needs. 

The high trace metal contamination of sediments in 

the Lubumbashi river basin, Kafubu, Kimilolo and 

Kinkalabwamba rivers might be partially due to urban, 

hospital and domestic waste dumped in rivers and 

channel, run off from metal-rich soils and mostly to 

artisanal and industrial mining activities with emphasis 

on the GCM-Lubumbashi smelter and the Lubumbashi 

Slag heap. Untreated hospital effluents have been 
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shown to contribute to the accumulation of toxic metals 

in sediments of receiving systems [39]. Solid waste and 

untreated effluents from all those activities, 

atmospheric deposition from the smelters and the slag 

heap to the rivers, channel, springs and soils, as well as 

rain that runs off metal-contaminated soils into various 

rivers and channel account for so high trace metal 

levels of the studied sediments. It has been reported 

that in various hydrometallurgical and smelter plants, 

copper and cobalt extraction is accompanied with 

discharge of by-products rich in Zn, Pb, As, Cd or 

sulfur compounds [40]. Atmospheric fallout from the 

SO2-rich fumes discharged through the chimney of the 

GCM-Lubumbashi smelter contributed to metal 

accumulation in the soils of Penga-Penga plateau in 

Lubumbashi city, and the exploitation of quartz and 

brick-making contributed to the remobilization of trace 

metals through the landscape, soil, air and water [29]. 

Also, during the rainy season, hydromorphic soils in 

the Lubumbashi city bottom valleys collect waste 

enriched with trace metals from various plants all 

around the city, ore-washing carried out by artisanal 

mining exploiters in their residential parcels, malachite 

jewellery-making scattered in the city quarters and 

from a layer of slag spread on avenues to combat dust 

during dry season and mud during rainy season [41]. 

4. Conclusion 

The results of the current study proved that 

sediments of the Lubumbashi river basin, Kafubu, 

Kimilolo and Kinkalabwamba rivers are heavily 

contaminated with trace metals, such as As, Ba, Cd, Co, 

Cr, Cu, Fe, Mn, Pb and Zn. The highest mean levels of 

Cu and Co were recorded in sediments of Lubumbashi 

river 1.45 kilometer downward the Lubumbashi Slag 

heap, those of Cd, Pb and Zn were found in sediments 

at the confluence of Lubumbashi river with Kafubu 

river, and those of Ba, Cr and Fe were noted in 

sediments of Kinkalabwamba river, whereas those of 

Mn and As were respectively registered in sediments 

of Kimilolo river and at the confluence of Tshondo 

river with Lubumbashi river. Mean levels of As, Cd, 

Cr, Cu, Pb and Zn in most sediments of the 

Lubumbashi river Basin, Kafubu, Kimilolo and 

Kinkalabwamba rivers exceed the respective TEL 

values and PEL values of the Canadian SQGs. They 

are at risk for aquatic organisms of the concerned 

rivers and for human beings who live along those 

rivers, especially that low pH and sediment organic 

matter contents make the metals more available for 

bioaccumulation in most of the rivers. Trace metal 

contamination of sediments in the studied rivers, 

channel and springs in Lubumbashi city might be 

partially attributed to natural processes, unplanned 

urbanization and poor waste management and mostly 

to abandoned and ongoing mining and ore processing 

activities. 

Authors suggest that (i) the provincial and national 

governments strictly implement the Congolese Mining 

Regulations for better protection of the environment; 

(ii) swimming in the rivers at heavily polluted sites be 

forbidden; and (iii) environmental monitoring of the 

rivers be regularly carried out and provincial 

authorities be informed of the results to let them take 

adequate protection measures for the population.  
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Abstract: A comparison of field performance of Acacia xanthophloea, Schinus molle, Casuarina equisetifolia and Gravellia robusta 
plant species was made in an exhausted limestone quarry, backfilled with limestone mine waste in a semi-arid area in Athi River, 
Kenya. The aim of the study was to determine if the tree species had an influence on the soil chemical properties. The soil had 
alkaline pH ranging from 8.0 to 8.98, low nitrogen content (< 0.03%), moderate phosphorus concentrations ranging from 44.15 ppm 
to 21.33 ppm and high to moderate exchangeable cations (Na, Ca, Mg and K). All the tree species exerted a positive influence on soil 
properties necessary for plant growth. The pH values and total phosphorus were relatively lower in soils close to the trees (0.5 m) and 
increased with distance from the trees, while the soil values for total nitrogen and exchangeable cations were relatively higher close 
to the trees. C. equisetifolia had the best growth performance and a higher positive influence on the soil chemical properties 
necessary for plant growth followed by A. xanthophloea. It was concluded that trees should remain a feature of quarry rehabilitation 
because of their role in maintaining the biophysical environment. 
 
Key words: Mining, soils chemical properties, rehabilitation, tree species, limestone quarry. 
 

1. Introduction 

Quarrying for limestone is an economic necessity 

that is not only hazardous to human but also one that 

invariably has deleterious effect on the environment. 

Quarrying is the essential first step in cement 

production process because limestone must be 

extracted from below the ground surface to provide 

the construction industry’s raw material. However, 

what remains after the extraction is a large sterile 

quarry that in most cases does not support any life [1]. 

In Kenya, the traditional opencast mining in Athi 

River, which is a semi-arid area near Nairobi, has 

cleared all vegetation and disrupted the ecosystem 

[2-4].  

The resultant impacts include alteration of 

landscape, uneven topography, loss of soil fertility, 

surface crusting and soil erosion [5]. 
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The quarries have sharp drops and the area consists 

of few thorny acacia trees and is covered with huge 

waste dumps from mining operations.  

Rehabilitation programmes have been tried in 

various parts of the world as a means of restoration of 

the land after mining so that its value is similar or 

greater than it was before the disturbance [6]. 

Although unassisted processes of natural colonization 

can deliver fully developed and functional ecosystems, 

they require very long times or may not be successful 

[7, 8]. For these reasons, restoration of mine 

wasteland often requires active human intervention to 

achieve rehabilitation within a reasonable timeframe. 

Soil improvement is important in habitat restoration 

of mining and related disturbed lands. The 

reconstitution and management of a suitable soil layer 

to support vegetation in the long run is a crucial phase 

of landscape rehabilitation [4, 9]. The inadequacies in 

the soil components can frustrate revegetation 

attempts.  
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Experimentation has been undertaken at mine sites 

around the world to attempt to elucidate and overcome 

limitations to vegetation establishment, allowing 

large-scale revegetation schemes to be formulated [10]. 

However, such schemes have often been successful at 

specific sites, and their widespread application is 

limited owing to the great variation in physical, 

chemical and biological factors which exist between 

mine wastes [11]. Information on the performance of 

trees species and its influence on the soil chemical 

properties over time is important as plants are key in 

the revegetation. 

In this study, four tree species, Acacia xanthophleas, 

Casuarina equisetifolia, Schinus molle and Gravellia 

robusta were selected as having fast growth and able 

to reproduce under severe conditions [12-15]. 

2. Methodology 

The study area is approximately 15 km2 and 

situated in Athi river, Machakos County, Kenya, 

approximately 30 km south-east of Nairobi. It lies 

between latitude 1°26’46” S and 1°32’10” S and is 

bounded by the longitudes 36°58’24” E and 37°03’08” 

E, at an altitude of 1,500 metres above sea level. The 

soil is black cotton clay with a high content of sand 

[16]. 

The mean annual temperatures range between 18 °C 

to 26 °C with average annual rainfall of 450 to 900 

mm. The area is characterized by low moisture 

content with a low to medium plant growth potential. 

The ‘Athi Basin’ is underlain by metamorphosed 

sequences of Pre-Cambrian gneisses, quartzites and 

surbodinate limestone. The formation of kunkur is a 

late phase in the weathering cycle associated with the 

concentration of carbonates in solution and its 

precipitation as nodules in clay [17].  

2.1 Field Experimental Designs 

The exhausted quarry was filled with the mine 

waste material and leveled. Four rows, five metres 

apart were created in blocks A, B, C and in each row 

20 holes measuring 40 cm * 40 cm * 40 cm each were 

dug, one metre apart as shown in Fig. 1. All the 80 

holes were filled with water to condition the 

surrounding soil before planting six-month old 

seedlings of each species in different rows using the 

RCBD (Randomised Complete Block Design).  

The sequence of planting the four species in rows in 

each block was varied as illustrated in Fig. 2. Block D, 

the control, was left unplanted. The trees were planted 

in an east-west direction to minimize the shading 

effect [18], and watered twice weekly for the first 3 

months and then twice a month for one year. 

2.2 Soil Sampling 

Soil samples were collected before planting the 

trees, and thereafter every six months after planting 
 

 
1m 

5m

…A. xanthophloea 
 

…C. equisetifolia 
 

…S. molle 
 

…G. robusta 
Fig. 1  Experimental layout showing within the block 
design.  
 

Block A Block B 

A. xanthophloea S. molle  

G. robust A. xanthophlea  

S. molle C. equisetifolia  

C. equisetifolia G. robusta  
 

Block C Block D 

C. equisetifolia 

Control 
S. molle  

G. robusta  

A. xanthophlea 
Fig. 2  Experimental layout of species planted in blocks A, 
B and C. Block D was left unplanted for control. 
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for a period of two years. Soil samples were collected 

using an auger, from depths of 0-15 cm, 15-30 cm and 

30-45 cm horizons at distances of 0.5 m and 2.0 m 

from the planted tree row. The horizons represented 

part of the soils where most roots are present and most 

nutrients absorption occur [19]. Soil from the control 

was collected randomly in the same manner. 

The pH of soil suspension was done using a Jenway 

pH meter Model 3510. Exchangeable Na and K were 

determined by Flame Photometry model number 

BWB-XP. Atomic Absorption Spectrophotometer PG 

Instrument Limited, UK, model number PG-990 was 

used to determine the concentrations of exchangeable 

Ca and Mg. Soil phosphorus was measured by the 

method described by Olsen, S. R. and Sommers, L. E. 

[20]. Organic nitrogen was converted to ammonium 

ion by digestion with sulphuric acid followed by 

sodium hydroxide hydrolysis. The free ammonia was 

distilled off and nesslerised. A grating monochromator 

(Model, CE 2343D) was used to measure the colour 

intensity.  

3. Results and Discussion 

3.1 Chemical Composition and Fertility Status of the 

Material Used to Fill the Quarry 

Soils chemical analysis and nutrient content for 

samples taken after backfilling the quarry and before 

planting are shown in Table 1. It was observed that the 

soils in the study area have on average, alkaline pH 

values (8.99), low organic matter content (0.0474%), 

low total nitrogen (0.005%) and low soil moisture 

content (0.028%), but soil phosphorus was moderately 

present (44.15 ppm). The soils also have high to 

moderate exchangeable bases (Ca, Mg, K and Na), but 

low manganese and zinc concentrations. The soil 

values were compared to by the standard of tropical 

soils [21, 22] and show similar characteristics to 

calcareous soils [23]. 

3.2 Tree Species Growth Rate 

By the end of the observation period, C. equisetifolia 

gained significant (p < 0.001) maximum height (525.3 

cm) followed by S. molle (305.8 cm), A. xanthophloea 

(267.2 cm) and G. robusta (231.7 cm). ANOVA 

(Analysis of Variance) for tree height revealed that a 

time-species interaction was significant (p < 0.001), 

indicating continuous tree growth for all the species. At 

the end of year 2, growth rates for tree height was 

significantly (p < 0.001) higher for C. equisetifolia 

(11.36 cm/month), followed by A. xanthophloea (6.73 

cm/month), S. molle (1.41 cm/month) and G. robusta 

(1.35 cm/month) as shown in Fig. 3. 

3.3 Tree Species Influence on the Soil Chemical 

Properties 

Chemical analysis carried out during the present 
 

Table 1  Soils chemical analysis and nutrient content for soil samples taken within the 0-30 cm horizon, after backfilling the 
quarry and before planting. 

Analysis Value  Remark Recommended levels 

pH 8.98  Alkaline 6.3-7.5 
Total nitrogen (%) 0.005  Low 0.2-0.5 

Organic matter (%) 0.047  Low 1.72-3.43 
Phosphorus (ppm) 44.15  Moderate 20-80 
Calcium (me %) 70.13  High 2.0-15 

Magnesium (me %) 8.43  High 1.0-3.0 
Sodium (me %) 8.89 Moderate 0.0-2.0 
Potassium (me %) 3.66  Moderate 0.2-1.5 

Manganese (me %) 1.86 Low 5-9 
Iron (ppm) 19.33  Moderate > 10 
Zinc (ppm) 4.25  Low > 5 

Copper (ppm) 8.06 Moderate > 1 
Moisture (%) 0.626 Low  
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Fig. 3  Growth rate during the two-year period after 
planting. The vertical bars represent standard error of the 
mean. 
 

study revealed particular significant effects in soil 

chemical attributes. 

3.3.1 Soil pH 

At 0.5 m from the tree line and 0-15 cm horizon, 

the pH value in soils under A. xanthophloea had 

reduced from 8.98 to 8.00; for C. equisetifolia from 

8.98 to 8.03; S. molle from 8.98 to 8.31 and G. robust 

from 8.98 to 8.54. A species effect on pH was apparent 

(p < 0.01), with values being relatively lower in soils 

under A. xanthophloea (8.0) and C. equisetifolia (8.03). 

The species-distance interaction was not significant 

but the pH values were relatively lower in soils close 

to the tree row (0.5 m) and increased with distance 

from the trees as illustrated in Fig. 4. 

Mean soil pH for all horizon, did not vary 

significantly between species but was lower in the 

upper horizon and again showed similar trends, under 

A. xanthophloea and C. quisetifolia which recorded 

lower pH values than pH values under G. robusta and 

S. molle as shown in Fig. 5. 

The relatively lower pH values recorded in the soils 

collected  from  under A. xanthophloea  and  C. 

equisetifolia, than under the other tree species suggests 

that the presence of trees may have had a moderate 

acidifying effect on soils close to the trees, which 

probably may have been attributable to the formation 

of organic acids and release of carbon dioxide due to 

litter decomposition. Since A. xanthophloea and C. 

equisetifolia  are  leguminous  trees,  they  would 

predominantly accumulate more nutrients within their 

biomass than G. robusta and S. molle. This would 

probably result in better growth and hence an increase 

in soil organic matter. Greater nitrification rates and 

nitrate leaching have also been reported to contribute 

to reductions in soil pH, as both processes may cause 

acidification [24, 25]. The significant difference in 

soil pH under the various tree species examined may 

also indicate that the decomposition rate of their litter 

differs, as the addition of organic matter is known to 

reduce soil pH [22, 26]. The result obtained may  
 

  
(a) 0.5 m                                           (b) 2 m 

Fig. 4  Timecourses of soil pH for 0-15 cm horizon at a distance of (a) 0.5 m and (b) 2 m from tree rows. Vertical bars show 
SED (Standard Error Deviation) values for comparing treatments. 
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(a) Six months                                   (b) Twenty four months 

 
Fig. 5  Profile for soil pH in the treatments, at a distance of 0.5 m from the tree row. 
 

  
(a) 0.5 m                                        (b) 2.0 m 

 
Fig. 6  Timecourses of soil total nitrogen (%) content for 0-15 cm horizon, at a distance of (a) 0.5 m and (b) 2.0 m from tree 
rows.  
 

suggest that the organic matter from A. xanthophloea 

is probably more easily decomposed than that from G. 

robusta and S. molle. 

3.3.2 Soil Total Nitrogen 

Soil total nitrogen values recorded were < 0.03% 

under all tree species by the end of the observation 

period. These were below the 0.2% threshold construed 

as adequate for tropical soils [27], which demonstrated 

that soil fertility was low. A species effect on nitrogen 

was significant (p < 0.01), with the soils collected from 

under C. equisetifolia from 0-15 cm horizon and at 0.5 m 

from the tree row recording relatively the highest levels 

of total nitrogen (0.031%) as shown in Fig. 6. This was 

followed by A. xanthophloea (0.028%). The nitrogen 

values were substantially lower under S. molle and G. 

robust (0.023% and 0.019%, respectively), and increased 

with distance from the trees as illustrated in Fig. 6. 

No significant differences were detected between 

sampling depth or treatments, although the values of 

the upper layer (0-15 cm) were consistently higher 

than those of the lower 15-30 cm and 30-45 cm 

horizon as shown in Fig. 7. 
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(a) Six months                                   (b) Twenty four months 

 
Fig. 7  Profile for soil total nitrogen (%) in the treatments at a distance of 0.5 m from the tree row.  
 

The low levels of nitrogen recorded may reflect the 

demand for nitrogen to support the microbial activity 

involved in litter decomposition [28]. The addition of 

leaf litter increases soil organic content, which might 

have induced rapid proliferation of microbial 

populations [26]. The relatively higher values of 

nitrogen recorded for soils under A. xanthophloea and 

C. equisetifolia could be due to the fact that these tree 

species are leguminous and have nitrogen-fixing 

capability. Mycorrhizas and cluster roots may be 

important components in nitrogen acquisition, 

supplementing nitrogen fixation as well as enabling 

uptake of other nutrients, as well as water [29]. 

However, it appears that these processes had not yet 

significantly affected soil nitrogen status, probably 

due to the short period of this study.  

3.3.3 Soil Total Phosphorus 

Soil phosphorus concentrations were moderate ranging 

from 44.15 ppm to 21.33 ppm. Although not significant, 

by the end of the observation period, soils phosphorus 

was lower in the soils collected from under A. 

xanthophloea (25.97 ppm) and C. equisetifolia (21.33 

ppm) than those from under G. robusta (33.89 ppm) 

and S. molle (31.80 ppm) and the values were relatively 

lower close to the tree row (0.5 m) and increased with 

distance from the trees as indicated in Fig. 8. 

These differences can be explained by the observed 

difference in soil pH between the species, since pH is 

known to influence the status and availability of soil 

phosphorus [30, 31]. The predominant mechanism for 

low phosphorus availability on calcareous soils is the 

surface adsorptive reactions of phosphate ions with 

carbonate mineral [32]. A second possibly subsequent 

mechanism for low phosphorus availability is the 

formation of insoluble CaPO4 minerals [33], a 

reaction favoured by high soil Ca concentrations [34]. 

Micorrhizal associations may increase phosphorus 

uptake in calcareous soils [35].  

3.3.4 Soil Exchangeable Cations 

The effect of tree species on soil cation exchange 

capacity was examined. Relatively high concentrations 

of exchangeable calcium ranging from 22.17 to 70.17 

me %, sodium ranging from 2.59 to 88.89 me % and 

magnesium from 3.42 to 8.43 me % were recorded. 

Potassium recorded average values ranging from 1.54 

to 3.66 me % [21]. No significant differences between 

species or with distance were detected. However, at 

the end of the observation period, the soil concentration 

of all the exchangeable cations (Ca, Na, Mg and K) 

had decreased. As observed in Figs. 9 and 10, these 

values were lowest close to the tree row (0.5 m) and 

increased with distance. This indicates that uptake of 

these nutrients by root activity is most pronounced 

close to the tree species [35]. 
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(a) 0.5 m                                          (b) 2.0 m 

 
Fig. 8  Timecourses of soil phosphorus (ppm) content for 0-15 cm horizon at a distance of (a) 0.5 m (b) 2.0 m from tree rows.  
 

  
(a) 0.5 m 

  
(b) 2.0 m 

 

Fig. 9  Timecourses of soil exchangeable cations (Na and Ca) content (me %) for 0-15 cm horizon at a distance of (a) 0.5 m 
and (b) 2.0 m from tree rows.  
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(a) 0.5 m 

  

 
(b) 2.0 m 

Fig. 10  Timecourses of soil exchangeable cations (Mg and K) content (me %) for 0-15 cm horizon at a distance of (a) 0.5 m 
and (b) 2.0 m from tree rows.  
 

As it was also found in other studies, the 

exchangeable soil contents especially of calcium and 

magnesium decreased and exchangeable acidity 

increased with time and under cropping [36, 37]. In 

most soils, Ca and Mg are more susceptible to 

leaching than potassium [38]. Potassium is usually 

leached in much smaller quantities. 

4. Conclusion 

Although the mine waste used to backfill the quarry 

was of poor quality to support plant growth, the 

positive influence of all tree species on the soil 

chemical properties led to an increase in soil fertility. 

C. equisetofolia and A. xanthophloea showed the most 

significant improvements as evidenced from highest 

growth rates. There was a species-specific response 

from each tree type probably due to the different 

water-nutrient use strategies and growth rates. Trees 

should remain an essential feature of quarry 

rehabilitation in semi-arid environments due to their 

role in improving and maintaining the biophysical 

environment. 
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Abstract: The vulnerability of Egypt to potential impacts of sea level rise has been considered. It was recognized that many locations 
in Egyptian Coast, on Mediterranean Sea (Mersa Matruh, Alexandria and Port Said) and on Red Sea (Hurghada), are highly 
vulnerable to the potential impacts of sea level rise, salt water intrusion and increase of frequency and severity of storm surges. The 
aim of this study is to investigate the monthly average and the variations of sea level and meteorological conditions along the 
Egyptian Mediterranean and north Red Sea coasts. Monthly mean cycles and correlation coefficients between MSL (Mean Sea Level) 
and different meteorological parameters were also calculated. The analyzed data was from 2007 to 2009 covering 3 years of hourly 
recorded sea level and meteorological parameters were used except for Hurghada sea level was for 2007 and 2008. Sea level 
harmonic analyses were done by using TOGA (Tropical Ocean and Global Atmosphere) software. Sea level variations were also 
computed, and it was 20.1, 20, 0.1 and 55.3 cm in Alexandria, Port Said, Mersa Matruh and Hurghada respectively. The annual of the 
tidal constituents were computed to determine the MSL. Surge calculations were done by using TOGA software and eliminating the 
predicted tide from the observed sea level. The average calculated surge was also analyzed that the highest surge happened during 
summer and the lowest during winter in Alexandria and Port Said, while the highest surge was during winter and the lowest during 
summer in Hurghada. The surge variation was very weak in Mersa Matruh. The result of multiple regression analysis is a statistically 
significant relationship between the variables at the 99% confidence level. 
 
Key words: Surge, harmonic, tide, correlation, temperature. 
 

1. Introduction 

MSL (Mean Sea Level) is the measure of the average 

height of the ocean’s surface (such as the halfway 

point between the mean high tide and the mean low 

tide), used as a standard in reckoning land elevation. 

Higher global ambient temperatures, thermal 

expansion of ocean waters, subsidence of coastal lands 

and increased melting of sea ice are just some of the 

factors that can contribute to sea level rise. Some 

estimates predict that sea level rise of approximately 

50 cm could result from these factors. The effect on 

vulnerable coastlines, coastal communities and coastal 

infrastructure would then range from serious to 

catastrophic. The social, economic, cultural and 

ecological foundations of human life in these areas 

could be seriously affected [1]. 

Currently, sea level change is of considerable 
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interest because of its potential impact on human 

populations living in coastal regions and on islands. 

This study focuses on regional sea level variations and 

the effect of meteorological elements on it over time. 

Any rise in sea level will have adverse impacts (e.g. 

coastal erosion and flooding) which depend on the 

time scale and the magnitude of the rise, as well as the 

associated human response. 

A rise in sea level may be due to a multiple factors 

at various time scales. Not only atmospheric storms or 

river flooding in estuaries [2], but also the sinking or 

rising of land (and similar non-climate related changes) 

is linked to isostasy or the construction of buildings. 

Sea level changes are a subject of many 

interdisciplinary investigations such as a greenhouse 

effect and the global temperature changes. A rise in 

sea level will generate a need for a coastline 

protection and possible intrusion of seawater into 

freshwater areas in the future [3]. All these suggest the 

necessity of a careful study of mean sea level changes. 

D 
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A surge is an offshore rise of water associated with 

a high and low pressure weather system. Surge is 

caused primarily by winds that push the ocean’s 

surface. The wind causes the water to move higher or 

lower than the ordinary sea level. Pressure at the 

center of a weather system also has a small secondary 

effect, as well as the bathymetry of the body of water. 

It is the combined effect of atmospheric pressure and 

persistent wind over the water body which is the most 

common cause of surge. The term “storm surge” in 

casual (non-scientific) use is storm tide; that is, it 

refers to the rise of water associated with the storm, 

plus tide, wave run-up and freshwater flooding. When 

referring to storm surge height, it is important to 

clarify the usage, as well as the reference point. NHC 

(National Hurricane Center) tropical storm reports 

reference storm surge as water height above predicted 

astronomical tide level and storm tide as water height 

above NGVD-29 (National Geodetic Vertical Datum-29). 

It represents an ocean reaction to the large-scale 

impact of atmospheric pressure and wind. Irregular 

currents and level variations related to movement of 

pressure disturbances over sea-shelf might cause 

floods on flat coasts sometimes leading to catastrophic 

consequences. [4] 

The tidal harmonic analysis technique is the main 

tool in analyzing of tidal data which collected from 

hourly tidal observations by tide gauge. From this 

technique, the amplitudes and phase angle of the tidal 

constituents and mean sea level at a specific location 

can be determined, which used in prediction of tide for 

the same locations. 

The effect of wind on sea level is very variable and 

depends largely on the topography of the coastline [5]. 

The direct effect of the tangential stress of the wind on 

the sea surface brings about arising or a lowering of 

the sea level. 

A strong wind blowing straight on shore will pile 

up the water and cause the raising up in sea level, 

while wind blowing off the land will have the reverse 

effect. 

Owing to the influence of the earth’s rotation, the 

moving water masses are deflected to the right in the 

northern hemisphere and to the left in the southern 

hemisphere. When these water masses reach the 

coastline, the sea level increases rapidly, since the 

water is piled up, resulting thus in a positive storm 

surge or set-up. If the net water transport is directed 

away from the coast, the result is lowering in the sea 

level, which is described as a negative storm surge or 

set-up the most pronounced storm surges generally 

arise in relatively shallow sea regions bordering the 

oceans and in shallow marginal [6]. 

2. Research Problem 

The objective of this paper is to identify and assess 

some of the main vulnerable areas to sea level rise in 

Egyptian Governorates on Mediterranean and Red 

Seas. The main objective is to identify vulnerabilities 

to sea level rise and to assess adaptation measures and 

point out the urgent need to build up institutional and 

human capacities to approach the problem and to 

identify gaps, points of strength and weakness, options 

of adaptation and needs for sustainable development.    

2.1 Research Questions 

What is the effect of Sea Level Rise on the 

Egyptian Economy? 

When does the effect of Sea Level Rise start to arise? 

3. Research Methodology 

This research is a descriptive research to investigate 

the monthly average and the variations of sea level 

and meteorological conditions along the Egyptian 

Mediterranean and north Red Sea coasts and is using 

the following procedures: 

(a) Literature review; 

(b) Analysis of Sea Level Data during the period 

(2007 to 2009) by using TOGA (Tropical Ocean and 

Global Atmosphere) and STATGRAGH softwares; 

(c) Suggestions based on the statistical results and 

previous studies for solving the research problem. 
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4. Literature Review  

Meligy, M. M. [7] studied wind waves and surge 

and applied these methods along the Egyptian coast of 

the Mediterranean Sea and studied the effect of the 

depression movements on the wind waves along the 

Egyptian coast of the Mediterranean Sea at Alexandria, 

Abu Qir and Ras Elbar during the period 1992 to 1995. 

The storm surge at Alexandria from observed sea level 

during the period 1995 to 1998 was calculated. The 

mean sea level was also found 51 cm. 

Dawod, G. et al. [8] studied the mean sea level 

along the Egyptian coast of the Mediterranean Sea 

with observations at Alexandria during the period 

(2001-2003) and collecting data from 1944. Also at 

Portsaid, during the periods of 1990-1991, 1997-2003 

and 1926-1965, the mean sea level was found 51 cm. 

5. Analysis of Sea Level Data during the 
Period (2007 to 2009) 

5.1 Tide Interaction 

The difference between actual sea level (with its 

seasonal, annual and inter-annual components excluded) 

and the sum of surge and tidal level components is a 

commonly accepted measure of this interaction [4]. 

5.2 Surge Heights Estimation 

The surge at any location, derived from the 

observation of the sea level may therefore be regarded 

as consisting of a part generated by wind stress acting 

tangentially over the sea surface, and another part 

generated by barometric pressure [9]. The 

meteorological effects on sea level are superimposed 

on the normal astronomical tide. To compute the 

storm surge at a coastal location from a sea level 

recorded there, the main problem is the elimination of 

the tide. This can be done by various methods [9]. 

5.3 Elimination of the Predicted Astronomical Tide 

Method 

In this method, it is desired to eliminate the 

astronomical sea level elevation from the observed 

one by subtraction of the predicted tide from the 

recorded heights to get the hourly surge heights. 

In order to be able to predict the tide at any place, it 

is necessary as a first step to determine the harmonic 

components and their respective phase angles, and 

then it becomes a process of addition and 

multiplication to predict the tide. 

5.4 Sea Level Harmonic Analysis 

The tide is caused by the attraction of the sun and 

the moon on the oceans and the rotation of the earth. 

The precise pattern at any particular spot along the 

coast depends strongly on the shape of the coastline 

and on the profile of the seafloor nearby. Furthermore, 

in shallow seas, bays and estuaries co-oscillating tides 

and resonance contribute to a large amount to the final 

shape of the tides. The tides at any specific location 

are essentially impossible to be calculated 

theoretically even though the generating gravitational 

forces are very precisely known. 

Coastal seas frequencies occur in shallow water. 

The shallow water constituents are called compound 

tides and over tides. They are mainly results of the 

nonlinear dynamic processes which are present in the 

physics governing the motion of water, namely: 

 Dependence of the celerity of a tidal wave on the 

actual water depth; 

 Nonlinear bottom friction; 

 Advection of momentum. 

From the monthly analysis result, author can conclude 

that: the maximum values in August are 61.6 and 70 

cm, while the minimum value in April is 40.6 cm and 

in February 50 cm. And the differences between the 

maximum and the minimum values are 20.1 and 20 

cm in Alexandria and Port Said, respectively. 

The minimum value in Mersa Matruh was 32.7 cm, 

while the maximum was 32.8 cm, and the difference 

between the maximum and the minimum values was 

0.1 cm. Therefore, there is a very small change in 

Mersa Matruh’s sea level during the year.  
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The maximum value in Hurghada in December was 

140.9 cm, while the minimum in August was 85.6 cm, 

and the difference between the maximum and the 

minimum values was 55.3 cm. Therefore, there is a 

large change in Hurghada’s sea level during the year. 

Tables 1-4 represent the annual tidal constituents 

using harmonic analysis in the four stations. 

The difference between the maximum and the 

minimum values were 2.9, 0.04, 0.002 and 4.4 cm for 

Alexandria, Port Said, Mersa Matruh and Hurghada, 

respectively, so the highest change in sea level happened 

in Hurghada and the lowest in Mersa Matruh. 

The MSL in Alexandria is 51 cm, and this agreed 

with results got by Meligy, M. M. [7] and Dawod, G. 

et al. [8] and bigger than the results got by Rady, A. [5] 

and El Din, S. S. et al. [10]. 

5.5 Surge Calculation 

The result of the elimination of the predicted tide 

from the observed sea level is the calculated surge. 

Elimination of the predicted tide from the observed 

sea level made by using sea level data processing on 

the TOGA software, for Alexandria, Port Said, Mersa 

Matruh and Hurghada during the period of study. 

Tables 5-8 are the monthly average surge in 

Alexandria, Port Said, Mersa Matruh and Hurghada 

respectively, during the period of the study. 

The maximum surge values happened in July   

34.1 cm, August 11.5 cm, April 0.36 cm and February 

14.6 cm, and the minimum surge values happened in 

February 9.29 cm, February -10 cm, June -0.43 cm 

and August -15.4 cm in Alexandria, Port Said, Mersa 

Matruh and Hurghada respectively. 

The differences between the maximum and the 

minimum values are Alexandria 24.8 cm, Port Said 

21.5 cm, Mersa Matruh 0.8 cm and Hurghada 30 cm. 

Table 9 illustrates the yearly average surge in    

the area of study that Alexandria has maximum value 

21.4 cm while Mersa Matruh has the minimum value 

-0.08 cm. 
 

Table 1  The annual tidal constituents using harmonic analysis in Alexandria during the period from 2007 to 2009 (AL: 
amplitude) (GL: phase angle). 

2007 2008 2009 

SO 
Al 52.903 50.059 49.882 

GL 0 0 0 

MM 
Al 3.6456 4.1908 2.9625 

GL 190.56 193.38 184.59 

MSF 
Al 2.2734 3.2418 3.2219 

GL 166.08 149.96 174.3 

O1 
Al 2.1076 0.8098 1.1077 

GL 212.83 196.59 167.34 

M1 
Al 0.7591 0.5075 0.5329 

GL 221.83 233.89 153.73 

K1 
Al 1.7676 1.8301 1.4123 

GL 224.8 201.58 153.49 

MU2 
Al 0.9888 0.8136 0.6085 

GL 213.51 203.81 166.55 

N2 
Al 0.8364 0.9389 0.7786 

GL 203.22 149.58 215.18 

M2 
Al 2.7248 3.2938 1.0238 

GL 278.49 195.38 141.26 

L2 
Al 1.1072 0.9883 1.0983 

GL 188.6 223.02 166.8 

S2 
Al 2.205 2.0567 1.0722 

GL 292.31 317.98 217.49 
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Table 1 continued 

2007 2008 2009 

2SM6 
Al 1.2971 0.6712 0.8273 
GL 292.26 222.37 86.39 

K2 
Al 0.5995 0.5589 0.2937 
GL 294.3 319.38 219.07 

NU2 
Al 0.1622 0.181 0.1528 
GL 203.87 148.94 215.58 

 

Table 2  The annual tidal constituents using harmonic analysis in Port Said during the period from 2007 to 2009        
(AL: amplitude) (GL: phase angle). 

2007 2008 2009 

SO 
Al 62.739 62.745 62.77 
GL 360 360 360 

MM 
Al 0.0076 0.0054 0.0168 

GL 211.01 210.31 354.92 

MSF 
Al 0.0011 0.0011 0.0088 
GL 44.07 218.15 190.47 

O1 
Al 0.1673 0.1748 0.1871 

GL 83.73 339.48 70.71 

MF 
Al 0.004 0.0046 0.0049 
GL 307.78 14.08 202.33 

K1 
Al 0.1791 0.1871 0.1911 

GL 267.44 270.74 91.38 

MU2 
Al 0.0373 0.0381 0.0406 
GL 238.67 39.16 223.71 

N2 
Al 0.2358 0.236 0.2333 

GL 237.73 225.2 232.95 

M2 
Al 1.2403 1.2312 1.218 
GL 75.57 335.57 247.24 

L2 
Al 0.0334 0.0373 0.04 

GL 99.09 272.48 80.33 

S2 
Al 0.7011 0.7 0.7018 
GL 253.98 253.86 254.16 

2SM6 
Al 0.0009 0.0015 0.0025 

GL 7.19 261.55 4.48 

K2 
Al 0.1475 0.1577 0.1701 
GL 61.02 67.88 69.44 

NU2 
Al 0.0426 0.043 0.0438 

GL 81.43 148.8 240 
 

Table 3  The annual tidal constituents using harmonic analysis in Mersa Matruh during the period from 2007 to 2009   
(AL: amplitude) (GL: phase angle). 

2007 2008 2009 

SO 
Al 32.793 32.795 32.792 

GL 360 360 360 

MM 
Al 0.0009 0.0023 0.0026 

GL 1.86 286.55 287.19 

MSF 
Al 0.002 0.0006 0.0015 

GL 273.26 53.76 351.34 

O1 
Al 0.0846 0.0871 0.0954 

GL 79.9 335.39 65.3 
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Table 3 continued 

2007 2008 2009 

MF 
Al 0.0006 0.0011 0.0011 

GL 114.93 180.62 183.32 

K1 
Al 0.1806 0.1844 0.1917 

GL 266.56 270.69 91.59 

MU2 
Al 0.0215 0.021 0.0225 

GL 247.93 49.89 228.13 

N2 
Al 0.1403 0.1355 0.1332 

GL 241.92 231.1 237.7 

M2 
Al 0.7248 0.7201 0.7138 

GL 80.87 340.2 252.39 

L2 
Al 0.0172 0.0212 0.0231 
GL 99.02 277.13 88.66 

S2 
Al 0.401 0.3985 0.3984 
GL 258.72 258.64 258.66 

2SM6 
Al 0.0027 0.0028 0.0023 
GL 67.33 224.1 240.36 

K2 
Al 0.0836 0.0897 0.0984 
GL 65.72 72.15 74.43 

NU2 
Al 0.0267 0.0277 0.0279 
GL 83.54 160.23 242.24 

 

Table 4  The annual tidal constituents using harmonic analysis in Hurghada during the period (2007-2008) (AL: amplitude) 
(GL: phase angle). 

2007 2008 

SO 
Al 105.1667 100.732 
GL 360 360 

K1 
Al 0.214111 0.1958 

GL 195 199 

MSF 
Al 0.102811 0.03266 
GL 169 149 

O1 
Al 0.101 0.0986 

GL 207 206 

Q1 
Al 0.019222 0.0192 
GL 202 205 

SK3 
Al 0.004 0.00285 

GL 177 128 

N2 
Al 0.488667 0.5074 

GL 158 162 

M2 
Al 2.492667 2.4934 
GL 175 174 

J1 
Al 0.011667 0.0074 

GL 235 180 

S2 
Al 0.401222 0.431 

GL 200 206 

2SM6 
Al 0.001722 0.00175 
GL 179 219 

ETA2 
Al 0.015778 0.021 

GL 170 136 

MK3 
Al 0.002867 0.0024 
GL 183 204 
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Table 5  The average calculated surge in Alexandria (2007 to 2009). 

2007 2008 2009 

January 20.51 19.99 10.52 

February 14.31 12.60 9.29 

March 16.89 10.23 12.28 

April 15.17 12.92 17.15 

May 15.03 14.24 17.44 

June 19.82 21.50 25.79 

July 34.10 25.42 24.90 

August 27.25 33.68 28.13 

September 24.54 30.68 27.23 

October 29.73 31.45 26.12 

November 24.62 23.34 25.38 

December 23.14 20.87 24.30 
 

Table 6  The average calculated surge in Port Said (2007 to 2009). 

2007 2008 2009 

January -4.46 - 4.91 -1.45 

February -9.96 - 10.01 -1.45 

March -9.90 - 9.98 -1.41 

April -5.38 - 5.014 1.20 

May 0.03 0.04 2.32 

June -0.04 0.10 2.29 

July 4.44 4.94 3.33 

August 10 10.01 11.52 

September 10.04 9.94 10.39 

October 5.67 5.12 6.003 

November 0.07 0.06 2.21 

December -0.01 - 0.026 -2.32 
 

Table 7  The average calculated surge in Mersa Matruh (2007 to 2009). 

2007 2008 2009 

January -0.22386 -0.25801 -0.28302 

February -0.14379 -0.02404 -0.01572 

March 0.138889 0.157051 0.143082 

April -0.02778 0.059295 0.366352 

May -0.04739 -0.19231 -0.04717 

June -0.29739 -0.29487 -0.43239 

July -0.11111 -0.28526 -0.29088 

August -0.02778 -0.13141 -0.16352 

September 0.091503 0.145833 0.081761 

October 0.132353 0.092949 0.25 

November -0.0719 0.144231 0.040881 

December -0.36765 -0.1875 -0.26572 
 

Table 8  The average calculated surge in Hurghada (2007-2008). 

2007 2008 

January 12.358 12.1557 

February 14.6296 14.6777 

March 13.554 13.6053 
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Table 8 to be continued 

2007 2008 

April 5.08333 5.06918 

May - 2.638889 - 2.75 

June - 6.441358 - 6.347484 

July - 12.61111 - 12.57704 

August - 15.30864 - 15.38836 

September - 11.67901 - 12.02673 

October - 5.479938 - 5.742138 

November 1.75154 1.97013 

December 8.50309 8.50472 
 

Table 9  The yearly average surge in the area of study. 

2007 2008 2009 

Alexandria 22.0925 21.41 20.71083 

Port Said 0.041667 0.0225 2.719417 

Mersa Matruh -0.07966 -0.0645 -0.05136 

Hurghada 0.143385 0.095915 N/A 
 

5.6 The Effect of the Meteorological Elements on the 
Sea Level 

Figs. 1-4 represent the relation between air 

temperature, atmospheric pressure, wind speed, mean 

sea level and surge at the four stations during the 

period of the study.  

5.7 The Relation between the Meteorological Elements 
and Sea Level 

Correlation analyses were made to investigate the 

relation between the meteorological elements and sea 

level (Tables 10-13). 

The Tables 10-13 illustrate that:  

(1) Alexandria: there is a very strong (inversely 

proportional) relation between temperature and 

pressure and wind speed, while a strong directly 

proportional relation with mean sea level and surge; 

(2) Port Said: there is a very strong (inversely 

proportional) relation between temperature and 

pressure, while a strong directly proportional relation 

with mean sea level and surge; 

(3) Mersa Matruh: there is a very strong (inversely 

proportional) relation between temperature and 

pressure, and a very weak relation with wind speed, 

mean sea level and surge; 

(4) Hurghada: there is a very strong (inversely 

proportional) relation between temperature and 

pressure and surge, and a moderate relation (inversely 

proportional) with mean sea level. 

There is a very strong (inversely proportional) relation 

between temperature and pressure, and this result is in 

good agreement with earlier studies in the four stations. 
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Fig. 1  The relation between air temperature, atmospheric pressure, wind speed, mean sea level and surge at Alexandria 
during the period of the study [11]. 
 

 
Fig. 2  The relation between air temperature, atmospheric pressure, wind speed, mean sea level and surge at Port Said 
during the period of the study [11]. 
 

 
Fig. 3  The relation between air temperature, atmospheric pressure, wind speed, mean sea level and surge at Mersa Matruh 
during the period of the study [11]. 
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Fig. 4  The relation between air temperature, atmospheric pressure, wind speed, mean sea level and surge at Hurghada 
during the period of the study [11]. 
 

Table 10  The relation between the meteorological elements and the sea level (correlation coefficient) in Alexandria during 
(2007 to 2009) [12]. 

Temp-erature Wind speed Mean sea level Surge 

Temp. -0.83784 0.86746 0.793879 

Pressure -0.90785 0.647319 -0.75668 -0.55977 
 

Table 11  The relation between the meteorological elements and the sea level (correlation coefficient) in Port Said during 
(2007 to 2009) [12]. 

 
Temp- 
erature 

Wind speed Mean sea level Surge 

Temp. -0.50403 0.781984 0.897681 

Pressure -0.86811 0.151156 -0.51857 -0.66988 
 

Table 12  The relation between the meteorological elements and the sea level (correlation coefficient) in Mersa Matruh 
during (2007 to 2009) [12]. 

 
Temp- 
erature 

Wind speed Mean sea level Surge 

Temp. -0.40474 0.359916 -0.0244 

Pressure -0.82816 0.381917 -0.35686 0.184157 
 

Table 13  The relation between the meteorological elements and the sea level (correlation coefficient) in Hurghada during 
(2007-2008) [12]. 

 
Temp 
erature 

Wind speed Mean sea level Surge 

Temp. 0.636155 -0.68665 -0.93729 

Pressure -0.96465 -0.66255 0.68576 0.885001 
 

5.8 The Multiple Regression Analysis 

The multiple regression analysis was made for the 

four stations using STATGRAPH plus software to 

determine the constant factors and the relation 

between the dependent and independent variables. 

 

The dependent variable is surge and the 

independent variables are atmospheric pressure, air 

temperature and wind speed. The results of fitting a 

multiple linear regression model are to describe the 

relationship between surge and the three independent 

variables. The equation of the fitted model is: 
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Alexandria: 

1918.71 2.2934 x Temp. 1.8255 x  

Pressure 2.56088 x Wind       (1) 

Port Said: 

2.40126  0.69188 x Temp.  

  0.0127671 x Pressure 2.08985 x Wind   (2) 

Mersa Matruh: 

16.8784  0.0115497 x Temp.   

0.026647 x Pressure  0.068286 x Wind    (3) 

Hurghada: 

426.618  2.39901 x Temp.  – 

 0.342131 x Pressure  0.15657 x Wind   (4) 

There is a statistically significant relationship 

between the variables at the 99% confidence level. 

6. Conclusions 

(1) Egypt’s coastal areas on the Red and the 

Mediterranean Seas are exposed to the potential 

adverse effects of sea-level rise in varying amounts. 

The coastal Egyptian Governorates have realized the 

danger of these impacts on their economy and have 

begun positive steps towards adaptation to potential 

economic or social hazards; 

(2) Urban expansion in coastal areas, especially in 

densely populated areas, poses a major threat on 

coastal property in that area; 

(3) There is no accurate data regarding the decline 

of coastal lands on the Mediterranean Sea, especially 

in areas under extraction of oil and gas, which poses a 

threat on investment in those areas; 

(4) Climate change poses a threat on coastal and 

noncoastal enterprises due to high droughts, floods 

and sea level rise. Egyptian authorities are taking 

preventive measures to reduce these risks; 

(5) The Egyptian authorities also plan and 

implement proactively for sustainable development in 

threatened areas in order to preserve the right of the 

future generations to live safely; 

(6) The Egyptian Governorates bordering the Red 

and the Mediterranean Seas shall take the necessary 

measures to adapt to future changes in the absence of 

potentials where decision makers make the strategic 

decisions regarding the development of coastal areas 

to adapt to possible changes. 

7. Recommendations 

(1) Develop the database for monitoring the sea 

level to include the Mediterranean and Red Seas, 

where the Egyptian authorities have a climate database 

for sufficient time to carry out the necessary studies; 

(2) The Egyptian authorities working in the field of 

studying and monitoring climate change should 

provide the required data for studies on climate 

change (eg sea level, storms, salinity of water, soil, 

coastal temperatures, phytoplankton, pattern of 

erosion and information on coastal areas) for 

researchers to conduct studies and can therefore 

provide information on adaptation to future climate 

change; 

(3) The General Authority for Remote Sensing shall 

provide the necessary images for study in the coastal 

areas to identify and assess the rates of land 

degradation and sea level rise; 

(4) Support the researchers in the fields of sea level 

study, wastewater treatment and saline-contaminated 

plants, as well as supporting awareness programs   

for coastal communities and building Egyptian 

capacities; 

(5) Studying the sea level is very important for 

navigation, petroleum activities, shore instructions and 

Suez Canal. As this research is dealing with tide, 

harmonic components, mean sea level, surges and 

their relations with the meteorological elements, it is 

highly recommending to continue this study 

depending on more data and develop a strategy for the 

study of changes in sea water levels; 

(6) Egyptian Public Authority for Shore Protection 

shall review the Egyptian coastal protection projects 

on the Mediterranean and the Red Seas to determine 

whether minor or effective changes can be made after 

conducting the necessary studies in cooperation with 

the scientific authorities; 
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(7) All the departments have to cooperate together 

in order to have a better results to help the 

development of the Egyptian coast; 

(8) Get familiar with the new software for analysis; 

(9) Follow up implemented case studies and carry 

out assessments and suggestions for improving and 

disseminating information to various concerned 

authorities; 

(10) Establishment of an information database 

concerning investment in the coastal zone; Make data 

and information transparent to planning authorities, 

EIA (Environmental Impact Assessment) experts and 

investors. 
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Abstract: This brief conceptual paper contributes a sustainability theoretic perspective of an urbanization paradigm known as 
Compact City. Compact City is an urban planning and development concept which promotes relatively high population density 
associated with an integrated and mixed-use land district. It is enabled by transit-oriented development and results in low 
transport-related energy consumption and reduced the GHG (Greenhouse Gases) pollution. Compact City conserves the natural 
capital of land mass and subscribes to the strong sustainability ethics. ICT (Information and Communications Technology) could be 
deployed to optimize the Compact City operations by first tackling some of the development problems associated with Compact City 
and also unleashing new urban innovations and functionalities to achieve sustainable urbanization. The paper suggests and elucidates 
several general systemic synergies archetypes such as co-benefits, cascading, ICT infrastructure reuse, etc., which could be leveraged 
to facilitate the emergence of compact green smart and resilient city. These archetypes are solutions to the Compact City paradigm 
thus conductive to the development of a Sustainability Science of Compact City. 
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1. Introduction: The Universal Trend of 
Urbanization 

Currently, over half of the world’s population lives 

in urban areas, and that number is expected to 

continue to grow. The United Nations predicts that by 

2050 over two-thirds of people will live in cities (Fig. 

1). Such a major shift (almost 1.5 million people a 

week) is bound to have significant and even 

irreversible consequences in terms of the demands on 

natural capitals. Are people prepared for such a 

momentous change in the way the world’s population 

lives and the resultant interaction with the natural 

environment taking place at city level? 

This communication suggests that to fully exploit 

the many benefits of urbanization and its resultant 

demand on the natural environment, a fundamental 

paradigm is necessary: the idea of using technology 

                                                           
Corresponding author: Kwok Shum, senior lecturer, 

research fields: sustainable development, urban sustainability 
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and social organization to substitute and to optimize 

natural capitals during the urbanization process. This 

is to protect and preserve natural capitals such as land 

mass and air quality (i.e. generally both sources and 

sinks) and to create and sustain economical and social 

development to achieve sustainable urbanization. 

Authors illustrate this using Hong Kong as a 

Compact City as example. Authors will start by 

reviewing the major paradigms of sustainability, the 

benefits and disadvantages of Compact City, the 

definition of a Smart City and conclude with a 

conceptual framework of Sustainability Science how 

to facilitate the move from a Compact City to a CSGR 

(Compact Smart Green Resilient) City. 

2. Major Paradigms of Sustainability 

In Our Common Future, commonly referred to as 

the Brundtland Report [1], the definition of sustainable 

development was first proposed as “Sustainable 

development is development that meets the needs of 

the present without compromising the ability of future 
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Fig. 1  The rising urban population [2]. 
 

generations to meet their own needs”. It contains 

within it a key observation relevant to author’s 

discussion of urbanization: the idea of limitations 

imposed by the state of technology and social 

organization on the environment’s ability to meet 

present and future needs. In other words, with 

advanced physical and social technologies, authors 

could minimize their impacts to the environment and 

make inter-generational sustainability more likely. In 

the context of urbanization, authors are interested to 

explore how technology could be harnessed to sustain 

the urbanization process. Given the fact that authors 

are living within a (closed) biosphere [3] which is not 

growing, the various life-supporting sources and sinks 

functions of authors’ environment, if not managed 

properly, are expected to be depleting. In this vein, 

could technology come to the rescue? 

Economists have formulated the sustainability 

problem from both absolute and relative points of 

view [4]. The absolute perspective, otherwise known 

as strong sustainability postulates that authors should 

hand the same stock of natural capitals which authors 

inherit to their next generation intact, and that 

technology and natural capitals, viewed as production 

factors or inputs to their economic activities, are only 

complements; i.e. the two could not substitute each 

other. An example follows: the mastery of fish 

farming or aquaculture could not substitute or mimic 

the production process associated with natural fishery, 

not to mention the former gives rise to a host of 

environmental problems. The relative perspective, 

otherwise known as weak sustainability postulates that 

the future generation only needs from the current 

generation the equivalent “productive potentials” of 

natural capitals rather than a stock of any given 

natural capital. In the case of crude oil, for example, 

what the future generation needs from the current 

generation is not really about how much crude oil the 

current generation leaves for them but the capability 

of generation of energy or electricity from oil. Viewed 

this way, technology embodied in products such as 

solar panels, wind turbines, could be used as a 

substitute of crude oil as natural capital in the 

anthropogenic pursuit of the economy. Running out 

natural capital is acceptable because technology could 

replicate the functionalities of the [now lost] natural 

capital. The dichotomy of weak vs. strong 

sustainability is a rather stylized representation of 

sustainability. In fact, they represent the extremes of a 

continuum of sustainability ethics. Real life 

sustainability policy may lie anywhere along that 

continuum. 

3. Hong Kong as a Compact City 

Hong Kong is a noted economy in Asia and the 

world. Its per capita GDP in 2016 according to the 
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International Monetary Funds stands at about 59,000 

International Dollar which is in par with that of the 

US. It boosts 1,379 regional headquarters in 2016 

(census and statistics department) and is consistently 

ranked as one of the top ten most competitive 

economy (World Economic Forum). It is one of the 

densest cities in the world: the average population 

density of built-up area is about 27,330 persons per 

square kilometers. The densest populated districts in 

2011 were Kwun Tong (about 55,200 persons per 

square kilometers). In fact, all of Hong Kong’s 

population lives on approximately 76 square 

kilometers of land which is merely 7 to 8% of its land 

area (in which about 20% of land is steep slopes of ≥ 

30° in gradient hard to be used for development). It is 

an exemplar of a Compact City associated with a 

high-density development strategy. From a natural 

capital point of view, the Compact City paradigm 

conserves land (mass) as a natural capital. 

3.1 What Are the Benefits and Disadvantage of 

Compact City? 

The advantages of high-density living or 

development are many. First, it preserves land with 

conservation value such as unique biodiversity1. In 

Hong Kong, about 67% of the land area is natural 

landscape and more than half is designated as country 

parks not purposed for development. The Cullinan, 

Union Square Package 6 in the Kowloon MTR (Mass 

Transit Railway) station boosts around 270 meters 

high. Vertical development, enabled by state of art 

construction technology, economizes land masses 

(think of an alternative sprawling development plan 

which would house the same 1,000 households on flat 

land) thus subscribing to the strong sustainability 

paradigm. On the other hand, the fact that such 

construction technologies “amplify” the potentials of a 

“given” land mass could be seen as a case to use 

technology to substitute the natural land mass [5] and 

                                                           
1  Over 50 species of terrestrial mammals, 236 species of 
butterflies, 185 species of freshwater fish, 538 species of birds.  

could be interpreted as weak sustainability. Compact 

City therefore subscribes to both strong and weak 

sustainability, the former because it saves natural 

capitals, the latter because it uses technology to 

substitute for land consumption otherwise necessary. 

Second, the concentration and collocation of 

economic activities, associated with a higher 

population density and with better home-job balance2 

would stimulate knowledge generation and diffusion 

and create economic opportunities in a mixed-used 

community or neighborhood. This would create an 

“economy of density” [6] in the provision and demand 

for services. 

Last but not least, higher population densities can 

create necessary threshold for mass transit alternatives 

to enable compact TOD (Transit-Oriented 

Development) [7]. The physical infrastructure (e.g. 

railway) connecting different high-density sites could 

leverage on the familiar economy of scale amortizing 

the costs of development across a large ridership. The 

so-called rail + property development model also 

creates values for properties along the rail line. The 

railway as a backbone or the “string of pearls” model 

enables an integration of urban, transport and 

environmental planning contributing to the foundation 

of urban sustainability. The specific urban planning 

requirements within each high density district such as 

walkability, cyclability, accessibility and permeability 

are beyond the scope of this paper and interested 

readers could consult [7] for more details. 

Despite all these advantages, the concentration of 

concrete structures and impervious surfaces with low 

albedo trap the local city heat, giving rise to 

micro-climate such as due to UHI (Urban Heat Island) 

effects. In Hong Kong, the temperature summit [8] or 

the day time maximum temperature in the town 

centers could be 3 to 5 C higher than the nearby 

maximum temperature readings of the Hong Kong 

Observatory. UHI would in turn aggregate the global 

                                                           
2Home-job balance would reduce travel related emissions due 
to lesser travel needs.  
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climate effects and result in higher frequency of local 

rainfall. The air pollution within a city would also be 

trapped due to the canyon effects associated with the 

urban geometry of high rise building and skyline. 

Reduced vegetation not only inhibits 

evapotranspiration but also stormwater absorption 

capacity rendering a higher likelihood of flooding. 

While there are not without solutions to adapt these 

via urban planning layout, reduction of thermal load 

(such as through energy efficiency initiatives to 

reduce energy demands) and creation of breezeways 

or modification of urban geometry based upon air 

ventilation assessment, reduction of building heights, 

use of suitable building materials etc., such local 

effects do pose a limit to compaction. 

Looking forward, any sustainable development 

strategy based on the Compact City paradigm must be 

ambidextrous: on the one hand, it must proceed with 

climate resilient urban planning practices aiming at 

the mitigation and adaptation of a Compact City’s 

negative externalities; on the other hand, new city 

functionalities must continually be developed upon 

the physical compact urban form and operations to 

improve quality of life, operations efficiency and to 

bolster economic competitiveness, migrating to the era 

of Smart City. 

4. What Is a Smart City and What Enables 
It? 

According to Cohen, B. [9], a city is smart in at 

least six aspects, namely: smart mobility, smart 

environment, smart economy, smart living, smart 

people and smart government. It relies on the 

deployment of an Internet or, more generally, an ICT 

(Information and Communication Technology) 

infrastructure and data from various sensors are 

operated upon to create values such as improved 

efficiencies or innovative and economic values. In 

particular, Dameri, R. P. and Rosenthal-Sabroux, C. 

[10] define the objective of “Smart City” as to 

leverage ICT to improve the quality of life of citizens, 

optimize resource usage and maintain sustainable 

development. Ojo, A. et al. [11] define that “Smart 

Cities” are urban innovation and transformation 

initiatives which aim to harness physical infrastructure, 

ICT, knowledge resources and social infrastructure 

(social organization and capitals) for economic 

regeneration, social cohesion, better city administration 

etc.. It is important to generalize the notion of Ojo, A. 

et al. [11]. Urbanization draws upon a multitude of 

capitals (forum for the future): not only natural 

capitals but also technologies, social capitals or 

governance to deliver a diversity of improved urban 

efficiency and novel values. Several examples of Smart 

City applications in Hong Kong leveraging/synergizing 

the built infrastructure and digital infrastructure are 

illustrated in the next section. 

4.1 Synergies of Physical and Digital Infrastructure in 

Three Scenarios 

Example 1: In Hong Kong, the DSD (Drainage 

Services Department) [12] is utilizing real-time sensor 

(digital infrastructure) to facilitate the drainage 

operations. Real-time water level sensors are installed 

at the Happy Valley Underground Stormwater Storage 

Scheme (the physical built flood mitigation 

infrastructure) which helps to control the weir crest 

level to ensure that the filling of the storage tank 

would start at the most optimal time to prevent 

premature or late overspill of stormwater into the 

storage tank. This digital information reduces the 

design capacity of the storage tank by as much as 30% 

thus minimizing the amount of excavation for 

construction and thus the total construction time. This 

example demonstrates how the ICT infrastructure 

could be retrofitted to amplify the capacity of the 

already built physical infrastructure associated with a 

Compact City. 

Example 2: Compact City can enhance accessibility 

to local services. More dense neighborhoods have 

more access to daily service functions (convenience 

stores, banks, post offices, medical facilities, stations, 
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etc.) within walking distance. Higher quality of life in 

turn attracts more talented people to cities and large 

population in turn demands more services and this 

sustains a growth virtuous circle. 

An (digital) app which would display the arrival 

time (information) of a bus in a multi-modal shift 

transit-oriented development terminal would allow a 

passenger to use the idling time spent waiting for bus 

to do shopping in the nearby (compact) mix-use high 

service density neighborhood [6], contributing to the 

local economy. It goes without saying that a parking 

app operating on geo-spatial data optimizes the time 

searching for car park, mitigating traffic congestion 

and greenhouse gases emissions and increasing 

productivity. This app could also enables the “first 

mile, last mile” concept and to promote the concept of 

a walkable city by recommending points of interest 

and with the provision for pedestrians to leave 

feedbacks. Equipped with open CCTV surveillance 

data (without breaching applicable privacy regulations), 

such app could also be used as smart crowd 

management system, thus further optimizing the 

usability and capacity of the physical infrastructure. 

Example 3: CAPCARE (City Action Platform for 

Climate Change & Energy Saving). This is a GIS 

(Geographic Information System) platform under 

development in Hong Kong for integrating [open] data 

at different granularity such as: environmental, 

climate data provided in a typical UCM (Urban 

Climatic Map), energy data obtained from a digital 

electricity meter and the BMS (Building Management 

System) at the building level, all in the context of a 

compact development (physical) infrastructure. This 

platform has the potential to do self-diagnostic and 

instigate self-healing (mitigation) of the operations of 

the stock of physical infrastructure by incentivizing 

behavioral changes based on objective [real time 

digital] data. It is estimated that it has the potential to 

reduce energy and carbon dioxide density from 2005 

level by 40% by 2025 and 60-85% by 2030 

respectively [13]. 

5. Conceptualizing Transition from Compact 
to CSGR City 

The above three examples demonstrate that the 

deployment of ICT infrastructure and the utilization of 

operations data, if available, could enhance the 

operations efficiency of an existing built infrastructure 

and also optimize design capacity decision of the 

physical infrastructure made a long time ago. 

A physical infrastructure usually has an operations 

life of at least half a century and once it is built, it 

enables and also constrains the social and economic 

activities with associated environmental implications 

to a city or a neighborhood, and its long-lasting effects 

should not be underestimated. With all the advantages 

of a Compact City, digital infrastructure and digital 

data could optimize and amplify the potentials and 

capacities of the fixed physical infrastructure in the 

midst of momentous urbanization. To conceptualize 

how to upgrade a city from Compact City to CSGR 

City (Fig. 2), several best practices and principles 

could be suggested: 

(1) [Co-benefits] To optimize the combined effects 

of local micro-climate (e.g. urban heat island effects) 

and global climate change, the pursuit of both 

mitigation and adaptation is indispensable. Projects 

could be chosen and prioritized if they could both 

mitigate and adapt climate effects. This not only 

economizes project expenditure but also expedites 

much needed climate actions. 

Urban farm is a prime example of providing the 

co-benefits of mitigation and adaptation (Fig. 3). It 

first curtails greenhouse gases emissions associated 

with the “food miles” produce need to travel otherwise. 

Due to evapotranspiration, it could also lower the 

temperature (by 5 C or more) of the proximity (e.g. 

the rooftop) where the farm area is situated thus 

depressing the energy consumption for air conditioning 

which will further alleviate the waste heat ejected 

locally.  Lesser impervious surfaces would also 

increase the water retention capability thus making the 
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Fig. 2  Synergizing the built and ICT infrastructure to facilitate the emergence of Compact Smart and Resilient City. 
 

 
Fig. 3  Projects which deliver mitigation, adaptation and both [14]. 
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Fig. 4  The architecture of synergy of a CSGR City (adapted and modified from the advisory paper of the Smart City 
Consortium [13, 15]). 
 

neighborhood more ready for stormwater of heavy 

rainfalls thus reducing the flood hazards. Urban 

farming creates a virtuous mechanism to mitigate and 

adapt the local climate effects and it will also improve 

food self-sufficiency and create jobs. 

(2) [Cascading] Discrete green infrastructure needs 

to be joined-up to amplify their combined mitigation 

and adaption potentials. A concrete example is the 

integration of blue and green infrastructure which 

incorporates urban water management to irrigate the 

green infrastructure such as different urban 

afforestation programs. Another joined-up 

arrangement or possibility is to use the roof top spaces 

(which used to house the chillers and other HVAC 

(Heat Ventilation Air Conditioning) machinery) of 

buildings served by a district cooling system, now 

made available, for urban roof-top farming. This 

greatly amplifies the potentials to mitigate the urban 

heat island effects for high density neighborhood with 

canyon effects. 

(3) [Infrastructure Reuse] While authors have 

outlined several scenarios of using digital data to 

optimize and enhance the operations efficiency of a 

given fixed built (compact) infrastructure above, a 

more general architecture of the interaction of the 

physical built and digital infrastructure could be 

conceptualized as reuse of the digital ICT 

infrastructure or platform [15, 16] across many smart, 

green and resilient end applications (Fig. 4) to 

facilitate the emergence of a CSGR City. It is 

important to note that this reuse is above and beyond 

the utilization of a given hardware technology 

infrastructure but also involves social learning across 

different applications and project developers. This 

social learning is especially important if such 

applications are perceived as tangible solutions 

implemented by change agents to sustainability 

problems. The emphasis upon use-inspired solutions 

and actions is a central tenet of the emerging field of 

Sustainability Science [17, 18]. In a more advanced 
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formulation, the digital [core] infrastructure and the 

diverse applications would co-evolve [19] thus 

leading to a more functional kernel to support 

increasing diversity of smart green resilient digital 

applications. 

The above diverse archetypes of synergies and 

others could be further elucidated and 

conceptualized as the important ingredients of a 

Sustainability Science of Compact City. 

(4) [Sustainability Ethics] The much simplified 

explanation of the two strands of sustainably at the 

outset could be used to inform the future development 

of a CSGR City. The compact paradigm operates on 

the premise that land mass, a critical exhaustible 

(excluding the reclamation of land) natural capital, 

needs to be conserved and a limit of how much land to 

use or keep must be maintained. On the other hand, 

for the allotted land mass for development, state of the 

art technology such as high-rise building, urban planning 

code, transportation infrastructure, etc. could be used 

to maximize the land development potentials. A building 

of 10 storeys (or a plot ratio of 10) could house the 

same number of households in 1/10 of the land masses 

compared to if these households are located in a flat 

land. Strictly speaking, the deployment of technology 

could be interpreted as substituting land masses and 

this is the central tenet of the weak sustainability 

paradigm. This convenience is not free of problems as 

compact development also leads to a host of negative 

environmental externalities which would also need 

technologies to solve. Viewed this way, Compact City 

development embraces both strong and weak 

sustainability paradigms, the former on the limiting of 

land masses consumed and the latter on the solutions 

to the diverse operations and implementation issues of 

the compact development strategy. It could be suggested 

that if the development density and congestion has 

come to a limit or maximum, new lands must be made 

available. This brings people back to the strong 

sustainability issue of the magnitude of land to use or 

preserve and policy makers need to go beyond just 

optimizing the synergies within the previous limit and 

trigger a new compact development cycle (Fig. 2). 

6. Conclusion & Future Works 

This paper motivates viewing the ongoing 

urbanization process via Compact City strategy from 

the strong vs. weak sustainability point of view. 

Authors elucidate the multiple roles of technology 

which optimizes the use of natural capitals (e.g. land 

mass) and mitigates the associated environmental 

externalities of a Compact City; specifically, 

technologies such as ICT could be deployed to further 

introduce novel urban functionalities based on the 

existing infrastructure. 

Authors postulate that the Sustainability Science of 

Compact City could be formulated as addressing the 

various sustainability problems by leveraging several 

practical archetypes of synergies: those within the 

built infrastructure such as co-benefits of climate 

mitigation and adaptation  and cascading (or 

joined-up actions of otherwise disconnected green 

activities) and those across the built compact 

infrastructure and the digital ICT infrastructure such 

as the reuse of a common ICT platform to develop a 

suite of smart green resilient solutions to optimize the 

operations of the built infrastructure and develop new 

functionalities. Future research could be directed at 

elucidating the specific mechanisms of such synergies 

and the stakeholders’ organizational implications. 

Another potential topic is to study when such 

synergies become not able to tackle the problems 

within a full Compact City and which then warrants a 

new compact development cycle to be triggered [3]. 
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Abstract: Community’s participation is fundamental in understanding the factors that influence their access to and utilization of 
tourism resources. It is a plausible way of involving local communities in the planning and management of the available resources for 
their sustainability. This study examined the socio-economic characteristics of the households in Murchison Falls Conservation Area 
to understand how they influence their participation in tourism and eventually enhance household welfare. Using household survey 
and key informant interviews, data were collected on demographic and socio-economic characteristics of the respondents and 
analyzed using Binomial Logit Regression in order to show the factors that influence participation of households in tourism. It was 
found that the households’ characteristics significantly influenced their participation. In particular, level of education (r = 0.824), 
engagement in farm labor (r = 0.651), provision of services to the tourists (r = 0.841), income (r = 0.83) and landholding (r = 0.689) 
significantly influenced households’ participation in tourism. On the other hand, age (r = 0.59) and period of residence (r = 0.430) did 
not significantly influence the households’ participation in tourism. These results suggest that a clear understanding of the households’ 
socio-economic characteristics is a vital step in engaging them meaningfully in tourism activities meant to enhance their livelihoods. 
Equally important is the need for tourism managers and local government leaders to consider these characteristics when designing 
policies and strategies to enhance community involvement and management of tourism at a conservation area level. 
 
Key words: Local community, participation, tourism, conservation area. 
 

1. Introduction 

Globally, tourism has been recognized as one of the 

drivers of socio-economic transformation because of 

its contribution to national development, poverty 

reduction and improvement of households’ livelihoods 

[1-4]. For example, revenues from tourism 

significantly contribute to the economies of 

developing countries as a source of foreign exchange, 

employment and contribution to balance of payments. 

Because of these benefits, developing countries 

promote tourism as a means of creating jobs, 

diversification of household incomes and 

improvement of the local people’s welfare. However, 

in order to realize the above benefits, it is important to 

involve the local people and incorporate their needs 

and expectations in tourism planning and development 

[5].  
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There has been a concern as to whether national, 

regional and local economic development and 

people’s welfare can be improved by tourism 

programmes in wildlife protected areas. Evidence 

from research suggests that tourism can contribute to 

both national and local socio-economic development 

[4]. Opportunity, empowerment and security have 

been cited as critical factors that enhance tourism’s 

contribution to national development and poverty 

reduction [6]. Zhao, W. and Ritchie, J. B. [6] noted 

that these factors can collectively reduce poverty. For 

instance, opportunity in tourism offers access to 

economic activities while empowerment enhances the 

local people’s ability to participatein tourism. On the 

other hand, security is equally important because it 

ensures that local people can move, interact and 

engage in tourism related businesses freely and 

confidently. 

Apart from the national level, tourism is an 

important and effective driver of local economic 
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development [4, 7]. However, such development can 

only be sustained if a number of factors are considered 

concurrently including local community participation 

in the development process [5]. Lack of participation 

would result in failure to achieve the purpose and 

objectives of development [8]. As a driver of local 

economy, the impact of tourism is felt when revenue 

from tourists’ enters the local economy and the local 

people benefit from the ripple effects. There are 

multiple benefits from tourism because of the large 

number of businesses in the sector whose activities 

range from production to supply of an array of goods 

and services including textiles (linens), foods and 

beverages, equipment and supplies, labour, tour and 

transportation services and souvenirs among others. 

Reports by different authors [3, 9, 10, 11, 12], 

illustrate the benefits of tourism and how they are 

linked to improvement of households’ livelihoods and 

among others.  

In this chapter, efforts have been made to analyze 

factors that determine households’ participation in 

tourism and how it influences households’ livelihoods 

at the local community level. Studies by Hussain, A. 

H. et al. [13], Faridi, M. Z. et al. [14] and Mishra, A. 

K. and Khanal, A. R. [15] have indicated that 

socio-economic status of households, especially in 

rural settings, influences their capacities to participate 

in tourism activities which in turn contribute to their 

improved livelihoods. According to Faridi, M. Z. et al. 

[14], local participation generally helps to increase 

acceptance, ownership and inclusion of the poor in 

socio-economic development and growth in a 

bioregion. In this chapter, local community 

participation in tourism activities has been examined 

with a view to understanding how such participation 

contributes to improved welfare of households. The 

study focused on the analysis of socio-economic and 

demographic profiles of the local community living 

around MFCA (Murchison Falls Conservation Area) 

and how they determine the participation of 

households in tourism activities. 

1.1 A Brief Overview of Local Community 
Participation in Tourism 

Local community participation in development 

activities has been widely documented in literature. As 

a concept, local participation in development activities 

is regarded as a bottom-up process that empowers 

disenfranchised groups thus providing them with 

opportunity to have a say and greater control over 

decisions and activities that affect their lives and 

well-being [2]. In terms of tourism, local people need 

to participate in the planning, development and 

management of tourism activities in their areas. This 

is because it is important to ensure that tourism is 

developed to meet the aspirations and expectations of 

the local communities particularly those who live 

adjacent to the protected areas that have tourism 

programmes. In this way, tourism programmes will be 

sustainable as they will be supported by local people. 

According to Pretty, J. [16], local participation is a 

critical factor to the success of development projects. 

As such, development projects and programmes 

implemented by NGOs (Non-Governmental 

Organizations) and governments need to incorporate a 

strong aspect of local community participation [16, 

17]. 

Local community participation in development 

programmes including tourism has been categorized 

as (1) passive participation; (2) participation in 

information giving; (3) participation by consultation; 

(4) participation for material incentives; (5) functional 

participation; (6) interactive participation; and (7) 

self-mobilization [16, 18]. According to Pretty, J. [16] 

and France, L. [18], self-mobilization is perhaps the 

most crucial of all the seven categories because 

without it the local communities would not have a 

platform to make meaningful contributions to 

decisions that are made to guide the implementation of 

development programmes that benefit them. Clearly 

then, the benefits received by local communities from 

tourism and related activities will depend on the extent 

to which they have been involved and the equitable 
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manner in which the benefits have been shared [19]. 

Mannigel, E. [20] reported that the levels of 

community participation range from sharing of 

information to a full transfer of power and 

responsibilities. On the other hand, the level of 

participation influences the strength of decision 

making and the magnitude of impact resulting from 

the development activities.  

Whereas local community participation in tourism 

activities is important, there are also several constrains 

encountered and these have been discussed by 

Scheyvens, R. [21], Timothy, D. J. [22], Tosun, C. [23, 

24], Matarrita-Cascante, D. [25] and Coria, J., and 

Calfucura, E. [26]. Generally, many local communities 

are heterogeneous with unequal opportunities and 

different expectations. For example, some communities 

lack or have limited information, resources and power 

to access the benefits of development activities [27]. 

Other limitations pointed out by Tosun, C. [23] relate 

to tourism, for instance, centralization of tourism 

administration, attitudes of professionals towards 

tourism, lack of human and financial resources as well 

as dominance of the elite in tourism development. 

These have created the impression that tourism 

programmes often benefit those who have the capacity 

to participate in the planning, development and 

management of tourism [26] which is not often the 

case. This capacity is referred to as self-mobilization 

because it empowers the community to make and 

execute decisions [16, 28, 29].  

In view of the above, this study examined the 

influence of demographic and socio-economic 

characteristics of local communities on their 

participation in tourism activities upon which their 

livelihoods partly depended. The objectives were to (i) 

examine the involvement of households in tourism 

and related activities that improve their livelihoods; (ii) 

examine the revenue sharing programme between 

MFCA and the adjacent local communities; and (iii) 

determine the extent to which demographic and 

socio-economic characteristics of the households 

influence their participation in tourism. The study 

answered the following questions: what are the 

tourism related activities that households living 

around MFCA participate in? What are the tourism 

related activities that households living around MFCA 

participate in? To what extent do the demographic and 

socio-economic variables of the households influence 

their participation in tourism related activities?  

2. Methods 

2.1 Study Area 

Murchison Falls Conservation Area is located in 

north western part of Uganda between latitudes 1o42’ 

N and 02o15’ N and longitude 31o24’ E and 32 o14’ E. 

It comprises the following protected areas: MFNP 

(Murchison Falls National Park), Bugungu Wildlife 

Reserve, Karuma Wildlife Reserve and AWR (Ajai 

Wildlife Reserve). Fig. 1 shows the protected areas 

covered in this study namely MFNP (3,893 km2), 

Bugungu Wildlife Reserve (501 km2) and Karuma 

Wildlife Reserve (678 km2). MFCA is bordered by the 

districts of Nwoya in the north, Nebbi to the northwest, 

Bulisa in the southwest, Kiryandongo to the east and 

Masindi to the south. The study was conducted in 

Pakanyi, Ngwendo, Mutunda, Pakwach and Purongo 

sub-counties that border the MFCA and have entry 

gates to the protected areas.  

The sub-counties were purposively selected because 

of two main reasons: firstly, they are adjacent to 

MFCA and the local communities were expected to be 

aware of and benefit from tourism activities in the 

Park; secondly, some of the households in the 

sub-counties lived near the Park’s entry gates where 

tourism activities were concentrated and they 

participated in them. From these sub-counties, a total 

of 335 households were selected at random and 

interviewed. 

2.2 Data Collection 

Both primary and secondary data were collected. 

Primary  data  was  collected  with  the  help  of  a 
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Fig. 1  Location of the study area. 
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questionnaire to households and interviews with key 

informants. Questionnaires comprised of closed and 

open-ended questions administered to gather 

information on the socio-economic and demographic 

profiles of the households, participation in tourism 

and the contribution of tourism to households’ welfare. 

Key informants comprised staff of MFCA and local 

government: WCC (Warden Community 

Conservation), Warden Tourism and Head Ranger, 

District CAOs (Chief Administrative Officers) of 

Nwoya, Kiryandongo, Masindi, Nebbi and Bulisa 

districts, Local Council Chairpersons at LC3, LC2 and 

LC1 and CDOs (Community Development Officers), 

managers of accommodation establishments and 

opinion leaders. These were selected because of their 

administrative responsibilities and involvement in 

tourism activities. The opinions of key informants 

sought focused on community related projects, local 

goods that households sold to tourism enterprises, 

springing up of community-based tourism 

enterprises/organizations and tourism related 

programs/projects in their areas. And secondary data 

were obtained from reports from the Ministry of 

Finance, Planning and Economic Development, 

National Housing and Population Census [30], State 

of Environment Report [31] and various district 

reports. Contents of the reports were analyzed for 

information such as the population size of the 

sub-counties understudy, socio-economic and 

demographic variables of the households, types and 

levels of participation of households in tourism related 

activities, status of households’ welfare and 

community tourism development projects initiated and 

supported in the study area. The information helped to 

triangulate households’ survey responses and to 

deepen understanding of the correlation between 

socio-economic variables and local communities’ 

participation in tourism activities. 

2.3 Data Analysis 

Qualitative data analysis was based on Pretty, J.’s 

typology of participation [16] in order to understand 

how households were involved in tourism activities. 

Participation by households was first categorized as 

participation through community groups/associations, 

as individuals (direct/indirect employment), through 

community-based protected area institutions and 

through community-based tourism initiatives. These 

were later reclassified using Pretty, J.’s model and 

categorized into low, medium and high in order to 

show the level at which local communities 

participated in tourism activities. According to the 

model, levels 1, 2 and 3 were regarded as low, level 4 

was medium and levels 5, 6 and 7 were high. 

Quantitative analysis on the other hand applied a logit 

regression model to determine the relationships 

between the local communities’ participation and the 

households’ socio-economic characteristics [32]. The 

model helped to show the effect of demographic and 

socio-economic factors on households’ participation 

in tourism. Tourism (dependent variable) was 

regressed on socio-economic variables presented in 

Table 1. Logit model assumes nonlinear probability 

models with cumulative probability distribution 

function expressed as: 

)(1

1
iXe

P 
              (1) 

Where: 

P  is the probability that an individual participated 

in the tourism conservation related activity in the 

bioregion; 


 is the coefficient of the covariate for every unit 

change in the covariate; 

e  is the exponential value. 

3. Results 

3.1 Nature and Level of Community Participationin 
Tourism 

Results show that local communities’ participation 

in tourism activities was at medium and low levels 

(Table 2). This is attributed to the nature of tourism  
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Table 1  Variables used in the logit model. 

Variables Definition of variable Expected relationship Source of related literature 

Age 15 -29, 30-44, 45-59 and 60 + years + 
Faridi, M. Z. et al. [14], Lui, W. et 
al. [19], Tosun, C. [24] 

Gender Male, female + 
Faridi, M. Z. et al. [14], Lui, W. et 
al. [19], Tosun, C. [24] 

Education  No education, primary, secondary and tertiary + 
Lui, W. et al. [19], Snyman, S. L. 
[33], OECD. [34] 

Occupation  
Peasant farmer, on farm labour, off farm 
employment, service delivery, small retail business, 
bicycle transportation and professional work 

+ Snyman, S. L. [33] 

Wealth  Land size (less than 1, 1-2, 3-5 and 6 + acres) + 
Lui, W. et al. [19], Snyman, S. L. 
[33], McGehee. N. G. et al. [35] 

Household size 1-3, 4-6 and 7-9 members + 
Faridi, M. Z. et al. [14], Lui, W. et 
al. [19], Tosun, C. [24] 

Period of residence 1-5, 6-10, 11-15, 16-20 and 21-25 years + Park, D. B. et al. [35] 

Dwelling condition Temporary, semi permanent and permanent + McGehee. N. G. et al. [36] 
 

Table 2  Participation of local communities in tourism activities. 

Activities participated in Type of participation
Pretty’s typology of 
participation 

Level of 
participation

 Leader of the group/association 
 Member of the group 
 Advisor/patron to the group 
 Partnering with private sector in providing laundry services, 

entertainment, others  

Tourism-community 
groups/associations 

Functional 
participation 

High 

 Working with MFNP, Bugungu and Karuma Wildlife Reserves, Budongo 
Forest Reserve/Kaniyo-Pabidi Ecotourism (wardens and rangers) 

 Working with accommodation establishments and other related 
establishments (eating places and bars) 

 Tour guiding in the conservation area 
 Casual work on track and trail maintenance, board walk repairs and 

clearing bushes along protected area boundaries 

Direct employment 
Participation for 
material incentive Medium 

 
 
 
  Providing community-based accommodation 

 Producing and selling craft and souvenirs 
 Producing food services to tour-guide drivers 
 Staff of community-based tourism related initiatives 

Community-based 
Tourism Initiative 

Participation for 
material incentive 

 Representative of community in revenue-sharing programme 
 Community member of problem animal unit 

Community-protected 
area institution 

Participation by 
consultation 

Low 

 Local supplier of food stuff to accommodation establishments and 
eating places 

 Local supplier of fuel wood and charcoal  
 Driver for suppliers of items 
 Agent/distributor for brewing companies supplying beverages to lodges, 

hostels and bars within protected areas 

Indirect employment Passive participation 

 Retailing 
 Providing local food joint and/or roadside food items 
 Medical services 
 Mobile money services 
 Working with SACCOs (Savings And Credit Cooperative Organization)
 Working as security and safety staff  

Others Passive participation 

 

employment opportunities that were available, for 

example, working as security guards, trail 

maintenance casual labourers, serving as waiters in 

accommodation facilities, tour guiding and working as 

attendants in craft shops and restaurants. The highest 

level of participation was at functional category which 

involved activities such as advising community 

tourism groups, representing communities on 
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discussion platforms for conservation issues and 

providing leadership in CBTEs (Community Based 

Tourism Enterprises). Surprisingly, none of the 

activities was related to self-mobilization level which 

is associated with effective participation. This was 

perhaps due to limited education, lack of capital to 

support independent initiatives or inadequate support 

from donor agencies that usually begins with 

mobilization of project beneficiaries. 

3.2 Respondent’s Demographic and Socio-Economic 

Variables and Their Participation in Tourism 

Activities 

Results indicate that 28.4% of the male respondents 

participated in tourism related activities while 10.4% 

of the female respondents participated in the same or 

similar activities (Table 3). Almost half (10.4% out of 

27.2%) of the female respondents interviewed 

participated in tourism compared to the male 

respondents (28.4% out of 72.8%). The age group 

30-44 had the highest percentage participation of 26.1% 

while the age group of 60 years and above had the 

least percentage participation of 4.2%. Slightly more 

than half (19.7%) of the respondents that participated 

in tourism related activities had obtained primary 

education compared to respondents who had attained 

secondary (13.7%), tertiary education (3.0%) and 

those with no formal education (2.4%). Of the three 

variables of dwelling, households with temporary 

dwelling structures had the highest percentage 

participation in tourism (22.5%) compared to 

respondents with semi-permanent dwelling structures 

(8.4%) and permanent dwelling structures (8.1%). The 

average household size was 4-6 people. In terms of 

land ownership, households with less than two acres 

participated more in tourism compared to those with 

more than two acres of land while in terms of period 

of residence, households that had lived in the area for 

1-5 years (21.8%) and 21-25 years (14.0%) had more 

percentage participation in tourism followed by 6-10 

years with 10.7% while the other two categories of 

households had almost equal percentage participation 

of 7.5% and 7.2% respectively. 

3.3 Participation in Tourism Based on the Logit Model 

Analysis 

Results presented in Table 4 show that gender did 

not influence households’ participation in tourism 

activities. The estimated coefficient is not significant 

and its marginal effect is low (r = 0.326) implying that 

gender has a low probability of influencing 

households’ participation in tourism. Using four age 

group categories, the likelihood of age influencing 

households’ participation in tourism activities varied. 

In all the age group categories, only age group 45-59 

years was significant but had a negative coefficient 

with a moderate marginal effect at 59% (r = 0.59) 

implying that in MFCA, more people in this age group 

participated in tourism activities than people in the 

other age groups. Age group category + 60 years did 

not have a significant influence but had a moderate 

marginal effect on households’ participation (r = 

0.539) while age group category 30-44 did not have a 

significant influence and had a low marginal effect (r 

= 0.305) thus the age group was not likely to influence 

participation of households in tourism activities. 

Using three categorical education variables of primary, 

secondary and tertiary, the estimated coefficient 

results indicated a positive and statistically significant 

influence of education background of respondents on 

participation in tourism. This implies that education is 

a  critical  variable  in  determining  households’ 

participation in tourism. The results presented in 

Table 4 further show that the marginal effects of 

households’  participation  in  tourism  activities 

increased with the levels of education. For instance, 

respondents with tertiary education had a high 

marginal effect of 0.824 while secondary education 

had a moderate marginal effect of 0.556 indicating 

that both tertiary and secondary education influenced 

households’ participation in tourism activities. However, 

respondents with primary education had low marginal 
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Table 3  Demographic and socio-economic variables. 

Variable  % response % participating in tourism 

Gender   

Female 27.2 10.4 

Male  72.8 28.4 

Education (formal)   

No education 14.0 2.4 

Primary  54 19.7 

Secondary  26.6 13.7 

Tertiary  5.4 3.0 

Occupation   

Peasant farmer 74.1 24.8 

On farm labor 8.7 6.7 

Off farm employment 1.5 0.6 

Service delivery 4.8 3.9 

Small retail business 5.4 0.9 

Motorcycle transportation 3.3 1.5 

Professional 2.1 0.3 

Dwelling condition   

Temporary 66.6 22.5 

Semi-permanent 15.6 8.4 

Permanent 17.7 8.1 

Age of respondent   

15-29 35.7 18.6 

30-44 43.2 26.1 

45-59 13.8 12.3 

60 + 7.2 4.2 

Household size (No’s)   

1-3 24.3 15.6 

4-6 42.7 27.3 

7-9 32.5 18.6 

Land size (acres)   

< 1 32.0 24.0 

1-2 38.0 24.3 

3-5 22.8 9.6 

6 + 7.2 3.3 

Period of residence (years)   

1-5 33.1 21.8 

6-10 19.1 10.7 

11-15 11.9 7.2 

16-20 11 7.5 

21-25 24.8 14.0 
 

effect (r = 0.498) indicating a low probability of 

participation in tourism activities. 

Seven categorical occupation variables were 

modeled against tourism participation. The results 

indicate that only respondents who were engaged in 

farming and employed in tourism enterprises 

participated in tourism although the latter had a higher 

marginal effect (0.851) than the former (0.651). This 

confirms that respondents who are already employed 

in tourism related enterprises have a good 

understanding of tourism and are likely to play greater 

role than those who are involved in other types of 
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non-tourism occupations in and around MFCA. 

Engagement in businesses such as passenger 

transportation by motorcycle, off farm businesses, 

retail trading and professional service provision such 

as medical care had negative coefficients, no statistical 

significance and high marginal effects.  

Income level had a significant influence on 

households’ participation in tourism activities in the 

MFCA. Income used in this study is the estimated 

monthly amount of money earned by a household from 

participation in tourism activities. All the five income 

categories presented in Table 4 show positive 

coefficients that are statistically significant with high 

marginal effects, indicating that income determines 

households’ participation in tourism activities.  

Different types of dwelling structures were used to 

determine the relationship between dwelling condition 

and households’ participation in tourism. It was 

assumed that a permanent dwelling structure indicated 

high income that could be partly generated from 

participation in tourism related activities. Three 

categorical dwelling structures (temporary, 

semi-permanent and permanent) variables were used 

in the analysis. It was found that dwelling was not a 

statistically significant factor that influenced 

households’ participation in tourism activities. In fact, 

possession of semi-permanent and permanent houses 

had weak correlation coefficients (r = 0.424 and r = 

0.419) with participation in tourism activities. 

Therefore, it is logical to deduce that type of 

house/dwelling structure does not significantly 

influence the participation of households in tourism 

activities in MFCA. 

Size of land owned by a household was used as a 

proxy to indicate household wealth and then 

correlated with participation in tourism activities. 

There was a positive and significant correlation 

between households that owned 1-2 acres and 3-5 

acres of land and their participation in tourism 

activities. On this basis, it can be said that size of land 

owned is one of the key factors that determines 

households’ participation in tourism activities. 

However, the marginal effects of size of land owned 

by households in the categories 1-2 acres and 3-5 

acres were low namely 0.361 and 0.436 although their 

coefficients were positive. Ownership of 6-8 acres of 

land did not have a significant coefficient but had a 

moderate marginal effect of 0.689. The analysis 

further indicated that the probability of a household 

participating in tourism increased with increase in the 

size of land owned. Therefore, it is realistic to say that 

a household that owned more than 5 acres of land was 

likely to participate in tourism activates compared to 

the households that owned less than this size of land.  

Further attempts were made to show the 

relationship between household size and the 

likelihood of individuals in the household 

participating in tourism activities. The coefficients 

generated by the model indicated that household size 

did not influence participation in tourism activities. 

For example, households that comprised 4-6 people 

and 7-9 people had negative coefficients that were not 

statistically significant (-0.466, z = -1.17 and -0.283, z 

= -0.060 respectively). The low marginal effects (r = 

0.400 and 0.469) indicated that household size did not 

influence households’ participation in tourism 

activities.  

Using the same model, efforts were made to show 

whether or not period of residence influenced 

households’ participation in tourism. The analysis 

revealed a statistically significant positive coefficient 

but with a low marginal effect of 0.430 implying that 

households that had resided in the bioregion in close 

proximity to MFCA for 21-25 years were more likely 

to participate in tourism activities. Although the 

relationship between other periods of residence and 

participation  in  tourism  were  not  statistically 

significant, their marginal effects increased with the 

increase in the number of years a household had 

stayed in the study area/bioregion (Table 4). This 

finding indicates that the longer a household stayed in 

the bioregion the greater the likelihood that members 
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Table 4  Effect of socio-economic variables on participation of households in tourism activities based on binomial logit 
analysis. 

Variable Explanatory variables Coefficients z-statistic Marginal effects (r) 

 Constant -2.800 -4.22 0.663 

Gender Female 0.200 0.61 0.326 

Age 

30-44 years -0.315 -1.03 0.305 

45-59 years -2.199*** -3.72 0.590 

60 + years 0.048 0.09 0.539 

Households’ size 
4-6 people -0.466 -1.17 0.400 

7-9 people -0.283 -0.60 0.469 

Land size 

1-2 acres 0.941*** 2.61 0.361 

3-5 acres 1.847*** 4.24 0.436 

6-8 acres 1.338 1.94 0.689 

Income 

100,000-200,000 2.196*** 2.84 0.77 

200,001-300,000 1.823*** 2.27 0.80 

300,001-400,000 2.626*** 3.15 0.83 

400,001-500,000 2.314*** 2.91 0.80 

500,001 + 3.376*** 4.32 0.78 

Education 

Primary 1.246*** 2.50 0.498 

Secondary 1.394*** 2.51 0.556 

Tertiary 1.640*** 1.99 0.824 

Dwelling 
Semi-permanent 0.564 1.33 0.424 

Permanent 0.043 0.10 0.419 

Occupation 

Farm laborer 2.487*** 3.82 0.651 

Off farm -0.265 -0.27 0.999 

Service provider 2.194*** 2.61 0.841 

Retail business -1.237 -1.56 0.792 

Motorcycle transportation 0.499 0.71 0.706 

Professional -1.561 -1.22 1.282 

Residence 

6-10 years 0.759 1.71 0.444 

11-15 years 0.865 1.68 0.513 

16-20 years 0.529 0.97 0.545 

21-25 years 0.885*** 2.06 0.430 

Log likelihood = -166.41363 Pseudo R2 = 0.2448 

LR chi2 (24) = 107.91 Prob > chi2 = 0.000 Sample size = 330 

Land size (those with no land were reference category); Households’ size (‘1-3’ people in the households was the reference category); 
Gender (males were the reference category); Dwelling conditions (temporary was the reference category); Occupation (peasant 
farmers were the reference category); Education level attained (No education was the reference category); Age 1 (15-29 category was 
the reference category); Residence duration (the period a house hold head had lived in the area); Income level (less than 100,000 was 
the reference category); *** Significant at 10 percent level. 
The reference category is the category (in each explanatory variable) with which the comparisons are made.  
 

of such households were aware and knowledgeable 

about the opportunities for participation in tourism 

activities.  

4. Discussion 

Generally, members of households that live close to 

protected and conservation areas with tourism 

programmes tend to be aware of the opportunities that 

are available to them to participate in the management 

of the protected resources including participation in 

tourism related activities. Local participation is 

encouraged and supported by policy and law in the 

management of protected areas in Uganda. The 

participation of local community is based on the 
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premise that they can become exposed to business 

opportunities offered by tourism activities and they 

ultimately share the benefits from protected areas such 

as revenue generated by tourism. The government of 

Uganda has recognized the need to involve local 

communities in the planning and implementation of 

development programs including tourism. Similarly, 

protected area managers in bioregions acknowledge 

that tourism in protected areas cannot be sustainable 

without the support and participation of local people. 

This is a mutually beneficial relationship promoted in 

many protected and conservation areas all over the 

world. 

It is important for managers of protected and 

conservation areas such as MFCA to simultaneously 

take into account several factors that influence the 

participation of local community in tourism activities. 

For instance, the managers need to consider the 

critical segregated gender roles when planning and 

implementing the participation of local communities 

in the management of resources as well as tourism. 

Although this study found that almost an equal 

proportion of females and males participated in the 

tourism activities, it is equally important to ensure that 

the participation of women is not hindered by their 

primary roles in looking after the welfare of the family. 

Reports by Kristof, N. D. and WuDunn, S. [37] and 

Singwane, S. S. and Gama, M. [38] concur with this 

finding when they stated that “when women work, they 

are far more likely than men to spend their income on 

improving their children’s welfare needs that 

ultimately leads to the wellbeing of a household”. 

Therefore, based on the above observation, 

participation of women in tourism related activities is 

important and should be encouraged because it leads 

to generation of incomes that directly benefit the 

households. 

Furthermore, the costs and benefits of tourism 

activities in MFCA should be equitably shared by 

both men and women. Oral account by Chairman of 

Pakanyi sub-county revealed that both male and 

female members of the households benefit from 

tourism in MFCA in terms of serving on local 

community-based protected area committees, 

employment in the park and tourism businesses, sale 

of local craft products and many others. It was also 

found that the benefits of tourism included provision 

of financial support for off-park activities such as tree 

planting to conserve the environment in the areas that 

surround the Park and for generation of income.  

Age is an important factor in the participation of 

households in tourism activities. This study has found 

that the older (45-49 years old) members of the local 

community were more likely to participate in tourism 

activities in various capacities, for example, planning, 

decision making as they serve on committees, 

employment, management of tourism enterprises such 

as craft shops, food kiosks, management of local 

accommodation facilities and others. This observation 

is realistic because the younger members of the 

households (people below 45 years) tend to be 

occupied with education or development of career 

opportunities after completing secondary and tertiary 

education. At the same time, they would not have 

adequate business development skills and generally 

lack start-up capital or resources to invest in tourism 

related enterprises. In contrast, older people are 

knowledgeable about the local area including the Park, 

they tend to be more conservation conscious, business 

minded and more likely to take risks and invest in 

tourism enterprises. According to Tosun, C. [24], 

older members of the local community need to be part 

and parcel of the decision-making process through 

consultation while Tessema, M. E. et al. [39] and 

Snyman, S. L. [33] noted that older people tend to be 

more receptive to conservation and are more likely to 

participate in conservation related businesses such as 

tourism in protected areas. However, these 

observations should not be interpreted to mean that 

the youth should be excluded or their roles minimized 

in the management and conservation of protected 

areas including participation in tourism planning and 
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development. The youth play crucial roles which 

ensure the sustainability of protected areas and 

tourism. Shibia, M. G. [40] reported that young people 

have become increasingly more positive to 

conservation because of their education and 

environmental awareness. 

One of the most achievable strategies for ensuring 

local communities’ participation in tourism has 

always been equitable sharing of benefits. According 

to Tosun, C. [23], Muganda, M. [41] and Li, W. [42], 

local communities use shared benefits as a 

precondition to participate in tourism activities. At the 

same time, local communities can benefit from 

tourism by engaging in production of food and hand 

crafts sold to tourists besides employment 

benefits-referred to as participation by material 

incentive [16]. 

This study has revealed that households living 

adjacent to MFCA were involved in a number of 

activities such as working as farm laborers, off farm 

employment, service delivery, retail business, 

motorcycle transportation and others. Studies by 

Faridi, M. Z. et al. [14] and Snyman, S. L. [33] 

indicated that the socio-economic activity involved in 

by an individual influences his/her participation in 

tourism especially if the activity generates sufficient 

incomes to sustain the family’s welfare. Thus, 

activities such as off farm and service delivery enable 

households to earn incomes that support households’ 

welfare without depending on tourism.  

The size of land owned by a household influences 

the participation of the household in tourism activities. 

This can be explained in two possible ways: firstly, if 

a household wishes to invest in tourism related 

business such as establishment of accommodation or a 

craft production and selling centre, then adequate land 

would be required; secondly, adequate land would be 

required for production of food sold to hotels, lodges, 

restaurants and food vendors in and around MFCA.  

Period of residence was one of the socio-economic 

characteristics of households examined in this study in 

relation to its influence on participation in tourism. It 

was found that period of stay/residence in an area 

influenced households’ participation in tourism 

activities. According to Mehta, J. N. and Heinen, J. T. 

[43], Arjunan, M. et al. [44], McGehee, N. G. et al. 

[35] and Park, D. B. et al. [36], length of residence in 

an area has a significant positive relationship with 

social capital and level of involvement in tourism 

activities. Longer period of stay in area has two main 

advantages. Firstly, it implies that members of the 

household would have fairly adequate time to 

understand and appreciate tourism and can choose to 

participate in any related activity. Secondly, it permits 

establishment of social networking which is beneficial 

to business because such networking helps to find 

market for products. Therefore, length of stay by a 

household in an area contributes to the social network 

that helps in getting to know tourism opportunities 

which they can participate in. Related to this, it is also 

important to point out that Uganda Wildlife Authority 

has a policy which gives priority to local communities 

in employment. Such a policy helps to boost local 

communities’ interest and participation in tourism. 

Education is essential in enhancing and ensuring 

long-term participation of local community in any 

development initiative. This study revealed that 

education background of household members 

influenced their participation in tourism activities in 

MFCA. In related studies, Kaltenborn, B. P. et al. [45] 

and Kideghesho, J. R. et al. [46] noted that 

communities with higher levels of education have 

more positive perceptions of tourism and its benefits 

and participate more than those with lower education 

levels. Education increases one’s knowledge, outlook, 

vision, skills and self-confidence thus widening the 

ability to access, analyze and venture into tourism 

business opportunities. In addition, it enhances one’s 

participation in the planning, development and 

sustainability of development initiatives including 

tourism. According to OECD (Organization for 

Economic Co-operation and Development) [34], 
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education is important in preparing a person to 

participate in an activity that requires utilization of 

knowledge and skills. Generally, educated people tend 

to be more skilled and knowledgeable and can 

participate in productive activities that do not strain 

tourism resources compared to those with no formal 

education. Furthermore, a person’s level of education 

directly influences his/her socio-economic opportunities 

and outcomes through employment, in this case 

employment in the tourism sector. Hung, K. et al. [47] 

observed that ability to participate in tourism activities 

depends on various factors including knowledge, 

skills and financial resources. Furthermore, education 

brings significant benefits to individuals and society 

through exposure to and knowledge of business 

opportunities, income, enhanced skills, improved 

social status and access to networks.  

Income is one way in which individuals are 

motivated to participate directly or indirectly in 

tourism. The results presented in Table 4 indicate that 

income is positively and significantly correlated with 

households’ participation in tourism activities. Income 

has a triple effect: it is a direct benefit from tourism, a 

welfare strategy that can reduce dependence on 

resources from MFCA for survival and a motivator to 

participate in tourism since it is a source of welfare. 

These observations are consistent with Dwyer, L. et al. 

[48] who noted that employment in tourism related 

sectors offer opportunities for households to earn 

incomes.  

5. Conclusions 

The following conclusions have been drawn from 

the study: 

Tourism development and community participation 

need to be integrated if they are to benefit from the 

existence of tourism resources and ensure their 

sustainability;  

The socio-economic and demographic factors that 

influence local communities’ participation in tourism 

such as education, income, occupation and land size, 

need to be considered when planning for local 

communities’ participation in tourism and need to be 

clearly known and understood.  

6. Recommendations 

Based on the findings of this study, managers of 

conservation areas should always carry out targeted 

sensitization of the local community on how to access 

tourism information on the available tourism 

opportunities and sustainably utilize their land 

resources. The type of sensitization will empower 

them to make appropriate decisions to participate in 

tourism. 

Communities living around conservation areas need 

to be supported with both formal and informal 

(vocational) education to enhance their basic 

knowledge and skills that help them to participate in 

tourism activities. Education will also help households 

to engage in off farm activities and improve the 

delivery of tourism related services.  

Considering that community-based tourism 

enterprises increase opportunities for households to 

participate in tourism, there is a need to strengthen the 

existing and encourage formation of new 

community-based tourism enterprises owned and 

managed by community members. This will enhance 

their access to tourism opportunities that influences 

their participation. 
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