
 

 

 

 

 

Abstract— Climatic change and global warming are of the very 

important investigated issues nowadays and definitely it is going to 

affect the future of mankind on earth. Global warming affects 

everything; i.e humans, animals, water…etc. and hence it is affecting 

the ecosystem which in turn affects the whole life on planet earth. 

This study aims to investigate the effect of global warming on rivers' 

water quality. The effect of global warming during the past 13 years 

on dissolved oxygen (DO) critical concentrations and hence on its 

sag curve is investigated. The study is done on the Nile River in 

Egypt at two monitoring stations; namely at Luxor governorate 

(upstream the Nile River) and at Alexandria governorate 

(downstream the River). A mathematical model is constructed to 

simulate the DO critical values and the DO sag curves at different 

water temperatures. The study is investigating two scenarios; namely 

it simulates the critical DO concentration in summer (month August) 

where the Nile reaches its peak discharge in Egypt. Also it simulates 

the critical DO values in winter (month February) where the lowest 

discharge in the Nile in Egypt is reached. The study used air 

temperatures over the last 13 years to predict the Nile River water 

temperatures at the two above mentioned stations. It was found that 

the values of the critical DO concentrations decreased over the 13 

years according to the global warming effects: at Luxor it decreased 

in February by 3.8% and in August by 4.0%; whereas at Alexandria it 

decreased in February by 1.4% and in August by 5.4%. So it is 

concluded that global warming has a negative effect on the critical 

DO concentration values in the Nile River in Egypt in the range of 

initial DO concentration values that were investigated for this study. 

Keywords — Dissolved Oxygen concentration, Dissolved Oxygen 
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I. INTRODUCTION 

ISSOLVED oxygen is one of the major parameters that are       

considered an essential indicator of the quality of water 

used by humans ;as well as, aquatic flora and fauna.  This 
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parameter is very essential for maintaining the aquatic life. It is 

maintained by many natural chemical and biological processes 

that either increase or decrease local oxygen concentrations 

[1]. 
One of the major factors affecting dissolved oxygen in 

streams is temperature. An increase in temperature reduces 

solubility of oxygen in water and consequently reduces the 

dissolved oxygen level in water.  

Human activity caused an increase in global temperature as 

a result of global warming which is believed to be a great 

threat to the natural environment and human activities. Many 

studies investigated the natural and socioeconomic impacts of 

the Global warming which revealed that these impacts includes 

disruptions, especially on aquatic ecosystems, such as the 

deterioration of river water quality, eutrophication of lakes and 

coastal zones, and so forth [2].  

Egypt is one of the most vulnerable countries to the 

potential impacts and risks of climate change, even though it 

produces less than 1 % of the world total emissions of 

greenhouse gases. Numerous studies showed that River Nile is 

very sensitive to temperature and precipitation changes [3]. 

Although several studies were conducted on River Nile in 

different fields, there is lack of researches concerning the 

effect of global warming on the quality of the River Nile, in 

particular dissolved oxygen levels.   

Global warming might increase the stress on Rosetta Branch 

of the River Nile and decline its water quality since higher 

water temperatures reduce dissolved oxygen levels, especially 

for low concentrations (<5 mg/l) which could affect the 

aquatic life [4]. 

Most of the published researches studied the effect of global 

warming on dissolved oxygen levels in streams and rivers but 

none were devoted to study the effect of temperature on 

critical dissolved oxygen concentrations and hence on sag 

curve. This paper studies the effect of global warming on 

dissolved oxygen critical concentrations and thus the sag curve 

for the River Nile. 

 

II. MATHEMATICAL MODEL FORMULATION 

As previously mentioned, the aim of this research is to 

predict the critical Dissolved Oxygen (DO) concentration 

values in the Nile River as a result of the global warming 

effects.  

In order to reach the aim of the study, a mathematical model 
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was developed on an Excel spreadsheet that will predict the 

critical DO concentrations. The different components of the 

model could be described as follows:  

The first component of the model is predicting water 

temperatures from given air temperatures. Air temperatures of 

13 successive years (from 1990 to 2012) were used to predict 

water temperatures [5]. The values for the air temperatures 

used were those of the month of February and the month of 

August (meaning the average temperature of all temperatures 

through the month of August was taken for each year from 

1990 to 2012). Same was done for the month of February. This 

means that there are 13 air temperature readings for the month 

of February and 13 for the month of August. In order to 

predict water temperatures from air temperatures the equation 

of Heinz [6] which takes into consideration the lag time 

between air and water temperature was used. This equation 

could be used because it was formulated in the first place to 

predict water temperature of the Mississippi river which has 

very similar climatic, hydrologic, and hydraulic conditions like 

the Nile River. The simulated water temperatures of the Nile 

River were used to calculate the critical DO concentrations via 

the Streeter-Phelps equation. The water temperature and DO 

critical concentrations were calculated at two gage station on 

the Nile River in Egypt namely; the first station is at  Luxor 

which is at the upstream end of the Nile River and the second 

station at Alexandria which is at the downstream end of the 

river as in Fig.1. 

 
Fig.1 The Nile River map in Egypt 

 

The research was monitoring the DO critical concentrations 

at the two above mentioned months namely; February and 

August, because in Egypt February is the month in the winter 

at which the River Nile (in Egypt) reaches its lowest discharge. 

As for August it is the month in the summer at which the Nile 

reaches its peak discharge. 

Note that the air temperatures taken are the maximum of the 

day because it is more reflective of the global warming effects. 

III. EQUATIONS AND CALCULATIONS 

The governing linear relation for the daily water 

temperature simulation by using the daily air temperatures and 

the lag time is [6] : 
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Where; the time "t" and the time lag "δ" are in units of days 

and temperatures are in °C. This equation shows that the water 

temperature calculated at time "t" is a function in the air 

temperature at the time "t" less the lag time. Meaning that, for 

example, if the lag time is calculated to be 2 hours, then the 

water temperature at 12:00 PM will be function in the air 

temperature at 10:00 AM. 

To calculate the lag time "δ" the following equation is used 
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Where;  = the cyclic period over which the study is done 

taken here as 30 days. The depth at Alexandria is 8 m in 

February and 11 m at August; whereas the depth at Luxor is 

2.5 m in February and 5.5 m in August. 

Some further calculations should be done in order to obtain 

the thermal diffusivity coefficient "α"; those calculations are 

summarized in the following lines: 

 The thermal diffusivity coefficient alpha [6]: 

 



*pC

K


                                                                     (3) 

        

Where: K = Surface heat exchange conduction coefficient 

between the air and the water in Cm
W

.2
;  Cp = the specific 

heat of water in W.S/Kg.C; 


  = density of water in Kg/
3m  

The conduction coefficient "K" is a function of the wind 

speed and the water temperature and it is obtained via tables 

and charts [7]. Cp is a constant (water property) and is 4200 

W.S/Kg.C . The density of water is taken as 1000 Kg/m^3. 
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The delta Twater/delta Tair is placed instead of the second 

regression coefficient because this coefficient represents the 

slope of the line which is relating the water temperature to the 

air temperature. As for the regression coefficient "A", it is 

obtained by substituting two known (measured from real life 

data) points of Tair and Twater into the equation.  This was 

done for luxor and Aexandria at the months of August and 
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February for year 2009 and 2010 because thiswas the available 

real life data [8]. So the coefficient "A " was obtained for 

Alexandria 4 times twice for the month of February and twice 

for August. So this leaves us with 4 values of the regression 

coefficient "A". So for the month of February (for Alexandria) 

the average coefficient "A" between year 2010 and 2009 was 

taken and the Temperature of water was calculated for the 13 

years based on that coefficient "A". The same was done for the 

month of August and the same was done for the Luxor station.  

As for the calculations of the critical dissolved oxygen 

concentrations; the Streeter-Phelps equation was used: 
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Where D t  is the DO deficit at time t in mg/L; L 0 is the BOD 

(biochemical oxygen demand) initial concentration in river 

measured in mg/L; D 0  is the initial DO deficit measured in 

mg/L; and K 1 and K 2 are the decomposition rate and the 

reaeration rate respectively and they are in units of day
1

. 

In this research, the critical deficit is calculated so the critical 

time was used in the Streeter-Phelps equation. The critical 

time is calculated via the following equation; the critical time 

has the units (days): 
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The values of K 1 and K 2  are 0.052 day
1

and 0.048 

day
1

respectively measured at a temperature of 20
0

C. The 

values of K 1 and K 2 are adjusted to satisfy any temperature via 

the following formulas: 

    20
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In order to calculate the critical DO concentration, the 

following equation was used: 

csc CCD                                                                       (9) 

Where CD  is the critical DO deficit ; cC  is the critical DO 

concentration in mg/ L; and sC  is the DO saturation 

concentration in mg/L. As for the DO saturation concentration, 

it depends on the water temperature according to the table I. 

 

The initial BOD values were taken from real life readings 

for Alexandria and Luxor at February and August [8]. 

 

 

 

 

 

TABLE I 

DO SATURATION CONCENTRATIONS VS. WATER TEMPERATURE 

Temperature 

(°C) 

DO 

(mg/l) 

Temperature 

(°C) 

DO 

(mg/l) 

1 14.60 23 8.56 

2 14.19 24 8.40 

3 13.81 25 8.24 

4 13.44 26 8.09 

5 13.09 27 7.95 

6 12.75 28 7.81 

7 12.43 29 7.67 

8 12.12 30 7.54 

9 11.83 31 7.41 

10 11.55 32 7.28 

11 11.27 33 7.16 

12 11.01 34 7.16 

13 10.76 35 6.93 

14 10.52 36 6.82 

15 10.29 37 6.71 

16 10.07 38 6.61 

17 9.85 39 6.51 

18 9.65 40 6.41 

19 9.26 41 6.41 

20 9.07 42 6.22 

21 8.90 43 6.13 

22 8.72 44 6.04 

 

IV. RESULTS 

After doing the simulation the following results were 

obtained: 
TABLE II 

DO CRITICAL  CONCENTRATIONS VS. STATION AND MONTH 

 Water 

T.;  °C 

Lo; 

mg/L 

Dc 

;mg/

L 

Cs; 

mg/L 

Cc; 

mg/L 

% 

dec. 

in 

Cs 

Luxor 

February 

19 6 2.81 9.26 6.45 3.8 

 21 6 2.70 8.90 6.20  

Luxor 

August 

24 6 2.56 8.40 5.84 4.0 

 26 6 2.48 8.09 5.61  

Alexandria 

February 

17 3.7 2.14 9.65 7.51 1.4 

 18 3.7 2.04 9.45 7.41  

Alexandria 

August 

20 3 1.63 9.07 7.44 5.4 

 24 3 1.37 8.4 7.03  

 

From the previous table it could be observed that at each 

station at each month there are two water temperature 

readings; actually the first temperature reading is the lowest 

(occurring more than one time) over the 13 years; whereas the 

second temperature is the highest (occurring more than one 

time) over the 13 years. So because of that the percent 

decrease in critical dissolved oxygen concentrations (Cs) is 

calculated between ones happening at the highest and lowest 

water temperatures over the 13 years. 

It could be seen from the results that the critical DO 

concentration decreased as the water temperature increased for 

each month and station. The water temperature increases with 

increased air temperature as in equation (1). So it could be 

observed that with increasing air temperature the critical DO 
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concentrations in the river water decrease and hence it could 

be concluded that the global warming has negative impact on 

the DO values and especially the critical DO values and thus 

the DO sag curve would be shifted with a decrease in all its 

DO values over the years.   

V. CALIBRATION AND VALIDATION OF THE MODEL 

Calibration of the mathematical model against real life 

values was done and the following results were obtained: 
 

TABLE III 

MODEL SIMULATED DO CRITICAL CONCENTRATIONS VS. REAL LIFE DO 

CONCENTRATIONS  

 Water 

Temp.;  

°C 

Cc; 

mg/L 

Avg. 

Cc;m

g/L 

Actual 

DO; 

mg/L 

% error 

Luxor 

February 

19 6.45 6.33 5.96 5.7 

 21 6.20    

Luxor 

August 

24 5.84 5.72 6.09 6.3 

 26 5.61    

Alexandria 

February 

17 7.51 7.46 7.43 0.4 

 18 7.41    

Alexandria 

August 

20 7.44 7.24 6.68 7.7 

 24 7.03    

 

The output of the program (critical DO values) was 

calibrated against actual readings of  DO concentrations in 

Nile River at Alexandria and Luxor [8]. The average of the 

DO concentrations of all days of month of February and month 

of August were taken (column #5 in table III ) in order to 

compare it with the output of the mathematical model. The 

percentage error was between 0.4 % and 7.7 % with an 

average error of all points of 5%. The percentage errors could 

be due to: 1) the DO that was taken in real life is not the 

critical DO although it was compared with the critical DO 

calculated by the mathematical model, 2) there could be error 

in the real life measurements, 3) the air temperatures and the 

simulated water temperatures are approximated to whole 

numbers so this could have affected the accuracy of critical 

DO answers slightly. 

In light of the above mentioned percentage errors and their 

possible causes; it could be concluded that the percentage 

errors are very small and acceptable and hence the results of 

the mathematical model are reliable.   

VI. DISCUSSION AND CONCLUSION 

This research was done to investigate the effect of global 

warming on the DO critical concentrations in the Nile River in 

Egypt. Two stations were chosen at which the simulation was 

done; namely Alexandria and Luxor (both are Egyptian 

governorates). Luxor is at the upstream of the Nile River in 

Egypt; whereas Alexandria is at the downstream of the Nile 

River in Egypt. The simulation was done over 13 long years 

and the two months on which the study focused were February 

(lowest discharge of the Nile in Egypt) and August (highest 

discharge of the Nile in Egypt). A mathematical mode was 

done on a spreadsheet to calculate the water temperature from 

air temperature and then calculating the critical DO 

concentrations as a result of the water temperatures. 

It could be concluded that global warming has a negative 

effect on the critical DO concentrations in the River Nile. A 

decrease in the critical DO concentrations was found with a 

percentage of 1.4% to 5.4% comparing the critical DO at the 

lowest and highest water temperatures throughout the 13 

simulated years. So at Luxor the concentrations decreased in 

February by 3.8% and in August by 4.0%; whereas at 

Alexandria it decreased in February by 1.4% and in August by 

5.4%. This decrease in critical DO concentrations is going to 

shift all values of DO concentration sag curve and thus the 

time needed for DO recovery in rivers is going to increase 

which will make the water quality of a bad condition for 

prolonged periods of time and hence negatively affect the 

fauna and flora in rivers and also it will affect the waste 

allocation management plan on that river. 

It is observed that the percentage decrease is higher in 

August than in February. This is so because the critical Do 

concentration in the denominator over which we divide the % 

decrease equation is less in August than in February (this is 

because August is hotter than February) and thus the % 

decrease  is higher in the summer (August ) than the winter. 

It is also observed that the air temperature raised about 2 

degrees over the 13 years ; for Alexandria it was in year 1990 

29 degree C and in 2012 31 degree C; whereas for Luxor it 

was in year 1990 39 degree C and in 2012 41 degree C [5] . 

Also it could be observed that the water temperature increased 

for Luxor from year 1990 to 2012 2 degrees C; whereas, in 

Alexandria it increased from 1 to 4 degrees (depending on the 

summer or winter).  

In light of the previous discussion it could be concluded that 

global warming has a negative effect on DO concentrations in 

general and critical DO concentrations in particular in Rivers. 

This is important to know because in the future this will cause 

a threat because the air and hence the water temperatures are 

going to continue rising and thus the DO concentrations in 

rivers will continue decreasing. This decrease in DO 

concentrations as well as the raise in water temperature will 

negatively affect the fauna and flora in water and some species 

of them could be endangered or more seriously could vanish 

which in turn will affect the ecosystem. 
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