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Abstract 
A GIS –Based Assessment and Modelling of Flash flood risk from extreme 

rainfall and soil permeability in Port Harcourt Metropolis, Nigeria was 

carried out. Rainfall data from January, 1981 to December, 2016 were 

obtained from the Nigerian Meteorological Agency (NIMET) in Port 

Harcourt together with Rainfall estimates for 2016 from University of 

California Centre for Hydrometeorology and Remote Sensing (CHRS). Soil 

samples (48) were collected from different parts of Port Harcourt 

Metropolis and analyzed for particle size distribution (PSD), Moisture 

content and Permeability. A GIS framework was set up with Environmental 

System Research Institute (ESRI) Arc GIS as the primary analysis software. 

The Digital Elevation Model (DEM) was generated from the Shuttle radar 

topography mission (SRTM). Initial data inputs for the model were rainfall 

intensity and soil permeability other useful data were calculated and 

generated by the DEM. The first step was the geo-referencing of the satellite 

imagery and registering of the result to the universal transverse Mercator 

(UTM) coordinate system zone 32N. Then supervised classification was 
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performed on the imagery in order to obtain the different land use classes. 

Elevation values were calculated from the SRTM DEMs from which surface 

slope was calculated. The drainage density was also calculated from 

draining network and basin information. The Model files and hydrologic 

parameters were then prepared from Arc Hydro and HEC-GeoHMS tools. 

All data were integrated in a GIS environment using the Analytical 

Hierarchical Process (AHP) method to calculate Flash flood areas and 

produce a Risk Map. Analysis of the rainfall data with Descriptive statistics, 

showed that 1983 had the lowest rainfall of 1632mm while 2007 had the 

highest rainfall value of 2790.9mm. Monthly average rainfall from 1981 to 

2016 ranged from 136mm to 232.58mm. Although due to climate change, 

highest values of rainfall may be recorded in any other month, July and 

September each year were the rainiest months in the study area with each 

of them recording about 16% of total rainfall. A further analysis showed 

that January had 1% of rainfall, February 2%, March 5%, April 7%, May 

11%, June 13%, August 13%, October 11%, November 4% and December 

1%. The PSD showed a high percentage of Sand, between 62% and 89.88%, 

Silt between 1.28% and 10.44% and Clay between 7.84% and 30.12%. The 

Moisture content ranged from low to average of 1.95% to 38.65% and the 

permeability ranged from very low to low of 0.7 to 3.7 (cm/sec.) x 10-3. The 

soil texture showed fine grains sand, silt and clay of mainly loamy sand (LS) 

and sandy soil (SS) with low infiltration rates thereby allowing for serious 

run-off. Result obtained is in conformity with previous studies that different 

areas of Port Harcourt Metropolis show different susceptibility to flood, 

and in this case flash flood, ranging from low, medium, high, to very high. 

There is need, therefore for constant monitoring of the environment by the 

Governments at all levels in order to construct suitable drainages, desilt 

receiving drainages, rivers and creeks, plant trees to reduce land use, 

monitor and avoid developments in flood plains or low lying areas, educate 

the populace on the need for proper refuse disposal habits, create 

awareness on how to live with flash flood, and also mitigate effect of flash 

flood on the populace. 

 

Keywords: GIS, Modelling, Assessment, Soil permeability, Rainfall, Flash 

flood, Mitigation, Risk map, DEM 
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Introduction 
Millions of people are forcibly 

displaced on yearly basis by human 

induced or natural disasters from their 

homes, communities, culture, 

livelihoods, and economies in every 

part of the world. The disasters may be 

in form of floods, earthquakes, 

hurricanes, typhoons, wildfires or 

landslides with the ability to cause 

widespread socio-economic 

disruption and devastation, death, 

injury, damage to properties and 

emotional sufferings. Disasters come 

in various speeds and magnitude but 

enough to cause profound and 

unquantifiable damages in terms of 

losses on the elements at risk 

(Ogbanga, 2015). 

Research on climate change, the 

world over has predicted the likely 

increase in extreme weather 

conditions with attendant increase in 

disasters causing socio-economic 

disruption and destruction (IPCC, 

2007d). The possibility of increasing 

frequency for extreme weather 

conditions and attendant flooding, 

wildfires, landslides, tsunamis due to 

increase in water levels and rise in 

ambient temperatures in the world is 

expected to be high in probability 

(Burroughs, 2003).  It was further 

estimated that not only will the 

frequency of extreme activities 

increase but there was also the 

likelihood of increase in their 

magnitude in the 21st century hence 

noticeable floods will most likely 

occur in all regions of the world 

(Grunfest, 1998; Messner and Meyer, 

2015). 

Severe havocs have been caused by 

climate change induced extreme 

weather events in recent times 

including loss of lives and destruction 

to properties and livelihoods. Serious 

flooding are initiated by very heavy 

and sometimes violent precipitations 

toppling the channels to its limits and 

pushing water to the hinterlands (Merz 

and Bloschl, 2003). 

Most studies on flood recognized as a 

fact that extreme rainfall alone is a 

major cause or main component for 

flood events to take place worldwide 

(Gobo, 1998; Ologunorisa, 2001). 

Some other studies went a step further 

to identify the characteristics of the 

extreme rainfall causing serious 

floods the world over to include; 

duration of the rain event, the rainfall 

intensity or rate of fall, the frequency 

or how often the rain falls to clearly 

give a noticeable trend and fluctuation 

pattern (Ologunorisa & Diagi, 2005; 

Olaniran, 1983). 

Eight out of ten of the world’s largest 

cities are said to be situated close to 
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the coast, which means that close to half of the world’s population reside within 

150km of the oceans, while the other portion of slightly above half reside either 

close to rivers and streams or low lying planes. In terms of flood, it is regrettable 

that low-lying surfaces identify the coastal regions therefore vulnerable to rise 

in sea level resulting in flooding with its destructive impression on the people. 

The world over, lives and properties of people including their livelihoods have 

been threatened by the danger of flood. For this reason, a third of all deaths, 

injuries and damages from disasters are said to be caused by flood (Askew, 

1999).  

Floods are in different forms and types and depending on your locality, one or 

more types of flood may affect you. Generally in which ever form they come, 

they are capable of destruction, devastation, displacement, alteration, 

inconveniences on man, livelihoods and on properties the world over. When a 

normally dry land is covered by water to a level of inconvenience and distortion 

in socio-economic activities, flood is said to have occurred (Collier, 2007). 

Water normally occupy channels, rivers, streams and oceans, but when they 

move from their place of normal abode to take over adjoining land normally 

occupied by man then flooding is being experienced. The flood water most 

times does not move alone but may carry other objects in suspension like 

reptiles, roots of trees, human faeces and even dead animals helping in the 

destructive nature of the flood (Bankoff, 2003; Abbot, 2004).  

When a stream, channel, creek, river has too much water probably due to the 

melting of ice or excessive precipitation or abrupt release of impounded water 

or serious waves, the tendency of the river or stream to retain such higher 

quantity of water reduces. In that case the excess water is released to the 

adjoining planes, occupied areas and habitats causing destructive flood regime. 

A striking characteristic of most flood is that it is most of the time sudden in 

appearance and destructive in nature to the populace, structures and economies 

(Pilgrim and Cordery, 1993; Aderogba et al., 2012).  

One of the most devastating type of flood is flash flood mainly as a result of 

extreme rainfall over a short time interval (NWS, 1995). In a period of 6 hours, 

water released from rain could no longer be infiltrated into the soil within the 

short period and also due to the intensity of the rain. This runoff could not be 

discharged by the channels and basin depending on the condition and size of 

the basin and so become flood with tendency to destroy (Grunfest, 1998; 

Messner and Meyer, 2015). 
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Different scholars define flash flood in different ways, as storm driven or as 

hydro-meteorological occurrence. In all flash flood is sudden, destructive, 

devastating and happens within a period of 6 hours of extreme rainfall (Lóczy, 

2010). In the history of flood destruction, flood from rivers has been very 

noticeable for decades until recently when some attention seems to be shifted 

to flash flood for the obvious reason that it is sudden, difficult to predict, 

common and very destructive. Based on the above, hazard assessment for flash 

flood must therefore be approached differently in method, data and processes 

due to general and topographic factors (Czigány et al., 2010; Zhang et al., 

2001). 

Flash floods does not exist in isolation as there is always a relationship between 

it and other types of flood. One may be able to trigger the other and then work 

in tandem. Flash flood could cause river flood, landslide and other unexpected 

and associated phenomena (Iverson, 1997). Flash flood producing rainfall is 

always very intense and capable of saturating the soil in the area within a very 

short time and running off with high velocity carrying most things on its way 

along with it (Kofo, 2012). 

The destructive nature of flash flood is because during a storm event which 

happens briefly, the quantity of water released from the extreme rainfall fills the 

soil so quickly so much so that the channels and basin become too small to 

handle such volume of water within the short period. It may also raise the level 

of the stream so much so that water will start to rush back to the hinterland as 

flood with devastating consequences (Creutin and Borga, 2003; Collier, 2007).   

Destruction to roads, bridges, culverts and other physical features is the hall 

mark of flash flood due to the high speed with which it travels and the load it 

carries. Flood inundation destroys crops and other agricultural plants by 

depositing water and debris on farmlands. It also leads to the discharge of 

sewage from damaged septic tanks and in some cases hazardous chemicals from 

inundated chemical plants. Public health issues may result with attendant 

outbreak of various diseases caused by release of different types of pathogens 

as the released water may contain fecal bacteria, animal wastes, chemical 

releases (Kofo, 2012; Cutter, 1996). 

The flooding pattern in Nigeria is similar to the rest of the world. Millions of 

Nigerians in flood prone areas have been either displaced or killed or have their 

properties destroyed, businesses closed by devastating, destructive and 

sometimes sudden floods. Flood is capable of causing pollution to underground 
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water and increase the risk of spread of diseases through release of pathogens 

from underground tanks (Ahaneku et al., 2014; Akinyemi, 1990).  

One of the most exposed and vulnerable state in Nigeria to flood is Rivers state 

located in the Niger delta region of Nigeria. As the name implies, it is a state 

with so many rivers, creeks and streams that empties into the ocean through 

tributaries. Rainfall is often observed in most  times (in the year) and so the soil 

moisture is averagely high in these rainy periods and a little rainfall tops it up 

and prevent further infiltration thereby escalating any flood in the state. Flood 

in the state hinders development, reduces agricultural products, damages 

properties and causes a number of deaths (Akukwe and Ogbodo, 2015; 

Amangabara and Gobo, 2007).  

Natural disasters are on the rise all over the world and this is attributed to 

climate change impact. This means that these disasters have come to stay as 

long as climate variability continue to exist. It is therefore necessary to 

understand the need to assess the risk associated with flood with a view to 

mitigating them since they cannot be eliminated. In line with disaster risk 

reduction policy of the United Nations, the hazard profiles have to be 

understood for development of flood alleviation measures (Askew, 1999; 

Alexander, 2000). 

 

Study Area 

Location 

Port Harcourt metropolis is located between Latitude 4045'N and Latitude 

4055'N, and Longitude 6055'E and Longitude 7005'E. The city lies at the mouth 

of River Bonny in Rivers State. It is located at about 25km from the Atlantic 

Ocean and it is situated between the Dockyard creek/Bonny River and the 

Amadi creek. It lies at an average altitude of about 15m above mean sea level. 

Port Harcourt Metropolis as study area spans over two Local Government Areas 

of; Port Harcourt and Obio/Akpor (Figs.1.1 and 1.2). 

 

Population 

The1991National Population Census results showed that Port Harcourt 

metropolis comprising Port Harcourt and Obio/Akpor LGAs had a population 

of 703, 416 persons (Chiadikobi et al., 2011). I n  2006, the population of Port 

Harcourt Metropolis grew to 1,000,908 persons (NPC, 2006). 
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Climate 

Port Harcourt features a tropical wet climate with lengthy and heavy rainy 

seasons and very short dry seasons. Only the months of December and January 

truly qualifies as dry season months in the city. Port Harcourt's heaviest 

precipitation occurs during the months of July and September with an average 

of 367 mm of rain. December on average is the driest month of the year, with 

an average rainfall of 20 mm. Temperatures throughout the year in the city are 

relatively constant, showing little variation throughout the course of the year. 

Average temperatures are typically between 25 °C -28 °C in the city 

(Alexander, 2012). 

 
Fig. 1.1:  Map of Rivers State showing Port Harcourt Metropolis. 

 Source: Dept. of Geography and Env. Mgt. University of Port Harcourt 

https://en.wikipedia.org/wiki/Tropical_monsoon_climate
https://en.wikipedia.org/wiki/Wet_season
https://en.wikipedia.org/wiki/Wet_season
https://en.wikipedia.org/wiki/Dry_season
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Fig. 1.2: Map of Port Harcourt Metropolis 

Source:  Dept. of Geography and Env. Mgt. University of Port Harcourt. 

 

MATERIALS AND METHODS 

Site Selection 

Port Harcourt was divided into 10 zones with drainage consideration to cover 

areas normally affected by flood for soil sample collection as follows: 

1. Zone A- Port Harcourt Township 

2. Zone B- Diobu/ D/line 

3. Zone C- Stadium / Aba roads 

4. Zone D – Rumukwurisi / Igwuruta 

5. Zone E – Rumukoro / Choba 

6. Zone F - Elelenwo 

7. Zone G -  Rumumasi 

8. Zone H - Rumuala  

9. Zone I – Rumudamaya / Rumueme 

10. Zone J – Elekahia 
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Table 2.1: Sample codes/ location 

S/N Sample Area  Sample code Comment 

1 Port Harcourt 

Township Area 

 A  

2 Diobu / D-line  B  

3 Stadium / Aba 

roads 

 C  

4 Rumukwurusi / 

Igwuruta 

 D  

5 Rumukoro / 

Choba 

 E  

6 Elelenwo  F  

7 Rumumasi  G  

8 Rumuala  H  

9 Rumudamaya/ 

Rumueme 

 I  

10 Elelenwo  J  

Source: Authur 

 
    Fig. 2.1: Map of Sampling Locations    Source: Author 
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Soil Sampling 

Areas normally affected by Flash flood and flood generally were considered in 

carrying out the sampling as shown in Table 3.2. Minimum of 2 Soil samples 

each were collected in designated Areas. The soils of the area were examined 

by choosing sampling stations randomly so as to cover the entire area. Each soil 

sampling station or point was properly marked and geo- referenced using Global 

positioning system (Garmin 76 GPS). Soil samples were collected from the 

surface (0 – 15cm) for top and subsurface (15 – 30cm) for bottom with Dutch 

man hand auger (Smith and Atkinson, 1975). At each point two auger borings 

(of top and subsurface) were composited to give a representative soil sample of 

the area. 

In some highly flooded areas, additional sampling points were examined at a 

distance of about 500m away from the major flood zones. Each composite 

sample were placed in a well- labeled polythene bag for laboratory analysis for; 

particle size distribution, moisture content, and permeability. The coordinates 

of points of sampling were taken in-situ with GPS. 

 

In Situ Measurements of Sampling Points Coordinates 

The coordinates of points of sampling were taken in-situ with GPS and as shown 

in Table 2.2. 

 

Table 2.2: Coordinates of sampling points in Port Harcourt Metropolis 

(Obio /Akpor & Port Harcourt City L.G.As) 
S/N SAMPLE LOCATION COORDINATES (DMS) COORDINATES (DD) 

NORTHING EASTING LATITU. LONGI.UDE 

1. Rumuodara by Adamac 040 51I  49.03II 0070 02I 

35.05II 

4.8636155 7.0430681 

2. Rumuokwurushi by pipeline 040 51I  48.54II 0070 03I 

40.63II 

4.8635019 7.0430681 

3. Elelenwo by Ihunwo Aghari Rd 040 50I  

19.89II 

0070 04I 13.19II 4.8387052 7.0703349 

4. Eneka 040 53I  26.71II 0070 02I 

43.05II 

4.8908058 7.0452471 

5. Igwuruta , by Dr Okerekuga 

Street 
040 57I  

25.55II 

0070 00I 

56.38II 

4.9570290 7.0158618 

6. Rukpokwu 040 55I  

20.55II 

0060 59I 51.31II 4.9224014 6.9975604 

7. SARS Road 040 53I  37.81II 0060 57I 

52.61II 

4.8934746 6.9644322 

8. Rumuopara Comm. Sec. Sch 040 52I  14.20II 0060 58I 31.15II 4.8714861 6.9748831 

9. Nkpolu Junction, East/West 040 52I  0060 58I 4.8693194 6.9812570 



111  africanscholarpublications@gmail.com                                                                               

 2021 

 

Road 09.72II 52.74II 

100. Nkpolu Junction (2), East/West 

Road 
040 52I  11.97II 0060 58I 

52.78II 

4.8697597 6.9810924 

11. Control for Rumuopara Sec, Sch 040 52I  14.34II 0060 58I 

19.92II 

4.8706306 6.972169 

12. Rumuosi 040 52I  41.28II 0060 57I 

07.51II 

4.8783602 6.9507948 

13. Rumuekini, off East/West Road 040 53I  

25.45II 

0060 56I 

20.64II 

4.8904641 6.9390139 

14. Rumualogu, Choba Road 040 52I  

38.23II 

0060 54I 44.14II 4.8772046 6.9122481 

15. Mbuogba, NTA Road 040 51I  14.04II 0060 58I 

25.56II 

4.8538079 6.9737498 

16. Nwanwuna Str, Mbuogba 040 51I  08.41II 0060 58I 

52.36II 

4.8503201 6.9812587 

17. Rumuokwuta by YKC filling 

station 
040 51I  45.18II 0060 58I 

53.23II 

4.8458295 6.9814330 

18. Rumuigbo, Civic Centre 040 51I  05.34II 0060 59I 

26.86II 

4.8501978 6.990827 

19. Rumuomasi (1) 040 49I  34.19II 0070 01I 19.37II 4.82619 7.02201 

20. Rumuomasi (2) 040 49I  36.15II 0070 01I 13.84II 4.82668 7.020515 

21. Rumuomasi (3) 040 49I  

27.72II 

0070 01I 13.58II 4.82444 7.020435 

22. Stadium Rd/Ken Sarowiwa Road 040 49I  14.12II 0060 01I 05.10II 4.820749 7.021509 

23. Daniel Amadi Avenue, Ken 

Sarowiwa 
040 49I  11.32II 0070 01I 

07.90II 

4.8198794 7.018779 

24. Uyo Str, Rumuomasi 040 49I  

46.58II 

0070 01I 51.17II 4.829567 7.018779 

25. Market Junction, PH/Aba Road 040 50I  

13.09II 

0070 01I 

23.07II 

4.83651 7.022305 

26. Rumuola Link Road 040 49I  

50.70II 

0070 00I 

36.70II 

4.83076 7.101033 

27. Ohiamini Road, Elekahia 040 48I  

53.78II 

0070 01I 10.67II 4.815064 7.019451 

28. Amadi Kalagbor str, 

Rumuokalagbor 
040 48I  

56.95II 

0070 00I 

53.37II 

4.816184 7.016477 

29. Dammy Str, Rumuokalagbor 040 49I  11.07II 0070 00I 

42.76II 

4.820096 7.011447 

30. Grace Land Rd by Tombia Str, 

GRA 
040 49I  

20.86II 

0060 59I 

23,92II 

4.82258 6.989784 
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31. Rotimi Amaechi rd, GRA 040 49I  11.26II 0060 59I 

27.26II 

4.819935 6.990763 

32. Bayelsa Rd, GRA 040 48I  

43.94II 

0060 59I 

30.27II 

4.81248 6.99133 

33. Prefab close, Olu Obasanjo Rd, 

GRA 
040 48I  

33.63II 

0060 59I 

47.09II 

4.809297 6.996498 

34. Money Gram by Olu Obasanjo Rd 040 48I  

23.77II 

0060 59I 

56.20II 

4.8067126 6.998562 

35. Wogu Str, D/Line 040 48I  

23.77II 

0060 59I 

56.20II 

4.807652 6998288 

36. Emekuku str, D/Line 040 48I  

23.76II 

0060 59I 

55.20II 

4.806439 7.001653 

37. Greg Ogbeifun Avenue, Woji 040 49I  19.45II 0060 59I 

42.09II 

4.822005 6.99496 

38. Rumuekpirikom, Spring Hospital 040 50I  

05.39II 

0070 59I 12.17II 4.834659 6.986044 

39. Timber, Mile 3 040 48I  

22.44II 

0070 59I 

32.73II 

4.80622 6.991676 

40. Mile 1 flyover 040 47I  11.91II 0070 00I 14.57II 4.786416 7.00309 

41. CBN/Post NIPOST 040 46I  21.67II 0070 00I 

48.57II 

4.772644 7.013222 

42. Sokoto/Victoria Street, Town 040 45I  

39.40II 

0070 01I 22.12II 4.760937 7.022753 

43. Garri Market, Church rd, Town 040 45I  23.16II 0070 02I 10.24II 4.771104 7.0336891 

44. IB Johnson str/Bundu, Town 040 45I  23.16II 0070 02I 10.24II 4.771104 7.036891 

45. Industry Rd/Harbour Rd,Town 040 45I  51.73II 0070 00I 47.16II 4.764614 7.012307 

46. Eastern Bypass, Marine Base 040 46I  

37.39II 

0070 01I 16.29II 4.777029 7.021066 

47. Peter Odili Rd, NOSDRA Zonal 

Office 
040 48I  

45.83II 

0070 02I 

28.02II 

4.796068 7.041002 

48. Akpajo Rd, West Sea Auto 

repairs 
040 48I  41.52II 0070 04I 11.89II 4.816917 7.073007 

NOTE:    DMS = Degrees, Minutes, Seconds 

DD = Decimal Degrees.         Source: Author 

 

Field Sample Preservation / QAQC 

The sample polythene bags were cleaned and well labeled and transferred to a 

box. In the laboratory all containers were thoroughly washed with detergents, 

rinsed with water, treated with absolute alcohol, allowed to dry, before use for 

analysis. Notes of peculiar situations were taken and attached to each sample 
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from the field. All collected samples were taken to the laboratory within 24 

hours.  

 

Laboratory Procedure for Samples 

Soil samples were analyzed in the laboratory using BS or ASTM laboratory 

standards. The particle size distribution was determined using wet sieve analysis 

for coarse soil particles and sedimentation for fine grain fractions. Moisture 

content of particles as well as permeability were also determined using various 

Laboratory procedures. 

 

Moisture Content by Oven Drying Method 

The Moisture content of a soil sample is the mass of water in the sample 

expressed as a percentage of the dry mass, normally heated at 1050C. 

Naturally occurring soils have water and this water has a remarkable effect on 

the soil characteristics. The knowledge of the moisture content usually acts as a 

guide to the soil classification and for all analysis and tests in laboratory or field 

work. The commonly used method for measuring moisture content of soil 

expressed as a percentage of its oven- dried weight is the Oven-drying method.  

The method applies to different sizes of soil including fine, medium and coarse 

grained soils for particle sizes ranging from 2 mm to >10 mm. 

The oven drying method as the name implies is based on removing soil moisture 

from a soil sample by oven-drying it until the weight remains constant. The 

moisture content in percentage (%) is calculated from the sample weight before 

and after drying the sample (SAA, 1977). 

 

Procedure 

 i. Clean and dry the silica crucibles and weigh to 0.01g as W1                                       

ii. Weigh 30g of moist soil and put into sample crucible and weigh it as W2 

iii. Oven-dry the sample to constant weight at 1050C for 18 hours  

iv. Cool sample for 1 hour in a desiccator containing anhydrous self- indicating 

silica gel. 

v. Both container and content were weighed to 0.1g as W3 

 

Calculations 

Calculate the moisture content of the soil (using equation 3.1) as a percentage 

of the dry soil weight (SAA, 1977). 

MC (%) =     (W2 – W3)    x 100                                             (2.1)  

                      (W3 – W1) 

 

Where: 

MC (%) = moisture content in percentage 
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W1 = weight of crucible (g) 

W2 = weight of moist soil + crucible (g) 

W3 = weight of dried soil + crucible (g) 

 

Particle Size Distribution (PSD) by Hydrometer Method 

The standard laboratory procedure for determination of the particle size 

distribution of soil is called Particle size analysis. It is based on the principle 

that soil consists of an assembly of ultimate soil particles (discrete particles) of 

various shapes and sizes. The aim of a particle size analysis is to essentially 

group these particles into separate ranges of sizes and also to determine the 

relative proportion by weight of each size range (Afrasiabi et al., 2019).  

The hydrometer method uses sieving and sedimentation of a soil / water / 

dispersant suspension for particles separation. This technique on sedimentation 

is based on Stoke’s law applied to a soil / water suspension and periodically 

measuring the density of the suspension. 

This method uses settling rates in an aqueous solution with hydrometer to 

determine quantitatively the physical amounts of three sizes of primary soil 

particles. This method used to estimate particle size analysis of sand, silt and 

clay content is based on soil aggregates dispersion using a sodium 

hexametaphosphate solution and the subsequent measurement based on changes 

in the density of the suspension (Sheldrick, & Way, 1993). 

 

Procedure 

1. Measure 50ml of 5.0% Sodium hexametaphosphate and 100ml of 

distilled water, from the air-dried soil, sieved through 2-mm mesh, 

also measure 50g.  

2. Sample was homogenized by mixing with stirring rod before leaving 

it to stand for 30minutes. 

3. Transfer the Soil suspension into a 1000ml glass measuring cylinder. 

4. Put the Hydrometer in the suspension and add distilled water to the 

lower blue line of hydrometer making the suspension to get to the 

1130ml mark before removing the Hydrometer (ASTM, 2007). 

5. Cover the top of cylinder and invert it many times until the soil is in 

suspension. 

6. Place the hydrometer in the suspension and read off the first 

hydrometer reading 40 seconds after setting down the cylinder. 

7. Take the initial temperature in 0F of the suspension thereafter. 

8. After 3 hours of leaving the soil suspension to stand and settle, a 

second reading is taken, and it is immediately followed by a final 

temperature reading (IITA, 1979). 
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Calculations 

1.  Sand = 100.0 – (H1+ 0.2 (T1 – 68) – 2.0) 2                                            (2.2) 

2. Clay = (H2 + 0.2 (T2 – 68) – 2.0) 2                                                         (2.3) 

3. Silt =   100 – (% Sand + % Clay)                                                            (2.4) 

 

Results obtained are expressed as percentages by weight of sand, silt and clay 

for the soils tested. 

Where:  

H1 = Initial hydrometer reading 

T1 = Initial Temperature 

H2 = Final hydrometer reading 

T2 = Final temperature reading 

 

Estimation of Permeability using Index Sand Properties 

Soil permeability determination in the laboratory is a lengthy and difficult 

procedure, however it is now possible to use simple correlations in expressing 

permeability in relation to and as a function of soil index properties, especially 

the grain size (Arora, 1987).  

Soil permeability depends on the particle size, structure of soil mass, shape of 

soil particles, void ratio and properties of the Permeate. The two main factors 

that determine permeability are particle size and void ratio (Shepherd, 1989). 

 

Procedure 

1.  Sieve oven-dried soil through sieve mesh of sizes 4.75mm and higher 

sizes by agitation. 

2. Mass of soil retained on each sieve size should be recorded. 

3. The portion of the soil passing through 4.75mm sieve was oven-dried at 

1050C and weighed. 

4. Oven dry the portion of soil retained on 75micron sieve and sieve it 

through a mesh of 2mm, 425micron and 75micron sieves. 

5. Weigh separately the fractions retained on each of the sieves in (4) above 

and record their masses. 

6. Results are recorded and tabulated as shown below, Table 2.3. 

 

Table 2.3: Estimation of Permeability using Index Sand Properties 

LS Sieve 

No./ Size 

(mm) 

Weight 

retained in 

each sieve 

Percentage 

(%) retained in 

each sieve 

 Cumulative %  

retained in each 

sieve 

     % 

finer 
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100     

75     

19     

4.75     

2.00     

0.425     

0.075     

PAN     

Source: ASTM, 2007; Arora, 1987. 

 

Calculations 

Calculate percentage of soil retained in each sieve on the basis of total weight 

of soil sample taken. The cumulative percentage of soil retained (equivalent to 

% finer) was obtained by deducting from 100. 

ii   A graph was plotted on log scale with “particle size (diameter)” on X-axis 

and “Percentage finer” on Y-axis. The plot (also called grading curve) 

corresponding to 10%, 30% and 60% finer was used to obtain diameters from 

graph, which are designated as D10, D30 and D60   (Elhakim, 2016). 

iii. To calculate the coefficient of uniformity (Cu) and the coefficient of 

curvature (Cc)   the equations 3.5 and 3.6 were used. 

Cu = D60 / D10                                                                                                  (2.5) 

Cu = D30
2 / (D60 x D10)                                                                                     (2.6) 

iv. Permeability was further estimated using Hazen’s equation: 

K (m/s) = CD10
2                                                                                               (2.7) 

Where: C = constant and typically taken as 1 

For granular soils, their permeability are affected by their grain size 

distribution, which is mainly explained by the equivalent particle diameters of 

D10, D30 and D60 corresponding to 10%, 30% and 60% passing by weight. 

Where; D is the effective particle diameter.       

 

Rainfall Data  

Rainfall data for Port Harcourt from 1981 to 2016 inclusive (36 years) was 

obtained from NIMET (Nigerian Meteorological Agency) at the Port Harcourt 

International Airport. Analysis of the data was done to examine the changes in 

rainfall for different intensities, on daily, monthly and yearly basis with a look 

at the pattern, changes and or occurrences over the said period and relationship 

with the rapidly increasing Flash flood spread across the city. 
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Analysis of Rainfall Data  

Analysis of rainfall data is necessary to understand the trend, volume, discharge 

possibility and planning for an area. The analysis is essentially for provision of 

input data for a flood management system and for planning and development of 

an ideal flood water control policy. Rainfall data analysis helps the civil 

engineer in developing bridges, dams and other structures based on present, 

expected and worst scenarios of rainfall in an area.  

Technical and simple questions of moving averages, return periods, 

probabilities, mean yearly rainfall, range, standard deviation, skewness and 

intensities need to be known in design, building and maintenance of flood 

related structures (Herath and Ratnayake, 2004). 

 

Assessment and Modelling Flash Flood Risk 

Assessment and Modelling of flash flood risk in Port Harcourt using a GIS 

model involved both primary and secondary data. 
 

Data for Assessment and Modelling of Flash Flood 

The Model chosen in assessing and modelling of flash flood risk in Port 

Harcourt Metropolis was the Digital Elevation Model (DEM). This was done 

using a Geographic 

Information System (GIS) environment. A GIS framework was setup in ESRI 

Arc GIS as the primary analysis software. The DEM was produced from the 

shuttle radar topography mission (SRTM). Data inputs for the model were 

rainfall intensity, drainage density, slope / elevation, Land use and soil 

permeability as shown in Fig. 2.3. 
 

Rainfall Intensity  

When the rainfall intensity is so high that it exceeds the evaporation rate and 

the rate of infiltration into the soil, surface runoff occurs rapidly as flash flood. 

The possibility of a flood increases with increase in rainfall amount at a given 

location (Nyarko, 2002). Higher rainfall rate results in more runoff because the 

soil cannot quickly absorb so quickly all the water falling as rain. Rainfall 

intensity data for 2016 was also obtained for comparison and interpolation from 

the Center for Hydrometeorology and Remote Sensing (CHRS) at the 

University of California which uses neural network function 

classification/approximation processes to compute a rainfall estimate rate at 

each 0.25° x 0.25° pixel of the infrared brightness temperature image provided 

by geostationary satellites (Elkhrachy, 2015). 
 

Drainage Density  

Drainage density is taken as the length of all channels within the basin divided 

by the area of the basin. High flow accumulation path occurs and hence 
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possibility of flood where the drainage network is dense (Islam and Sado, 2000). 

It is the total length of all streams and rivers in a drainage basin divided by the 

total area of the drainage basin. It is a measure of how well or how poorly a 

watershed is drained by stream channels. High drainage density is an indication 

of high flood risk. 

 

Drainage density (DD) = Total length of Channels (m) / Basin Area (m2)               

(2.8)         

The drainage density data for this work was obtained from the digital elevation 

model (DEM) used in the study. Arc Hydro tool was used to develop the input 

datasets needed for the drainage density data. Arc Hydro is an extension tool of 

Environmental System Research Institute (ESRI) ArcGIS. It is a data structure 

of the GIS that connects hydrological data with modeling of water resources 

and decision-making methods. Using Arc Hydro tool, series of successive 

dataset ranging from fill sinks, flow direction, flow accumulation, stream 

definition and stream order were developed. Focal statistics tool was finally 

deployed for calculation of the drainage density. 

 

Elevation and Slope  

Land surface slope is a major factor in floods. There is increase flash flood risk 

with increase in slope surface (Bapalu and Sinha, 2005). Slope is a good 

indicator for flood susceptibility and risk measurement (Islam and Sado, 2000). 

Increase in river slopes also increases the flow velocity in the river (Masoudian, 

2009). Elevation and slope data for this project was developed from the DEM 

of the study using ESRI ArcGIS 10.6 software. (Fig. 2.3) 

 

Land Use  

Infiltration rates, relationship between rainfall and surface runoff, 

interrelationship between surface and ground water are mostly controlled by 

Land use. Compared with urban areas, forest generally allows for higher 

infiltration rate (Masoudian, 2009). Landsat 8 satellite imagery of the study area 

was acquired. Landsat 8 collects and archives medium resolution (30-meter 

spatial resolution) multispectral image data allowing for seasonal coverage of 

the global landmasses for a period of about five years. The imagery was 

classified into six classes using supervised classification tool in ArcGIS. 

Supervised classification is a process of grouping pixels with the similar pixel 

numbers into several classes of land use/land cover (LULC). 

 

Soil Permeability 

A key factor in accessing flood is water infiltration.  Most soils are impermeable 

basically because of the presence of clay but sandy soil allows water to easily 
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infiltrate. Soil samples were collected from the forty-eight sampling points. 

Permeability results were obtained from lab analysis. Index sand properties 

method was used to generate soil permeability values for use. 

 

Procedure 

The first step was the geo-referencing of the satellite imagery and registering of 

the result to the UTM coordinate system zone 32N. Then unsupervised 

classification was performed on the imagery in order to obtain the different land 

use classes.  

Elevation values were calculated from the SRTM DEMs from which surface 

slope was calculated. The drainage density was also calculated from draining 

network and basin information. The model files and hydrologic parameters were 

then prepared from Arc Hydro and HEC-GeoHMS tools. All data were 

integrated in a GIS environment using the Analytical Hierarchical Process 

(AHP) method to calculate flood hazard map. 

 

Analytic Hierarchy Process (AHP) 

AHP is a multi-criteria decision-making approach and was introduced by 

Masoudian (2009) and Mastin et al., (2009). The AHP is a decision support tool 

used to solve complex decision problems. The AHP for this project was design 

with XLSTAT in order to obtain the weight and significance of each factor after 

a pairwise comparison has been developed. The relative 

significance rating score was set at 1 to 7 suggesting less significant to much 

more important factors. The pairwise comparison matrix as shown in table 3.5 

using 5 x 5 matrix, indicates that diagonal elements are equal to 1. To obtain 

rating score from relative significance, the values of each row are compared 

with each column. For instance, the importance of rainfall is significantly 

greater than land use and therefore assigned the value 7. Row explains the Land 

Use Value. Hence the inverse value of the pairwise comparison (e.g. 1/7 for 

rainfall intensity) is given to the row as in Table 2.5. 

 

Table 2.5: Pairwise Comparison, Analytical Hierarchy Process 

Criteria Rainf

all 

Elevation/

Slope 

Land 

use 

Drainage 

Density 

Soil 

Permeabilit

y 

Rainfall 1 3 7 5 7 

Elevation/Sl

ope 

0.333 1 3 1 3 

Land use 0.333 0.333 1 0.143 0.333 

Drainage 

Density 

0.2 3 0.2 1 0.143 
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Soil 

Permeabilit

y 

0.333 1 3 0.143 1 

 Adapted from: Saaty, 1980; Masoudian, 2009 

The pairwise comparison matrix was used to generate the weight of factors 

using xlstat as shown in table 2.6. 

 

Table 2.6: Relative Weight of Factors 

Criteria % 

Rainfall 50.43 

Elevation/Slope 18.73 

Land use 6.33 

Drainage Density 12.35 

Soil Permeability 12.16 

Adapted from: Saaty, 1980; Mastin et al., 2009. 

 

Reclassification 

The process of reassigning a value, a range of values, or a list of values in a 

raster to new output values is called Reclassification. All the five input datasets 

were reclassified on a scale of 1 – 10 with 1 having the lowest risk while 10 has 

the highest risk.  

 

The Weighted Overlay 

One of the methods of modelling suitability in ArcGIS is weighted overlay. The 

model is run by assigning a weight to each raster layer in a suitable analysis. 

Reclassification is done to the values in the raster layers. By multiplying each 

raster cell’s suitability value by its layer, weights are assigned to each raster 

layer and values added to derive a suitability value. By assigning a weight to 

each raster layer in the overlay process the model is able to control the influence 

of different raster layers in the Model.  

Table 2.7 shows the input raster layers, their classes, ratings and the weights. 

The Table shows that rainfall intensity has the highest weight and therefore had 

the most influence in the model. This is followed by slope/elevation, drainage 

density, soil permeability and land 

use in order of magnitude. At the end of modelling and assessment, a flood risk 

map was produced. 

The flood risk map obtained was then overlaid on Port Harcourt base map to 

show different areas of Port Harcourt and their flash flood risk level according 

to different colours and or numbers. 
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Table 2.7: Factors, Ratings and their Weights 
Factors/Parameters Class Rating Weight 

Rainfall Intensity 397.4 - 425 10 0.504 

369.8 - 397.4 8 

342.2 - 369.8 6 

314.6 - 342.2 4 

287 - 314.6 2 

Slope/Elevation 7.31 - 25.89 10 0.1873 

4.47 - 7.31 8 

2.74 - 4.47 6 

1.42 - 2.74 4 

0 - 1.42 2 

Drainage Density 1275 - 1917 10 0.124 

1027 - 1275 8 

808 - 1027 6 

550 - 808 4 

52 - 550 2 

Soil Permeability 0.75 - 1.33 10 0.122 

1.33 - 1.92 8 

1.92 - 2.50 6 

2.50 - 3.09 4 

3.09 - 3.67 2 

Land use water 10 0.063 

Built up  8 

Bare land  7 

Agriculture 6 

Light Veg 4 

Thick Veg 2 

Source:  Mastin et al., 2009, 1980;   Elkhrachy,2015 

 

MODELLING / FLASH FLOOD RISK ASSESSMENT 

 
Analytic Hierarchy Process 



122  africanscholarpublications@gmail.com                                                                               

 2021 

 

Conceptual Model 

Fig: 2.3: Flash flood Risk Assessment and Modelling Methodology for this 

study 

Adapted from: Elkhrachy, 2015. 

 

RESULTS 

Monthly Rainfall Amount for 36 years 

Daily rainfall amount from 1st January 1981 to 31st December, 2016 (inclusive) 

were obtained from the Nigerian Meteorological Agency (NIMET) at the Port 

Harcourt international airport and developed into monthly rainfall amount as 

shown in Tables 3.1 and 3.2 and figs. 4.1, 4.3.  

 

Rainfall Values for 1981 (in mm) 

The amount of rainfall for 1981 varies from 0.0 for December to 348.5 for July 

with a mean value of 179.86 ± 128.67. The total rainfall for 1981 was 2158.3.  

 

Rainfall Values for 1982 (in mm)          

The amount of rainfall for 1982 varies from 3.2 for December to 431.4 for July 

with a mean value of 165.96 ± 133.55. The total rainfall for 1982 was 1991.5. 

 

Rainfall Values for 1983 (in mm) 

The amount of rainfall for 1983 varies from 0.0 for January and February to 

324.4 for September with a mean value of 136.0 ± 123.17. The total rainfall for 

1983 was 1632.  

 

Rainfall Values for 1984 (in mm) 

The amount of rainfall for 1984 varies from 0.0 for January to 502.7 for 

September with a mean value of 174.63 ± 144.11. The total rainfall for 1984 

was 2095.6.  

 

Rainfall Values for 1985 (in mm) 

The amount of rainfall for 1985 varies from 1.8 for December to 402.5 for June 

with a mean value of 199.64 ± 157.56. The total rainfall for 1985 was 2395.7.  

 

Rainfall Values for 1986 (in mm) 

The amount of rainfall for 1986 varies from 0.0 for December to 513.9 for July 
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with a mean value of 190.26 ± 163.34. The total rainfall for 1986 was 2283.1.  

value of 190.26 ± 163.34. The total rainfall for 1986 was 2283.1.  

 

Rainfall Values for 1987 (in mm) 

The amount of rainfall for 1987 varies from 0.5 for January to 410.5 for 

September with a mean value of 188.48 ± 140.26. The total rainfall for 1987 

was 2261.7 

 

Rainfall Values for 1988 (in mm) 

The amount of rainfall for 1988 varies from 4.5 for February to 463.9 for 

September with a mean value of 201.74 ± 170.21. The total rainfall for 1988 

was 2420.9. 

 

Rainfall Values for 1989 (in mm) 

The amount of rainfall for 1989 varies from 0.0 for January and December to 

430.7 for August with a mean value of 180.02 ± 143.92. The total rainfall for 

1989 was 2160.2. 

 

Rainfall Values for 1990 (in mm) 

The amount of rainfall for 1990 varies from 15.4 for February to 578.1 for 

August with a mean value of 172.78 ± 181.86. The total rainfall for 1990 was 

2073.3. 

 

Rainfall Values for 1991 (in mm) 

The amount of rainfall for 1991 varies from 0.0 for January to 432.1 for May 

with a mean value of 174.53 ± 136.03. The total rainfall for 1991 was 2094.4. 

 

Table 3.1: Monthly Rainfall values for Port Harcourt from 1981 to 1998 

(Rainfall in mm).  
S/N YEAR JAN FEB MAR APR  MAY JUN JUL AUG SEP OCT NOV DEC MEAN      SD  RANGE  TOTAL RAIN 

1 1981 75.5 27.5 140.2 102.1 311.4 272.6 348.5 305.7 337.4 171.4 66.0 0.0 179.86 128.67 348.5 2158.3 

2 1982 30.2 37.9 107.6 147.0 238.3 204.2 431.4 230.0 360.2 143.2 58.3 3.2 165.96 133.55 428.2 1991.5 

3 1983 0.0 0.0 33.1 114.2 141.3 183.5 310.9 154.4 324.4 304.7 19.8 45.7 136.0 123.17 324.4 1632.0 

4 1984 0.0 61.6 71.4 170.0 251.4 321.2 225.2 232.8 502.7 143.6 109.4 6.3 174.63 144.11 502.7 2095.6 

5 1985 9.5 8.9 154.8 208.0 296.8 402.5 397.2 344.3 359.0 161.3 51.6 1.8 199.64 157.56 400.7 2395.7 

6 1986 12.5 60.1 97.3 121.4 156.7 168.7 513.9 282.1 401.1 361.5 107.8 0.0 190.26 163.34 513.9 2283.1 

7 1987 0.5 119.5 166.7 90.5 121.4 337.8 308.0 381.1 410.5 213.5 95.4 16.8 188.48 140.26 410.0 2261.7 

8 1988 5.4 4.5 119.9 165.8 274.9 467.4 329.6 307.1 463.9 226.6 34.7 21.1 201.74 170.21 462.9 2420.9 

9 1989 0.0 56.9 77.9 249.1 311.5 284.2 180.7 430.7 341.7 171.9 55.6 0.0 180.02 143.92 430.7 2160.2 

10 1990 21 15.4 14.7 122.7 144.0 127.5 446.7 578.1 323.4 148.5 59.1 72.2 172.78 181.86 563.4 2073.3 

11 1991 0.0 80.9 105.0 107.5 432.1 256.5 360.2 310.1 139.1 171.6 111.1 20.3 174.53 136.03 432.1 2094.4 

12 1992 58.7 3.6 178.0 89.9 178.8 170.2 343.5 271.1 260.3 271.5 87.9 0.0 159.46 112.70 343.5 1913.5 

13 1993 0.0 43.0 158.0 247.5 135.7 326.8 438.5 325.6 368.7 266.8 37.5 8.9 196.42 152.92 438.5 2357.0 
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14 1994 37.4 66.8 80.9 128.9 372.6 256.3 462.3 315.3 342.0 218.8 93.9 0.0 197.93 150.82 462.3 2375.2 

15 1995 64.1 60.2 118.3 120.1 362.5 246.6 401.7 333.6 319.6 413.1 29.6 53.6 210.25 149.88 383.5 2523.0 

16 1996 0.0 130.4 113.9 320.9 373.6 160.5 241.3 229.4 478.0 272.8 22.8 5.9 195.79 151.53 478.0 2349.5 

17 1997 23.3 18.6 96.4 174.5 380.1 353.1 360.0 305.6 207.4 133.2 247.7 29.9 194.15 136.0 361.5 2329.8 

18 1998 22.6 36.9 87.6 188.0 279.1 414.6 369.8 247.3 489.1 259.4 136.7 32.0 213.59 157.06 466.5 2563.1 

                  

SD = Standard Deviation 

 

Table 3.2: Monthly Rainfall values for Port Harcourt from 1999 to 2016 

(Rainfall in mm). 
S/N YEAR JAN FEB MAR APR  MAY JUN JUL AUG SEP OCT NOV DEC MEAN  SD  RANGE  TOTAL 

RAIN 

1 1999 40.9 52.1 106.6 186.4 291.6 232.5 294.1 256.4 453.5 510.6 73.5 0.0 208.18 163.35 510.6 2498.2 

2 2000 11.6 7.2 59.2 190.2 202.3 181.5 419.8 245.4 454.9 153.1 51.6 16.9 166.14 151.44 447.7 1993.7 

3 2001 31.3 2.4 156.2 118.2 314.7 245.2 336.9 309.9 365.3 137.1 78.1 28.1 176.95 131.93 262.9 2123.4 

4 2002 0.0 79.0 75.8 103.3 118.0 324.0 285.4 556.7 265.4 283.5 67.0 28.1 182.18 162.57 556.7 2186.2 

5 2003 17.3 86.2 93.0 169.3 174.2 254.7 480.9 206.4 535.3 229.6 98.6 4.1 195.8 165.99 531.2 2349.6 

6 2004 1.8 46.5 50.7 120.7 133.0 243.7 396.9 210.1 352.4 218.1 95.7 5.4 156.25 130.04 395.1 1875.0 

7 2005 17.1 85.9 89.3 121.4 247.3 383.4 252.9 228.4 285.2 195.2 29.0 38.4 164.46 117.50 366.3 1973.5 

8 2006 39.6 97.7 64.7 45.2 421.0 319.2 388.8 294.7 574.5 286.0 10.9 0.0 211.86 192.55 574.5 2542.3 

9 2007 0.0 78.0 93.2 168.8 290.3 385.4 501.1 452.6 324.5 324.3 162.2 10.5 232.58 170.51 501.1 2790.9 

10 2008 2.4 0.0 111.1 228.4 196.6 190.6 285.1 389.2 275.6 142.2 63.5 87.5 164.37 119.08 389.2 1972.4 

11 2009 61.3 66.6 108.0 169.0 312.9 346.2 410.2 376.3 256.7 377.7 77.6 0.0 213.54 148.76 410.2 2562.5 

12 2010 14.6 102.0 42.8 202.7 231.6 321.5 211.8 247.5 454.1 201.0 82.8 4.2 176.38 133.76 449.9 2116.6 

13 2011 0.0 111.1 46.5 113.6 322.8 149.1 298.8 213.0 250.6 182.9 53.5 7.3 145.77 109.83 322.8 1749.2 

14 2012 23.4 104.0 92.7 247.2 208.0 311.8 359.0 208.6 409.4 205.5 79.0 0.0 187.38 130.97 409.4 2248.6 

15 2013 40.6 37.0 122.1 210.5 260.1 461.7 274.4 112.9 178.8 304.8 144.0 112.7 188.3 122.07 424.7 2259.6 

16 2014 57.2 17.7 143.2 215.8 294.5 381.3 265.0 371.2 342.1 368.1 118.6 0.8 214.63 142.90 380.5 2575.5 

17 2015 4.0 182.7 117.7 130.6 148.8 460.5 187.5 204.9 281.5 275.6 46.7 0.0 170.04 130.05 460.5 2040.5 

18 2016 0.0 0.0 309.7 64.0 236.4 300.2 280.1 208.6 409.4 205.5 79.0 0.0 174.41 141.11 409.4 2092.9 

                  

SD = Standard Deviation 

 

Rainfall Values for 1992 (in mm) 

The amount of rainfall for 1992 varies from 0.0 for December to 343.5 for July 

with a mean value of 159.46 ± 112.7. The total rainfall for 1992 was 1913.5. 

 

Rainfall Values for 1993 (in mm) 

The amount of rainfall for 1993 varies from 0.0 for January to 438.5 for July 

with a mean value of 196.42 ± 152.92. The total rainfall for 1993 was 2357. 

 

Rainfall Values for 1994 (in mm) 

The amount of rainfall for 1994 varies from 0.0 for December to 462.3 for July 

with a mean value of 197.93 ± 150.82. The total rainfall for 1994 was 2375. 

 

Rainfall Values for 1995 (in mm) 

The amount of rainfall for 1995 varies from 29.6 for November to 413.1 for 

October with a mean value of 210.25 ± 149.88. The total rainfall for 1995 was 

2523. 
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Rainfall Values for 1996 (in mm) 

The amount of rainfall for 1996 varies from 0.0 for January to 478.0 for 

September with a mean value of 195.79 ± 151.53. The total rainfall for 1996 

was 2349.5. 

 

Rainfall Values for 1997 (in mm) 

The amount of rainfall for 1997 varies from 18.6 for February to 380.1 for May 

with a mean value of 194.15 ± 136.0. The total rainfall for 1997 was 2329.8. 

 

Rainfall Values for 1998 (in mm) 

The amount of rainfall for 1998 varies from 22.6 for January to 489.1 for 

September with a mean value of 213.59 ± 157.06. The total rainfall for 1998 

was 2563.1. 

 

Rainfall Values for 1999 (in mm) 

The amount of rainfall for 1999 varies from 0.0 for December to 510.6 for 

October with a mean value of 208.18 ± 163.35. The total rainfall for 1999 was 

2498.2. 

 

Rainfall Values for 2000 (in mm) 

The amount of rainfall for 2000 varies from 7.2 for February to 454.9 for 

September with a mean value of 166.14 ± 151.44. The total rainfall for 2000 

was 1993.7. 

 

Rainfall Values for 2001 (in mm) 

The amount of rainfall for 2001 varies from 7.2 for February to 454.9 for 

September with a mean value of 196.95 ± 131.93. The total rainfall for 2001 

was 2123.4. 

 

Rainfall Values for 2002 (in mm) 

The amount of rainfall for 2002 varies from 0.0 for January to 556.7 for August 

with a mean value of 182.18 ± 162.57. The total rainfall for 2002 was 2186.2. 

 

Rainfall Values for 2003 (in mm) 

The amount of rainfall for 2003 varies from 4.1 for December to 535.3 for 

September with a mean value of 195.8 ± 165.99. The total rainfall for 2003 was 

2349.6. 
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Rainfall Values for 2004 (in mm) 

The amount of rainfall for 2004 varies from 1.8 for January to 396.9 for July 

with a mean value of 156.25 ± 130.04. The total rainfall for 2004 was 1875. 

 

Rainfall Values for 2005 (in mm) 

The amount of rainfall for 2005 varies from 17.1 for January to 383.4 for July 

with a mean value of 164.46 ± 117.50. The total rainfall for 2005 was 1973.5. 

 

Rainfall Values for 2006 (in mm) 

The amount of rainfall for 2006 varies from 0.0 for December to 574.5 for 

September with a mean value of 211.86 ± 192.55. The total rainfall for 2006 

was 2542.3. 

 

Rainfall Values for 2007 (in mm) 

The amount of rainfall for 2007 varies from 0.0 for January to 501.1 for July 

with a mean value of 232.58 ± 170.51. The total rainfall for 2007 was 2790.9. 

 

Rainfall Values for 2008 (in mm) 

The amount of rainfall for 2008 varies from 0.0 for February to 389.2 for August 

with a mean value of 164.37 ± 119.08. The total rainfall for 2008 was 1972.4. 

 

Rainfall Values for 2009 (in mm) 

The amount of rainfall for 2009 varies from 0.0 for December to 410.2 for 

August with a mean value of 213.54 ± 148.76. The total rainfall for 2009 was 

2562.5. 

 

Rainfall Values for 2010 (in mm) 

The amount of rainfall for 2010 varies from 4.2 for December to 454.1 for 

September with a mean value of 176.38 ± 133.76. The total rainfall for 2010 

was 2116.6. 

 

Rainfall Values for 2011 (in mm) 

The amount of rainfall for 2011 varies from 0.0 for January to 322.8 for May 

with a mean value of 145.77 ± 109.83. The total rainfall for 2011 was 1749.2. 

 

Rainfall Values for 2012 (in mm) 

The amount of rainfall for 2012 varies from 0.0 for December to 409.4 for 
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September with a mean value of 187.38 ± 130.97. The total rainfall for 2012 

was 2248.6. 

 

Rainfall Values for 2013 (in mm) 

The amount of rainfall for 2013 varies from 37.0 for December to 461.7 for 

June with a mean value of 188.3 ± 122.07. The total rainfall for 2013 was 

2259.6. 

 

Rainfall Values for 2014 (in mm) 

The amount of rainfall for 2014 varies from 0.8 for December to 381.3 for June 

with a mean value of 214.63 ± 142.90. The total rainfall for 2014 was 2575.5. 

 

Rainfall Values for 2015 (in mm) 

The amount of rainfall for 2015 varies from 0.0 for December to 460.5 for June 

with a mean value of 170.04 ± 130.05. The total rainfall for 2015 was 2040.5. 

 

Rainfall Values for 2016 (in mm) 

The amount of rainfall for 2015 varies from 0.0 for January and February to 

409.4 for September with a mean value of 174.41 ± 141.11. The total rainfall 

for 2015 was 2092.9. 

 

 
Fig. 3.1: Rainfall trend of Port Harcourt for 36 years 

0

500

1000

1500

2000

2500

3000

1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

R
ai

n
fa

ll 
A

m
o

u
n

t 
in

 m
m

Years

Rainfall trend of Port Harcourt for 36 years



128  africanscholarpublications@gmail.com                                                                               

 2021 

 

  

 
Fig. 3.2: Yearly Rainfall values of Port Harcourt for 36 years  

 

 
Fig. 3.3: Monthly Rainfall values of Port Harcourt in percentage for 36 

years  
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Fig. 3.4: Mean Monthly Rainfall of Port Harcourt from 1981 - 2016 

 

Result of Analysis of Soil Samples 

48 soil samples from different parts of Port Harcourt Metropolis, numbered S1 

to S48 were analyzed in the Laboratory for PSD, moisture content, 

permeability, and texture class. The result of the analysis is shown in Tables 3.2 

and 3.3. 

 

Sample S1 (Rumuodara by Adamac) 

For sample S1, the analysis result showed that it was made of 82.24% sand, 

5.28% silt, 12.48% clay with moisture content of 11.64% and permeability of 

2.3 x 10-3 cm/sec. The texture class was determined to be loamy sand (LS). 

 

Table 3.3: Soil Samples Analysis Result for Samples 1 – 24. 

S/N SAMPLE  ID SAND    

% 

SILT % CLAY % TEXTURE 

 CLASS 

MOISTURE  % PERMEABILITY 

(cm/sec.) x 10-3 

1 S1 82.24 5.28 12.48 LS 11.64 2.3 

2 S 2 83.32 3.32 13.36 LS 16.99 3.2 

3 S 3 85.24 3.36 11.40 LS 20.44 3.0 

4 S 4 79.40 2.12 18.48 SL 14.04 1.8 

5 S 5 76.52 4.0 19.48 SL 11.55 1.5 

6 S 6 82.64 2.04 12.32 LS 23.14 2.1 
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7 S 7 83.72 3.84 12.44 LS 17.12 2.4 

8 S 8 83.64 3.00 13.36 LS 24.85 3.5 

9 S 9 74.00 5.56 20.44 SL 14.93 2.4 

10 S 10 78.96 9.60 11.44 LS 23.22 2.8 

11 S 11 80.88 9.36 9.76 SS 26.60 3.4 

12 S 12 74.08 4.60 21.32 SCL 24.69 3.0 

13 S 13 84.00 2.52 13.48 LS 4.10 1.3 

14 S 14 81.96 6.28 11.76 LS 26.69 2.8 

15 S 15 83.96 6.28 9.76 SS 28.69 3.0 

16 S 16 78.88 7.28 13.84 LS 26.92 3.4 

17 S 17 86.88 2.28 10.84 SS 28.04 1.6 

18 S 18 85.88 4.28 9.84 SS 26.45 1.9 

19 S 19 80.32 10.44 9.24 SS 38.65 3.4 

20 S 20 87.84 2.88 9.28 SS 14.78 1.2 

21 S 21 81.32 6.44 12.24 LS 9.55 1.5 

22 S 22 80.96 6.80 12.24 LS 17.70 1.8 

23 S 23 78.32 7.44 14.24 LS 14.19 1.0 

24 S 24 85.04 5.24 9.27 SS 16.23 1.2 

Where: LS = Loamy Sand, SL = Sandy Loam, SS = Sandy Soil, SCL = Sandy 

Clay Loam 

 

Table 3.4: Soil Samples Analysis Result for Samples 25 – 48. 

S/N SAMPLE ID SAND    

% 

SILT 

% 

CLAY 

% 

TEXTURE 

 CLASS 

MOISTURE  % PERMEABILITY 

(cm/sec.) x 10-3 

25 S  25 79.32 5.44 15.24 LS 9.65 1.1 

26 S 26 87.32 4.56 8.12 SS 7.57 2.2 

27 S 27 87.32 2.84 9.84 SS 9.45 1.0 

28 S 28 87.12 3.64 9.24 SS 30.87 2.9 

29 S 29 84.32 5.72 9.96 SS 30.91 3.4 

30 S 30 86.00 0.76 13.24 LS 6.60 1.8 

31 S 31 85.24 5.64 9.12 SS 31.82 3.7 

32 S 32 87.00 4.76 8.24 SS 20.72 2.4 

33 S 33 80.32 8.84 10.84 SS 30.54 3.1 

34 S 34 80.32 6.80 12.88 LS 14.20 2.1 

35 S 35 82.32 2.56 15.12 LS 6.89 1.8 

36 S 36 88.32 1.72 9.96 SS 5.28 0.7 
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37 S 37 83.32 4.64 12.04 LS 12.81 1.3 

38 S 38 81.88 6.00 12.12 LS 17.94 2.3 

39 S 39 88.84 3.20 7.96 SS 6.85 1.6 

40 S 40 62.04 7.84 30.12 SCL 16.05 2.3 

41 S 41 83.88 4.36 11.76 LS 11.66 2.1 

42 S 42 87.88 4.28 7.84 SS 8.74 1.5 

43 S 43 83.88 5.00 11.12 LS 8.01 2.2 

44 S 44 85.88 6.16 7.96 SS 37.91 3.5 

45 S 45 89.88 2.20 7.92 SS 14.65 1.7 

46 S 46 89.84 2.08 8.08 SS 1.95 0.9 

47 S 47 88.88 1.28 9.84 SS 5.70 1.6 

48 S 48 81.76 6.63 11.61 LS 5.13 1.9 

 

Where: LS = Loamy Sand, SL = Sandy Loam, SS = Sandy Soil, SCL = Sandy 

Clay Loam 

 

Sample S2 (Rumuokwurusi by pipeline) 

Sample S2, the analysis result showed that it was made of 83.32% sand, 3.32% 

silt, 13.36% clay with Moisture content of 16.99% and Permeability of 3.2 x 10-

3 cm/sec. The texture class was determined to be loamy sand (LS). 

 

Sample S3 (Elelenwo) 

Sample S3 analysis result showed 83.24% sand, 3.36% silt, 11.40% clay with 

moisture content of 20.44% and permeability of 3.0 x 10-3 cm/sec. The texture 

class was determined to be loamy sand (LS). 

 

Sample S4 (Eneka) 

Sample S4 analysis result showed 79.40% sand, 2.12% silt, 18.48% clay with 

moisture content of 14.04% and permeability of 1.8 x 10-3 cm/sec. The texture 

class was determined to be sandy loam (SL). 

 

Sample S5 (Igwuruta) 

For sample S5 analysis result showed 76.52% sand, 4.0% silt, 19.48% clay with 

moisture content of 11.55% and permeability of 1.5 x 10-3 cm/sec. The texture 

class was determined to be sandy loam (SL). 
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Sample S6 (Rukpokwu) 

For sample S6 analysis result showed 82.64% sand, 2.04% silt, 12.32% clay 

with moisture content of 23.14% and permeability of 2.1 x 10-3 cm/sec. The 

texture class was determined to be loamy sand (LS). 

 

Sample S7 (SARS road) 

For sample S7 analysis result showed 83.72% sand, 3.84% silt, 12.44% clay 

with moisture content of 17.12% and permeability of 2.4 x 10-3 cm/sec. The 

texture class was determined to be loamy sand (LS). 

 

Sample S8 (Rumuopara Comm. Sec. School) 

For sample S8 analysis result showed 83.64% sand, 3.00% silt, 13.36% clay 

with moisture content of 24.85% and permeability of 3.5 x 10-3 cm/sec. The 

texture class was determined to be loamy sand (LS). 

 

Sample S9 (Nkpolu junction, East West road) 

Sample S9 analysis result showed 74.00% sand, 5.56% silt, 20.44% clay with 

moisture content of 14.93% and permeability of 2.4 x 10-3 cm/sec. The texture 

class was determined to be sandy loam (SL). 

 

Sample S10 (Nkpolu junction, East West road) 

Sample S10 analysis result showed 78.96% Sand, 9.60% Silt, 11.44% Clay with 

Moisture content of 23.22% and Permeability of 2.8 x 10-3 cm/sec. The texture 

class was determined to be loamy sand (LS). 

 

Sample S11 (Rumuopara) 

Sample S11 analysis result showed 80.88% Sand, 9.36% Silt, 9.76% Clay with 

Moisture content of 26.60% and Permeability of 3.4 x 10-3 cm/sec. The texture 

class was determined to be sandy soil (SS). 

 

Sample S12 (Rumuosi) 

Sample S12 analysis result showed 74.08% Sand, 4.60% Silt, 21.32% Clay with 

Moisture content of 24.69% and Permeability of 3.0 x 10-3 cm/sec. The texture 

class was determined to be sandy clay loam (SCL). 
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Sample S13 (Rumuekini) 

Sample S13 analysis result showed 84.00% Sand, 2.52% Silt, 13.48% Clay with 

Moisture content of 4.10% and Permeability of 1.3 x 10-3 cm/sec. The texture 

class was determined to be sandy clay loam (SCL). 

 

Sample S14 (Rumualogu, Choba) 

Sample S14 analysis result showed 81.96% Sand, 6.28% Silt, 11.76% Clay with 

Moisture content of 26.69% and Permeability of 2.8 x 10-3 cm/sec. The texture 

class was determined to be loamy soil (LS). 

 

Sample S15 (Mbuogba, NTA road) 

Sample S15 analysis result showed 83.96% Sand, 6.28% Silt, 9.76% Clay with 

Moisture content of 28.89% and Permeability of 3.0 x 10-3 cm/sec. The texture 

class was determined to be sandy soil (SS). 

 

Sample S16 (Mbuogba) 

Sample S16 analysis result showed 78.88% Sand, 7.28% Silt, 13.84% Clay with 

Moisture content of 26.92% and Permeability of 3.4 x 10-3 cm/sec. The texture 

class was determined to be loamy soil (LS). 

 

Sample S17 (Rumuokwuta) 

Sample S17 analysis result showed 86.88% Sand, 2.28% Silt, 10.84% Clay with 

Moisture content of 28.04% and Permeability of 1.6 x 10-3 cm/sec. The texture 

class was determined to be sandy soil (SS). 

 

Sample S18 (Rumuigbo Civic centre) 

Sample S18 analysis result showed 85.88% Sand, 4.28% Silt, 9.84% Clay with 

Moisture content of 26.45% and Permeability of 1.9 x 10-3 cm/sec. The texture 

class was determined to be sandy soil (SS). 

 

Sample S19 (Rumuomasi) 

Sample S19 analysis result showed 80.32% Sand, 10.44% Silt, 9.25% Clay with 

Moisture content of 38.65% and Permeability of 3.4 x 10-3 cm/sec. The texture 

class was determined to be sandy soil (SS). 
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Sample S20 (Rumuomasi) 

Sample S20 analysis result showed 87.84% Sand, 2.88% Silt, 9.28% Clay with 

Moisture content of 14.78% and Permeability of 1.2 x 10-3 cm/sec. The texture 

class was determined to be sandy soil (SS). 

 

Sample S21 (Rumuomasi) 

Sample S21 analysis result showed 81.32% Sand, 6.44% Silt, 12.24% Clay with 

Moisture content of 9.55% and Permeability of 1.5 x 10-3 cm/sec. The texture 

class was determined to be loamy soil (LS). 

 

Sample S22 (Stadium road) 

Sample S22 analysis result showed 80.96% Sand, 6.80% Silt, 12.24% Clay with 

Moisture content of 17.70% and Permeability of 1.8 x 10-3 cm/sec. The texture 

class was determined to be loamy soil (LS). 

 

Sample S23 (Daniel Amadi Avenue by Stadium rd) 

Sample S23 analysis result showed 78.32% Sand, 7.44% Silt, 14.24% Clay with 

Moisture content of 14.19% and Permeability of 1.0 x 10-3 cm/sec. The texture 

class was determined to be loamy soil (LS). 

 

Sample S24 (Uyo street, Rumuomasi) 

Sample S24 analysis result showed 85.04% Sand, 5.24% Silt, 9.27% Clay with 

Moisture content of 16.23% and Permeability of 1.2 x 10-3 cm/sec. The texture 

class was determined to be Sandy soil (SS). 

 

Sample S25 (Market junction, Rumuomasi) 

Sample S25 analysis result showed 79.32% Sand, 5.44% Silt, 15.24% Clay with 

Moisture content of 9.65% and Permeability of 1.2 x 10-3 cm/sec. The texture 

class was determined to be loamy soil (LS). 

 

Sample SS6 (Rumuala link road) 

Sample S26 analysis result showed 87.32% Sand, 4.56% Silt, 8.12% Clay with 

Moisture content of 7.57% and Permeability of 2.2 x 10-3 cm/sec. The texture 

class was determined to be Sandy soil (SS). 
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Sample S27 (Elekahia) 

Sample S27 analysis result showed 87.32% Sand, 2.84% Silt, 9.84% Clay with 

Moisture content of 9.45% and Permeability of 1.0 x 10-3 cm/sec. The texture 

class was determined to be Sandy soil (SS). 

 

Sample S28 (Rumuokalagbor) 

Sample S28 analysis result showed 87.12% Sand, 3.64% Silt, 9.24% Clay with 

Moisture content of 30.87% and Permeability of 2.9 x 10-3 cm/sec. The texture 

class was determined to be Sandy soil (SS). 

 

Sample S29 (Rumuokalagbor) 

Sample S29 analysis result showed 84.32% Sand, 5.72% Silt, 9.96% Clay with 

Moisture content of 30.91% and Permeability of 3.4 x 10-3 cm/sec. The texture 

class was determined to be Sandy soil (SS). 

 

Sample S30 (Tombia street, GRA) 

Sample S30 analysis result showed 86.00% Sand, 0.76% Silt, 13.24% Clay with 

Moisture content of 6.60% and Permeability of 1.8 x 10-3 cm/sec. The texture 

class was determined to be loamy soil (LS). 

 

Sample S31 (Rotimi Amaechi road, GRA) 

Sample S31 analysis result showed 85.24% Sand, 5.64% Silt, 9.12% Clay with 

Moisture content of 31.82% and Permeability of 3.7 x 10-3 cm/sec. The texture 

class was determined to be Sandy soil (SS). 

 

Sample S32 (Bayelsa road, GRA) 

Sample S32 analysis result showed 87.00% Sand, 4.76% Silt, 8.24% Clay with 

Moisture content of 20.72% and Permeability of 2.4 x 10-3 cm/sec. The texture 

class was determined to be Sandy soil (SS). 

 

Sample S33 (Olu Obasanjo road) 

Sample S33 analysis result showed 80.32% Sand, 8.84% Silt, 10.84% Clay with 

Moisture content of 30.54% and Permeability of 3.1 x 10-3 cm/sec. The texture 

class was determined to be Sandy soil (SS). 
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Sample S34 (Olu Obasanjo road) 

Sample S34 analysis result showed 80.32% Sand, 6.80% Silt, 12.88% Clay with 

Moisture content of 14.20% and Permeability of 2.1 x 10-3 cm/sec. The texture 

class was determined to be loamy soil (LS). 

 

Sample S35 (Wogu street, D/line) 

Sample S35 analysis result showed 82.32% Sand, 2.56% Silt, 15.12% Clay with 

Moisture content of 6.89% and Permeability of 1.8 x 10-3 cm/sec. The texture 

class was determined to be loamy soil (LS). 

 

Sample S36 (Emekuku, D/line) 

Sample S36 analysis result showed 88.32% Sand, 1.72% Silt, 9.96% Clay with 

Moisture content of 5.28% and Permeability of 0.7 x 10-3 cm/sec. The texture 

class was determined to be Sandy soil (SS). 

 

Sample S37 (Woji) 

Sample S37 analysis result showed 83.32% Sand, 4.64% Silt, 12.04% Clay with 

Moisture content of 12.81% and Permeability of 1.3 x 10-3 cm/sec. The texture 

class was determined to be loamy soil (LS). 

 

Sample S38 (Rumuepirikom) 

Sample S38 analysis result showed 81.88% Sand, 6.00% Silt, 12.12% Clay with 

Moisture content of 17.94% and Permeability of 2.3 x 10-3 cm/sec. The texture 

class was determined to be loamy soil (LS). 

 

Sample S39 (Mile 3, Timber) 

Sample S39 analysis result showed 88.84% Sand, 3.20% Silt, 7.96% Clay with 

Moisture content of 6.85% and Permeability of 1.6 x 10-3 cm/sec. The texture 

class was determined to be Sandy soil (SS). 

 

Sample S40 (Mile 1 flyover) 

Sample S40 analysis result showed 62.04% Sand, 7.84% Silt, 30.12% Clay with 

Moisture content of 16.05% and Permeability of 2.3 x 10-3 cm/sec. The texture 

class was determined to be Sandy clay loam (SCL). 
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Sample S41 (Nipost hqts) 

Sample S41 analysis result showed 83.88% Sand, 4.36% Silt, 11.76% Clay with 

Moisture content of 11.66% and Permeability of 2.1 x 10-3 cm/sec. The texture 

class was determined to be loamy soil (LS). 

 

Sample S42 (Sokoto/ Victoria street) 

Sample S42 analysis result showed 87.88% Sand, 4.28% Silt, 7.84% Clay with 

Moisture content of 8.74% and Permeability of 1.5 x 10-3 cm/sec. The texture 

class was determined to be Sandy soil (SS). 

 

Sample S43 (Church road, town) 

Sample S43 analysis result showed 83.88% Sand, 5.0% Silt, 11.12% Clay with 

Moisture content of 8.01% and Permeability of 2.2 x 10-3 cm/sec. The texture 

class was determined to be Loamy soil (LS). 

 

Sample S44 (IB Johnson street) 

Sample S44 analysis result showed 85.88% Sand, 6.16% Silt, 7.96% Clay with 

Moisture content of 37.91% and Permeability of 3.50 x 10-3 cm/sec. The texture 

class was determined to be Sandy soil (SS). 

 

Sample S45 (Industry road) 

Sample S45 analysis result showed 89.88% Sand, 2.20% Silt, 7.92% Clay with 

Moisture content of 14.65% and Permeability of 1.70 x 10-3 cm/sec. The texture 

class was determined to be Sandy soil (SS). 

 

Sample S46 (marine base) 

Sample S46 analysis result showed 89.84% Sand, 2.08% Silt, 8.08% Clay with 

Moisture content of 1.95% and Permeability of 0.90 x 10-3 cm/sec. The texture 

class was determined to be Sandy soil (SS). 

 

Sample S47 (Peter Odili road) 

Sample S47 analysis result showed 88.88% Sand, 1.28% Silt, 9.84% Clay with 

Moisture content of 5.70% and Permeability of 1.60 x 10-3 cm/sec. The texture 

class was determined to be Sandy soil (SS). 
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Sample S48 (Akpajo road) 

Sample S48 analysis result showed 81.76% Sand, 6.63% Silt, 11.61% Clay with 

Moisture content of 5.13% and Permeability of 1.90 x 10-3 cm/sec. The texture 

class was determined to be loamy soil (LS). 

 

Table 3.5: Percent Finer on 2.00mm mesh, Particle Diameter and 

Permeability. 

Sample 

Number 

Percent finer (%) of soil 

retained on Sieve No. 10   

(2.00mm mesh) 

Particle 

Diameter 

(mm) 

Permeability 

(cm/sec) x 10-

3 

S1 94.48 1.52 2.3 

S2 94.92 1.79 3.2 

S3 96.04 1.73 3.0 

S4 93.15 1.34 1.8 

S5 92.67 1.22 1.5 

S6 94.65 1.45 2.1 

S7 95.10 1.55 2.4 

S8 95.03 1.87 3.5 

S9 91.88 1.55 2.4 

S10 92.94 1.67 2.8 

S11 93.74 1.84 3.4 

S12 91.92 1.73 3.0 

S13 95.29 1.14 1.3 

S14 94.12 1.67 2.8 

S15 95.30 1.73 3.0 

S16 92.84 1.84 3.4 

S17 96.95 1.26 1.6 

S18 96.24 1.38 1.9 

S19 93.56 1.84 3.4 

S20 97.25 1.10 1.2 

S21 93.93 1.22 1.5 

S22 93.81 1.34 1.8 

S23 92.74 1.00 1.0 

S24 95.94 1.10 1.2 

S25 93.05 1.05 1.1 

S26 97.02 1.48 2.2 

S27 97.05 1.00 1.0 

S28 96.93 1.70 2.9 

S29 95.40 1.84 3.4 
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S30 96.35 1.34 1.8 

S31 96.06 1.92 3.7 

S32 96.88 1.55 2.4 

S33 93.56 1.76 3.1 

S34 93.58 1.45 2.1 

S35 94.55 1.34 1.8 

S36 97.56 0.84 0.7 

S37 94.90 1.14 1.3 

S38 94.07 1.52 2.3 

S39 97.71 1.26 1.6 

S40 87.73 1.52 2.3 

S41 95.18 1.45 2.1 

S42 97.29 1.22 1.5 

S43 95.19 1.48 2.2 

S44 96.27 1.87 3.5 

S45 97.89 1.30 1.7 

S46 97.85 0.95 0.9 

S47 97.73 1.26 1.6 

S48 94.02 1.38 1.9 

S= Sample 

 

 
Fig. 3.4: PSD of Samples 
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Fig. 3. 5: Permeability of Samples  

 

 
Fig. 3.6: Permeability Plot of Samples  

 

Modelling Data Input Maps 

Integrating data into a GIS environment result in data maps as first set of results 

displayed in Figs. 3.6 to 3.10. 
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    Fig. 3.7: 2016 Rainfall Intensity Map 

 
          Fig. 3.8: Drainage Density Map 
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    Fig. 3.9: Slope Map 

 
     Fig. 3.10: Land use / Land cover Map 
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     Fig. 3.11: Soil Permeability Map 

3.4 Result of Reclassification of Five Input Data Sets. 

The five input data sets were re-classified on a scale of 1 – 10 as shown in 

figs 3.11 – 3.15. 

 
Fig. 3.12: Re-classed Rainfall Intensity Map 
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Fig. 3.13: Re-classed Slop Map 

 
  Fig. 3.14: Re-classed Drainage Density Map 
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Fig.3.15: Re-classed Soil Permeability Map 

 

 
Fig. 3.16: Re-classed Land use / Land cover Map 
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Model and Risk Assessment Maps 

The result of the model shows the areas that have bright red colour as having 

the most risk of flash flood while areas on yellow have the least risk of flooding 

as shown in Figs. 3.17 to 3.20. 

 

 
Fig.3.17: Flash Flood Risk Model Map before imposition 

 

Fig.3.18: Flash Flood Risk Map for Port Harcourt Metropolis (6 levels of 

Risk) 
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Fig.3.19: Flash Flood Risk Map for Port Harcourt Metropolis (4 levels of 

Risk) 

 
Fig.3.20: Final Flash Flood Risk Map of Port Harcourt Metropolis 
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DISCUSSION 

Rainfall Data 

Rainfall in Port Harcourt account for about 50% of flood in the City. The highest 

rainfall records the greatest flood. By July and September of each year the City 

experiences perennial flood on account of mainly rainfall. This agrees with the 

study of Chiadikobi et al., 2011which states that rainfall in Port Harcourt has 

it’s peak months in July, August and September with a brief break in the month 

of August. The study further stated that flooding in Port Harcourt follows the 

rainfall pattern where maximum flooding is experienced between July to 

September of every year.  

 

Soil Analysis 

48 samples of soil collected for analysis at different parts of Port Harcourt 

showed generally the soil type, composition, moisture content and permeability 

as in Table 3.3 and 3.4. 

Analysis of the 48 samples showed that 22 of them were largely Loamy Sand 

(LS), 21 samples were Sandy soil (SS), three (3) Samples were Sandy loam (SL) 

while the remaining 2 samples were of Sandy clay loam (SCL). 

Loamy Sand (LS) has high sand percentage averaging over 80%, silt component 

with an average of 6% and clay component averaging over 13%. The Loamy 

sand in most cases have moderate moisture content averaging over 15% and 

permeability of about 2.0 cm/sec x 10-3 in average. The Loamy soil allows water 

to go through for sometimes until the moisture level is full and could not take 

more thereby giving rise to Flash flood. 

Sandy Soil (SS) has higher sand percentage than the LS averaging over 85%, 

with silt component having an average of 5% and clay component averaging 

over 9%. Most sandy soil samples in the study have high moisture content 

averaging over 25% and a generally low permeability in average. The SS allows 

water to go through for sometimes until the moisture level is full and could not 

take more thereby giving rise to Flash flood. 

Sandy Loam (SL) Soil was sampled in three places during the sampling stage. 

The soil has sand percentage averaging between 74 to 79%, silt component with 

an average of 4% and clay component averaging over 19%. The Sandy loam 

soil in most cases has moisture content averaging over 12% and permeability of 

about 1.7 cm/sec x 10-3 in average. The Sandy loam soil does not allow much 

water to go through and fills quickly, thereby allowing for flood. 
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Sandy Clay Loam (SCL) has sand percentage averaging between 64 – 74%, 

with silt component having an average of 6% and clay component averaging 

between 20 – 30%.  Sandy clay loam samples in the study have high moisture 

content averaging over 20% and a generally low permeability in average of 2.5 

cm/sec x 10-3 .The SCL allows water to go through for sometimes until the 

moisture level is full and could not take more thereby giving rise to Flash flood. 

The soil analysis results showed that all sand fractions were fine and medium 

in size, The percentage finer of soil retained on sieve number 10 (2.00mm mesh) 

ranged from 87.73 – 97.89% with particle size diameter from 0.84 – 1.92mm 

(Table 4.21). The values of permeability for the samples were generally very 

low in most cases and too low in others, the moisture content was on the 

average; medium. These properties contributed to the flash flood observed in 

the rainy season. This agreed with the study of Chiadikobi et al, 2011which 

stated that soils with the above attributes contribute to flooding. 

 

Assessment and Modelling with GIS 

A qualitative analysis of the flash flood risk of Port Harcourt using GIS creates 

the possibility of developing flood risk and vulnerability maps for flood risk 

mitigation purposes. The Main factors causing flash floods are high intensity 

rainfalls occurring mainly between May and September of every year. The 

nature of soil in the city is that it is least permeable and easily filled to capacity 

due to high moisture level, making runoff a daily occurrence during serious 

rainfall thereby causing flash flood. 

The flash flood risk map developed from the analysis with GIS in the study, 

(Fig. 3.18) showed that areas in the map were differentiated by colours and 

numbers (yellow to thick red or 4 - 9). 4 represents very low susceptibility to 

flash flood, 5 represent low susceptibility, 6 moderate susceptibility, 7 high 

susceptibility, 8 very high susceptibility and 9 extremely high susceptibility to 

flash flood. The more susceptible to flash flood are areas with higher numbers 

and deep red colours. Areas with number 9 and with thick red colour are more 

easily flooded than areas in 8 or light red colour. The higher the number and 

deeper the colour, the higher the flash flood risk. 

By reducing the risk level from 6 to 4 (Fig. 3.19 and 3.20) we could then have 

the following: 

1. Low risk 

2. Medium risk 
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3. High risk 

4. Very high risk 

No known part of Port Harcourt Metropolis is on low risk except the boundaries 

of Chokocho and a few others.  

Areas on medium risk are: Atali, Igwuruta, Rumuokwurisi, Rumubekwe, 

Azuabie, Rumubiakani, Rumumasi, and Iriebe. These areas are moderately 

susceptible to flash flood and so except after serious periods of rainfalls, flood 

susceptibility is in the average.  

Areas on high risk are: Most areas of the Port Harcourt Metropolis fall under 

the high risk colour; they are: Akpajo, Okujagu, Kidney Island, Iwofe, 

Rumuolumene, Mgbuosimiri, Rumueme, Eliopararanwo, Rumuosi, Rumuikini, 

Rumuopara, Tere-ama, Alakahia, Rukpokwu, Eneka, Rumuodumanya, Trans 

Amadi area, GRA, and town area. These areas are highly susceptible to flash 

flood and are easily flooded during short period of serious rainfall. 

Areas on very high risk are: Bori camp, Aluu, Eliozu. These are areas that are 

very highly susceptible to flash flood risk making extreme rainfall for few hours 

very devastating for them. 

The landscape or topography of the city of Port Harcourt is quite rough making 

the drainage pattern very complex. Most parts of the city are built on averagely 

low to moderately sloppy areas thus making flash flood very devastating in 

some areas, yet moderate and low in others. The high precipitation rates in the 

city added to the sloppy nature of some parts, the less permeable and moderate 

to high moisture content of the soil, poor land use/ land cover, and the high 

drainage density pose a danger to the resident of the city in terms of Flash flood 

within the rainy months. 

The findings showed that the majority of the City is characterized by low 

infiltration rate and so these areas displayed moderate to high Flash flood 

potentials. High flash flood potentials were also displayed by areas at the lower 

part of the slope region. 

Flash flood risk increases in the built up areas where drainage is either 

compromised or not properly channeled. The rest of the City can be considered 

safe from serious flash flood risk due to a combination of natural factors like 

elevation and existence of draining creeks or man-made factors like properly 

constructed drainages and desilting of existing ones. 
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CONCLUSION AND RECOMMENDATIONS 

Conclusion 

Flash flood is caused by one or the combined effect of high intensity rainfall, 

sudden breach of lakes, collapse of check dams and very steep topography 

(Pratomo, 2016). Flash flood is a type of flood that is very damaging and 

devastating the world over due to multiple nature of problems associated with 

its forecasting and the speed with which it causes havoc, slowing and reducing 

emergency responses (Smith and Petley, 2009).  

Flash flood is affecting people, wildlife, homes and populations all around the 

world due to climate change variability causing rainstorms, melting of snow, 

glacial lake outburst, high intensity rainfall, which cause hardship in living 

standards giving rise to severe economic loss and damages to infrastructures 

(Ali et al., 2016) 

Among the well-known natural hazards, flood is the most common to life, with 

risk almost impossible to avoid or entirely stop from occurring. It is therefore 

important to work on the reduction of their effect or impact on the human 

population (Ali et al., 2016). 

The main aim of flood risk mapping is to direct policies and plans for protection, 

prevention and preparedness, for effective reduction of future costs from 

flooding. Main objectives of Flash flood modelling and mapping could be to 

avoid or reduce loss of life, minimize property damage and curtail social 

disruption and also inspire well planned approach for effective land and water 

use (Dawod et al., 2011) Flash flood risk maps are easily read, readily available 

as a viable tool for suitable land use management in flood risk areas (Taha et 

al., 2017). It allows for effective administration and planning for areas at risk 

in order to prioritize their mitigation and response effort. Flood risk 

management includes preparing for pre and post flood events. 

Vulnerability to flash flood is increasing due to increases in population and 

increase development and other factors depending on the characteristics of the 

study area. Areas with greater vulnerability include flood plains, valleys, highly 

populated and concentrated areas, poor drainage settlements and less permeable 

lands.  

Preventing flash flood is almost impossible due to speed and suddenness with 

which it comes, the short duration of time involved coupled with the interplay 

of natural factors involved, but we must adopt measures to assist in reducing its 

impact on life and property. Concrete efforts are now being made to increase 
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knowledge and awareness of flash flood through the collection of reliable data 

using improved technology and advance forecasting methods from knowledge 

of modelling and Risk assessment.  

After each flash flood event, there is always the need for evaluation to know 

what went wrong and what could be improved upon.  Accurate knowledge of 

data on areas of vulnerability can assist in taming the danger the same way a 

good knowledge of factors that contribute to flash flood as studied about Port 

Harcourt will assist in mitigating the impact. The following were obtained from 

the study: 

i.  Maximum monthly rainfall average of Port Harcourt was 232.58mm 

and minimum was 136.0mm. 

ii. Peak rainfalls were observed most of the years in the month of July or 

September. Each of these months contribute 16% of total rainfall 

recorded in each of those years. 

iii. Rainfall in Port Harcourt accounts for about 50% of flood in the City. 

iv. Total rainfall values above 2000mm was recorded for 88% of the period 

for which rainfall study was done. 

v. Soil Samples in Port Harcourt are mainly loamy sand and sandy soil 

with low permeability thus recorded high surface runoff. 

vi. Moisture content of soil is moderately high so soil could not take too 

much water before getting filled up and so providing for rapid runoff 

experienced during each rainy season. 

vii. From GIS assessment and modelling, most part of the city fall under 2 

– 4,  with medium, high, and very high susceptibility to flash flood due 

to high intensity rainfall, slope, high drainage density, low soil 

permeability and poor land use. 

 

Recommendations 

Flash flood and indeed flooding generally may not be completely avoided as 

long as physical development extends to river channels. In Port Harcourt in 

particular and Nigeria in general, flood management methods include planning, 

observation, warning and execution of existing guidelines for development. 

What is lacking include adequate supervision, implementation and commitment 

to reviewing policies to suit the population growth. Floods are generally reacted 

to instead of early proactive steps before flood events. 

Flash flood is different from riverine flood and thus require a different approach 
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in dealing with. What is applicable to one may not be automatically applicable 

to the other. Mitigation of flash flood must consider the need for development 

of the area as well as prevention and mitigation of flash flood.  For Economic 

growth to be sustainable it must not be allowed to be devastated or destroyed 

by flash flood events, the same way mitigation measures must be done with the 

existing community being carried along in planning and execution. The death 

rate and devastation associated with flash flood are peculiar so flood mitigation 

strategies must be incorporating and involving. 

Flash flood mitigation starts with detection of a rain event that has possibility 

of causing flash flood and ends with the public being properly informed and 

prevention of losses from occurring due to mitigation measures put in place 

(Grunfest, 1998). Flash flood mitigation is often seen as one of technological 

and scientific method in forecasting and warning but it must be all 

encompassing, taking care of  vulnerability including land use, planning, 

allocation, development, channeling, control and implementation of well 

thought out policies. Another major aspect is that problems associated with 

flash flood is not just to provide required hardware but also good organization. 

The maximum benefit will be achieved from satisfactory technological advice 

and community preparedness before the flood, couple with the setting up of a 

suitable flash flood warning system. Flash flood must be kept in check while 

allowing for sustainable development in cities. 

Measures to mitigate against flash floods include the following: 

1. Engineering (structural) Measures: This is a traditional way of 

lessening flash flood damage adopted all over the world. This include 

the design and construction of physical structures to improve rain water 

flow (runoff), create storage of water and keep runoff in check.  

a) Storage Reservoir: This allows for runoff storage and controlled release 

of impounded water to protect the downstream flood plain. The 

disadvantage is that it is expensive and the size may need to be 

increased from time to time to meet future need due to increase 

development. 

b) River Basin Management: This involve creating shallow dishes along 

river contour lines for flood diversion and interception. This is intended 

to reduce speed and flow intensity so as to reduce damage to the 

minimum. The flood water or runoff will find new areas to infiltrate and 

percolate into ground water. 

c) Building of flood protection Dykes: This carries moderate cost and so 

it is frequently used. This limits the river flowing along it’s designated 
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course thereby protecting the river valley and neighboring areas from 

flood disaster. 

d) Drainage facility: Drainage facility in terms of gutter has to be up to 

date, the right size and capacity for expected flood and must discharge 

into a creek or river. 

e) Desilting of receiving streams and creeks: This involves clearing away 

obstacles in the stream, removing mud and sand in water channels and 

thereby improving discharge conditions and increasing the floodwater 

carrying capacity of the rivers and creeks. This should be part of a river 

or creek management and regeneration plan taken at specified intervals. 

2. Non-structural Measures: These are non- engineering, additional 

measures used in flood control to allow development while controlling 

flood. 

a) Education of populace against building and establishing businesses in 

flood prone areas and against blocking of drainages. The populace to 

avoid long and short term adverse impacts associated with the 

occupancy and modification of flood plains and the destruction and 

modification of wetlands. They are to avoid direct and indirect support 

of floodplain development and new construction in wetlands wherever 

there are practicable alternatives. 

b) Planting of trees to fight flood and reduce land use through a land use 

regulation, taking into account the risk of flooding. 

c) Flood insurance: This allows for one to insure his properties against 

flood so that the insurance company can pay for damages caused by 

flood. 

d) Flood warning and forecasting: This informs the populace on time for 

adequate preparation against flood. Because flash floods occur rapidly 

and suddenly with vast power to destroy, warning has been 

acknowledged as a major mean of reducing vulnerability and exposure. 

The warning need to be accurate and heeded to in good time to be 

effective that is why detection and forecasting systems need be done 

through incorporated real time data and models. 

e) Adequate preparedness against flood by moving things out to dry lands, 

stocking food and fuel and preparing for escape in case it will be 

needed.  

f) Flood resilience: This is the natural way for communities to co-exist 

with flood by building resistance against it. Building of flood resistive 

houses, raising the entrance height of a house, raising the house higher, 

protecting the house round with impermeable clay sand or cement wall, 

building public places on high ground, providing high ground for 

settlement during flood or putting blockades against expected flood 
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waves from rivers. 

g) Government Policy on Development: Government at all levels should 

establish and enforce development guidelines to be properly supervised 

and fully detailed to explain type of development allowed in certain 

areas of the city and where development is not allowed no matter what. 

It is also the duty of the Government to correct any incursion on 

drainage path by pulling down any structure that contravenes 

development rules of the state. Government need to identify 

opportunities for urban regeneration and for new developments, 

associating urban planning objectives to flood management activities. 

There must be a clear cut definition of authorities of the various levels 

of Government, clear cut and precise method for obtaining clearance 

and or permit for development. 

h) Disaster alleviation and Management: The Government, NGO and 

public spirited individuals should assist in making concerted effort to 

minimize the impact of flood on human health, safety and welfare. This 

can be done by making provision in yearly budget and plans for disaster 

Management to be used to provide temporary accommodation, feeding, 

clothes and any other needed materials during flood disaster. Owners 

of properties destroyed by flood can be assisted by the Government and 

public spirited individuals to raise their moral by providing financial 

assistance to them to re-start their lives. Social security can be provided 

for citizens affected by flood within specified period until they fully 

recover. 

i) Public involvement: There is the need to involve the public in all flood 

plain management and wetland protection decision –making process. 

This will make them more protective to structural measures while 

participating in the non-structural measures. When warning of a disaster 

is made, the public must carry the message and pass it on to others while 

taking measures to avert it. 

j) Flood Education in Schools: Government should deliberately teach our 

children in Schools and possibly inculcate in them good flood 

prevention habits to make them pass it on to their parents and others 

around them. The children are the leaders of tomorrow so it is proper to 

let them know at early formative years the danger flood of all kinds 

pose to our society and wellbeing. This will create a paradigm shift from 

assisting flood to avoiding flood. Most blockages of drainages are 

caused by the children either sent by their parents or on their own who 

see the drainages as dumping sites for refuse.  

k) Provision of Adequate security for the Populace. Security forms the 

bedrock of every developmental effort, be it structural, economic or 
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social. Security is not just the provision of men with arms to protect an 

area but it includes the feeling of being protected and secured by the 

populace. A Developer knowing fully well that he is adequately 

protected will not worry about fencing his house the way every small 

structure is being fenced off in Port Harcourt. This fencing or provision 

of demarcating and security fences is a major hindrance to free flow of 

runoff water from rainfall therefore partly responsible for the flood 

experienced in the city. Excessive fencing blocks the natural pathway 

of water without adequate provision for its diversion. Water tries to find 

its level and so builds up where there is no free movement as flood.  
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