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Abstract: Probability analysis provides a sound basis for choosing a course of action against the 
uncertainties involved in the geotechnical exploration. The modern probabilistic techniques have been 
successfully applied to classical geotechnical engineering problems such as seepage, settlement, 
bearing capacity, slope stability in the past throughout the world. This research is more specific 
towards the application of probabilistic analysis concept in the design and construction of deep 
excavation, which have emerged as a new trend used in the construction of high-rise buildings in the 
urban areas of Pakistan specifically. In this research paper, the design and construction data of deep 
excavation from running construction projects was collected and probabilistic method of analysis was 
applied for the evaluation of risks, uncertainties, probabilities and cost impacts. From the finding of the 
results, It is observed that if excessive unplanned risks are taken in design of deep excavations than its 
cost impact during construction become very high. However if controlled risks are taken in deep 
excavation construction than that can help in the cost reduction of the project. 
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INTRODUCTION 
 
Probabilistic analysis is used globally to evaluate 
the impact of uncertainties and risks taken 
during the projects execution on its associated 
activities. Probability theories provide a formal 
basis for quantifying risks and uncertainties 
which must not be dealt by engineering 
judgment (qualitatively).  

Soils and rocks are among the most variable 
of all engineering materials and as such are 
highly amendable to a probabilistic treatment 
[1]. Risks and uncertainties in the determination 
of the in situ geotechnical profiles and material 
parameters for individual soil layers are one of 
the most significant problems geotechnical 
engineering professionals have to cope with. It is 
important to realize that different sources of 
uncertainty exist, material parameters varying in 
a certain but known range may be one of them 
but simply the lack of knowledge may be the 
more pronounced one [2].  

Risk and reliability analysis is an area of 
growing importance in geotechnical engineering, 
where many variables have to be considered. 

Statistics, reliability modeling and engineering 
judgment are employed together to develop risk 
and decision analyses for civil engineering 
systems. The resulting engineering models are 
used to make probabilistic predictions, which are 
applied to geotechnical problems [3]. A formal 
procedure of geotechnical data evaluation and 
analysis by mathematical calculations, numeric 
or computational modeling of all aspects of risks 
and uncertainties is not a straightforward task. 
That is why, in common geotechnical 
engineering practice engineering judgment is 
pronounced.  

Recent theoretical developments and 
advances [4-16] in probabilistic analysis 
application techniques and computational 
modeling allow geotechnical engineers for a 
more recognized consideration of risks and 
uncertainties during design and construction. 
However, it could not replace the role of 
engineering judgment in the practice of 
geotechnical engineering.  

The horizontal trend of urban development 
has been the popular expansion mode in Lahore 
(23rd largest city of world; 2nd largest city of 

−−−−−−−−−−−−−−−−−−− 
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Pakistan with a population of over 10 millions 
and an extended area of 2,491 km) until year 
2005. After year 2005 with rapid growth in the 
economy, real estate becomes one of the most 
prime areas of investment in Lahore. The rapid 
shoot in the land prices diverts the direction of 
the government and private developers towards 
the vertical urban development thus necessitate 
the deep excavation [17]. Even until recent times 
the deep excavation and shoring system 
adaptation in the industry has been facing 
numerous challenges and uncertainties. As a 
result of these uncertainties recent design and 
construction failures have been observed [18]. In 

this research an attempt was made to address 
these challenges and uncertainties by developing 
an analysis of deep excavation design and 
construction based on the probabilistic 
techniques. The deep excavation design and 
construction related technical and financial data 
in Lahore from the twenty projects (Table 1) 
year wise was collected and used for our 
analysis. Table 1 is showing the list of deep 
excavation projects in Lahore, Pakistan. Tables 
1a & 1b are showing the major causes of failure 
in design and construction of these deep 
excavation projects.  

 

Table 1. The list of deep excavation projects in Lahore. 
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− 
Year  Design Failure  Construction Failure Successful  
 Projects  Projects Projects 
−−−− −−−−−−−−−−−− −−−−−−−−−−−−−−−−−−−−−−−−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− 
2006 Pace Alfalah Tower City Tower MCB Tower Tricon Corporate Center 

2007 Ahad Center Alamgir Tower China Center Liberty Trade Center IT Tower 

2008 Pace Hayat Boulevard Heights Warid Office Mubarak Center Sherpao Plaza 

2009 Haly Tower DHA Mall 1 DHA Mall 2 Fortress Tower Lahore City Center 
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− 
 
 
Table 1(a). Major causes of failure in design projects. 
Year Projects Type of 

failure 
Major causes of failure Remarks 

2006 Alfalah 
Tower 

Design 
failure 

Inadequate interval between bracing beams, inaccurate bonded and 
unbonded lengths. Inadequate diameter of anchor piles and 
undersize reinforcement bars in anchor piles. 

Project 
abandoned 

2006 Tricon 
Corporate 
Center 

Design 
failure 

In adequate geotechnical investigation parameters. Insufficient 
geotechnical profiling of the adjacent high rise building. In 
accurate alignment of the anchor piles and multi level tier system. 

Project under 
construction  

2007 Alamgir 
Tower 

Design 
failure 

Inadequate spacing between piles, bracing beams. Insufficient 
grouting in the bonded length of the anchorage system. In 
appropriate exaction and non exaction lengths of the system  

Project 
abandoned 

 
 
Table 1(b). Major causes of failure in construction project. 
Year Projects Type of 

failure 
Major causes of failure Remarks 

2007 China 
Center 

Construction 
failure 

The deep excavation carried out with out the installation of 
anchors and multilevel tier system only top tie up beam 
provided. Inappropriate implementation of HSE and QA/QC 
systems.   

Project under 
construction  

2007 Liberty 
Trade 
Center 

Construction 
failure 

The deep excavation carried out with out the installation of 
anchors, multilevel tiers and top tie up beam. Inappropriate 
implementation of HSE and QA/QC systems. 

Project under 
construction  

2007 Sherpao 
Plaza 

Construction 
failure 

The deep excavation carried out with out the top tie up beam. 
Inappropriate implementation of HSE and QA/QC systems.  

Project 
abandoned 
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The geotechnical investigation for the design 
of deep excavation and shoring in all above 
projects was based on field testing (SPT - ASTM 
D1586) and relevant laboratory testing (Natural 
Moisture Content Deteremination (ASTM 
D2216), sieve analysis test (ASTM D422), direct 

shear test (ASTM D3080), unconfined 
compression test (ASTM D2166), Atterberg 
limits test (ASTM D4318), etc).  

The design and construction failure 
photographs are shown in Fig. 1(a) & 1(b).  

 

 
 

Fig.1(a). Design failure sites. 
 

 
The major risks taken in the design and 

construction failure projects are shown in Table 
2.  

 
Application of Probability Theory for Deep 
Excavation 

Probability theory is based on engineering 
mathematics associated with random analysis of 
variables, processes and events. The human 
made activities involving quantitative analysis 
are largely dependent on the concepts of 
probability theory for its analysis. In 
geotechnical engineering we mainly encounter 
such random phenomena for which basic 

mathematical analysis is not enough to analyze 
the event or activity; this necessitates the 
application of probability theory in geotechnical 
engineering i.e. deep excavations.   

The deep excavation comprise of two events 
i.e. design and construction. The design event 
comprise of following processes i.e. 
geotechnical exploration, laboratory testing and 
report and geotechnical design. The construction 
event comprise of following processes i.e. 
anchor piles casting, level 1 excavation, level 1 
anchor beam casting and anchor installations, 
level 2 excavation, level 2 anchor beam casting 
and anchor installation, level 3 excavation.  
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Fig. 1(b). Construction failure sites. 
 
Table 2. Risks identified in the design and 
construction failure projects. 
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− 
Phase Risks Identified 
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− 
DESIGN Insufficient geotechnical exploration 
 Safety factors  in foundation design 
 Safety factors in bracing design 
 Insufficient technical staff employed 
 Bye laws violation 
 Credibility & commitment 
 Inexperience designer 

CONSTRUCTION Deep excavation with inappropriate 
or without anchor installation 

 Safety 
 Health  
 Environment 
 Loss prevention 
 Quality assurance and quality control 
 Inexperience contractor 
 Financial impacts 
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− 

The major variables associated in the design 
process include field testing (SPT), relevant 
laboratory testing (natural moisture content 
determination, sieve analysis, Atterberg limits, 
direct shear test, unconfined compression test 
etc). The major variables associated in 
construction process include marking and lay 
out, excavation manual or mechanical (type of 
excavator, size of bucket, wheel or chain type, 
boom length), disposal of excavated material 
(manual or mechanical (type of truck, capacity 
of truck, with or without jacking system, need 
for disposal), drilling for anchor piles (type of 
machine – straight or reverse rotary, control of 
caving, steel fixing for reinforcement cage, 
lowering of cage through crane, concreting – 
through conventional mixer or batching plant, 
casting of concrete through conventional trimmy 
or concrete pump, anchor beams, steel fixing, 
shuttering and casting, type and size of anchor, 
bonded and unbonded anchor length, type of 
chemical for bonding). 
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The data of success or failure in the projects 
was collected from client organizations with 
consent of design consultants purely for research 
and analysis purpose. The yearly rate of success, 
design failure and construction failure is 
represented by figure above. The trend shows 
that initially the design and construction failure 
projects rate was high which decreased gradually 
with the passage of time. The rate of success of 
design and construction was low initially but it 
also gradually improved. 

The deep excavation as event (E) can happen 
in “h” (way of success or failure of event) ways 
out of a total of “n” (possibly equally likely 
ways of event). In the analysis deep excavation 
design and construction was taken as two 
independent events (E* & E^) in each project. 
The design and construction nomenclature are 
with superscript of * and ^ respectively.   

The probability of occurrence of success and 
failure in various design events are shown in 
Table 3(a), 3(b) and 3(c). 
 

Table 3(a). The success and failure probability 
in geotechnical exploration (SPT, drilling of 
bore holes, collection of UDS, etc). 

Year E* h* n* p* q* p*+q* 

2006 5 2 4 0.5 0.5 1 

2007 5 2 2.86 0.7 0.3 1 

2008 5 2 2.5 0.8 0.2 1 

2009 5 2 2 1 0 1 

 
Table 3(b). The success and failure 
probability in laboratory testing (NMC, 
UCCT, Sieve Analysis, Atterberg’s Limits, 
Direct Shear Test, etc). 

Year E* h* n* p* q* p*+q* 

2006 5 2 3.33 0.6 0.4 1 

2007 5 2 2.86 0.7 0.3 1 

2008 5 2 2.5 0.8 0.2 1 

2009 5 2 2 1 0 1 

 

Table 3(c). The success and failure 
probability in reporting (report writing, 
geotechnical design, FOS, etc).  

Year E* h* n* p* q* p*+q* 

2006 5 2 2.86 0.7 0.3 1 

2007 5 2 2.5 0.8 0.2 1 

2008 5 2 2.5 0.8 0.2 1 

2009 5 2 2 1 0 1 
 

The success and failure probability in 
various construction events are shown in 
Table 4(a), 4(b) and 4(c). 
 
Table 4(a). The success and failure 
probability in anchor piles casting. 

Year E^ h^ n^ p^ q^ p^+q^ 

2006 5 2 4 0.5 0.5 1 

2007 5 2 4 0.5 0.5 1 

2008 5 2 3.33 0.6 0.4 1 

2009 5 2 2.5 0.8 0.2 1 

Table 4(b). The success and failure 
probability in excavation. 

Year E^ h^ n^ p^ q^ p^+q^ 

2006 5 2 4 0.5 0.5 1 

2007 5 2 4 0.5 0.5 1 

2008 5 2 3.33 0.6 0.4 1 

2009 5 2 2.5 0.8 0.2 1 

 
Table 4(c). The success and failure 
probability in anchor installation. 

Year E^ h^ n^ p^ q^ p^+q^ 

2006 5 2 4 0.5 0.5 1 

2007 5 2 2.86 0.7 0.3 1 

2008 5 2 2.86 0.7 0.3 1 

2009 5 2 2.22 0.9 0.1 1 

 
where, 

p = Pr {E} = h/n   1 
q = 1- Pr {E}   2 
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p, q are the success and or failure variables 
of deep excavation design (SPT, various 
laboratories testing etc) and or construction 
(drilling, anchoring, shoring, deep 
excavation etc).   

These variables are discrete in nature and 
are based on various uncertainties and risks 
discussed above. The deep excavation 

design and construction events are 
dependent on each other. Thus using the 
concept of empirical probability, conditional 
probability of dependent events and 
mutually exclusiveness of the events are 
evaluated as shown in Table 5 and Table 6 
below. 

 
Table 5. Conditional probability and mutually exclusiveness of dependent events in the 
design of deep excavations. 

Year E* Pr . E* Pr . F* Pr . F*/E* Pr . E*- F* Pr . E* . Pr . 
F*/E* 

Pr . F* . Pr . 
F*/E* 

Pr . E*+F* 

2006 15 0.60 0.40 0.67 0.20 0.400 0.267 1.00 

2007 15 0.73 0.27 0.36 0.47 0.267 0.097 1.00 

2008 15 0.8 0.2 0.25 0.6 0.200 0.050 1.00 

2009 15 1 0 0 1 0 0 1.00 

 

Table 6. Conditional probability and mutually exclusiveness of the dependent events in the 
construction of deep excavation. 

Year E* Pr . E* Pr . F* Pr . F*/E* Pr . E*- F* Pr . E* . Pr . 
F*/E* 

Pr . F* . Pr . 
F*/E* 

Pr . E*+F* 

2006 15 0.50 0.50 1.00 0.00 0.500 0.500 1.00 

2007 15 0.57 0.43 0.76 0.13 0.433 0.331 1.00 

2008 15 0.63 0.37 0.58 0.27 0.367 0.212 1.00 
2009 15 0.83 0.17 0.20 0.67 0.167 0.033 1.00 

 

RESULTS 
 
The analysis results reflect that the success 
in design and construction is showing the 
invert trend in comparison with failure in 
design and construction over the passage of 
time. The trend of the design and 
construction success of deep excavation is 
increasingly improved in Lahore. 
Meanwhile, the trend of the design and 
construction failure of deep excavation is 

decreased as shown in Fig. 2(a) and Fig. 
2(b).  

The analysis results also reflect the 
improvement trend in the probability of design 
and construction success of deep excavation 
practice in Lahore. The increasing difference in 
the dependency of mutual exclusiveness of the 
deep excavation events on conditional 
probability is also recognized as shown in Fig. 3 
and Fig. 4.  
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Fig. 2(a). Overall probability of success and failure for projects in Lahore. 
 

 

Fig. 2(b). Design/construction success/failure cumulative probability. 
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Fig. 3. Design conditional probability along with events mutual exclusiveness. 
 
 

 

 
 

Fig. 4. Construction conditional probability along with events mutual exclusiveness. 
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Fig. 5. Comparison of the design and construction cost of the design failure project before 
and after failure (Source: Project Tender Documents). 

 

 
Fig. 6. Comparison of the design and construction cost of the construction failure project 
before and after failure (Source: Project Tender Documents). 
 

Based on the probability analysis the impact 
of the uncertainties and risks on the projects are 
established. This is presented through a cost 
comparison established between the actual cost 
of the design and construction project with the 
cost after failure of the design and construction 
projects as shown in Fig. 5 & 6.  

CONCLUSIONS 
 
The faults observed in huge deep excavation 
design and construction projects must be 
carefully analyzed for the benefit of the 
researchers and engineers, including those 
responsible for the success/failure so that these 
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defects are taken care of in all ongoing and 
future similar design and construction projects. 
The major conclusions based on this research 
are: 

• The historic or surrounding geotechnical data 
can only be used as reference during 
feasibility, however before detailed design 
independent geotechnical investigation 
should be carried out for the deep excavation 
project. 

• The projects where the reliability in the 
performance and implementation of 
conventional geotechnical field investigation 
and laboratory testing is inappropriate, in 
such cases the modern field exploration 
techniques (curtailing the frequency of 
laboratory testing) i.e flat rigid piston 
dilatometer(ANDMT), cone penetration test 
(CPT) or pressuremeter test may be 
employed.  

• The geotechnical design, construction and 
supervision enterprises previous work 
experience of similar deep excavation 
projects should be carefully considered in its 
selection. 

• The organizational structure and project 
control during the construction is required to 
delegate the authority and assess the variation 
in deep excavation project scope, schedule 
and budget. 

• The presence and importance of professional 
geotechnical engineer in foundation 
engineering, anchor system, tieback, lagging, 
deep excavation, geotechnical investigation 
should not be over ruled. 

• The building approval authority should not 
allow any deep excavation construction until 
the design of deep excavation is prepared and 
vetted by a professional geotechnical 
engineer.  

• Risks in geotechnical design and construction 
at the cost of economy should be curtailed. 

• Economy at the cost of quality should not be 
the ideology in certain functional disciplines 
of deep excavation projects, i.e., 
geotechnical; however, it can be achieved in 
other allied disciplines e.g., architectural. 
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Abstract: Dehydrogenation of methylcyclohexane is studied over commercial 0.3 wt% Pt/Al2O3 catalyst. 
The effect of catalyst particle size, space velocity, temperature, and partial pressure of hydrogen was studied. 
It was observed that the dehydrogenation reaction is a strong function of the ratio of reactor internal diameter 
to catalyst particle size, temperature, and feed composition. The experimental data obtained was kinetically 
analyzed and first order power law model considering reversible reaction was found appropriate. The 
apparent activation energy of the catalyst was 100.6 kJ/mol. 

 
INTRODUCTION 
 
The three most important reasons for studying 
the dehydrogenation reaction are: a) exploiting 
methylcyclohexane (MCH) as a fuel; b) 
investigating the MCH dehydrogenation model 
reforming reaction; and c) the potential of MCH 
as a hydrogen energy storage material [1]. As a 
hydrogen storage energy material, MCH is 
exploited in the MTH (methylcyclohexane-
toluene-hydrogen)-system [2-7]. The MTH-
system is a safe and efficient means of storage 
and “on-board” hydrogen generation. The 
dehydrogenation reactor installed within the 
vehicle itself produces hydrogen (see Eq. 1), 
which can either be used in a spark-ignition 
engine or in a fuel cell stack. The products of 
dehydrogenation reaction are cooled and toluene 
is condensed and separated in situ. At the filling 
station, toluene is pumped out while 
methylcyclohexane is pumped into the vehicle. 
Toluene is transported to the hydrogenation 
plant where it is hydrogenated back to 
methylcyclohexane (Eq. 2). Hydrogen required 
for the hydrogenation is produced from a 
sustainable energy source, such as solar, wind, 
wave, or even nuclear power. The heart of the 
MTH-system is the dehydrogenation reaction. 
An efficient dehydrogenation catalyst is required 
that is highly active, highly selective towards 
toluene, and stable over an extended period of 
time. Established commercial catalyst is ideally 
suited and can be readily incorporated to obtain 
reaction data for design and development of 
practical reactors. This approach saves time, 

effort, and cost associated with the development 
of a new catalyst. In the literature, there is a 
massive controversy among researchers over the 
kinetics of the dehydrogenation reaction. A wide 
range of apparent activation energy values are 
reported, ranging from 17.6 kJ/mol [8] to 220.7 
kJ/mol [9]. Therefore, it was thought worthwhile 
to test a commercial catalyst and to study the 
kinetics of the reaction. In this study, a 
commercial dehydrogenation catalyst was 
studied for methylcyclohexane dehydrogenation. 
The dehydrogenation reaction was studied for 
varying particle size and space times at different 
temperatures both with and without hydrogen 
addition in the feed. The data so obtained was 
analyzed numerically and a kinetic model is 
proposed for the catalytic reaction following the 
reaction sequence:   

Forward Reaction:  

 
Reverse Reaction:   

  
 
MATERIALS AND METHODS 
 
The experimental setup, shown in Fig. 1, mainly 
consisted of a 11.2 mm I.D. glass fixed bed 
tubular reactor, a three zone furnace to maintain 
uniform reactor wall temperature, cooler-
condenser operated on glycol refrigeration 
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system, an HPLC feed pump and instruments to 
measure and control the required process 
variables. Specifications of the reactor assembly 
are given in Table 1. The catalyst employed was 
commercial 0.3 wt% Pt/Al2O3. This was the only 
information provided by the supplier and no 
further attempt was made to characterize the 
catalyst. However, visual inspection of the 
catalyst cross-section reveals that the catalyst is 
an “egg-shell” type. As received, the catalyst 
was spherical shaped 1.5 to 2.0 mm (1.75 mm 
average) diameter. The catalyst was used as 
supplied in a spherical form, catalyst was halved 
and cut to quarter portions of the original 
catalyst size. Experiments were performed for 
three different reactor internal diameters to 
catalyst particle ratios (24.0, 36.0, and 72.0). 
Internal diameter of the reactor is the equivalent 
diameter of the annular region between the 
reactor tube and thermowell, while catalyst 
particle size is the nominal particle size, dvs, 
defined as the volume to surface diameter of the 

particle, which for spherical particle of 1.75 mm 
diameter, as received, was calculated as 0.30 
mm, for halves as 0.20 mm, and for quarters as 
0.10 mm.  

For each run 2.0 g of the catalyst was used. 
Calcination and reduction of the catalyst were 
done in situ. Reduction step was performed for 
all three catalyst forms; however, calcination 
was performed only for the spherical form. The 
calcination was conducted at 500 °C under air 
flow of 100 ml/min for 5 h, while reduction was 
done under 100 ml/min hydrogen flow at 450 °C 
for 16 h. The reactor wall temperatures were 
maintained at 380 and 430 °C, H2/MCH ratios 
were 0 and 8.4 and molal space velocity was in 
the range of 3.09×104 to 2.46×105 s⋅g-cat/mol 
MCH. All experiments were performed under 
atmospheric pressure. MCH was obtained from 
Sigma-Aldrich with purity of 99.0 wt%. 
Hydrogen gas was taken from BOC with purity 
greater than 99.995 mol%. Reaction products 
were analyzed by GC-FID system containing 
non-polar capillary column (BP-5: 5% phenyl 
and 95% dimethylpolysiloxane).  

 

RESULTS AND DISCUSSION 
 
Catalytic Experiments  

Fig. 2 shows the effect of the ratio of the reactor 
internal diameter to nominal catalyst particle 
size on the conversion of methylcyclohexane. 
The nominal particle size as defined earlier is the 
volume to surface diameter of the particle. It is 
shown that under all three ratios, conversion 
increases with an increase in W/FA0. The 
conversion of MCH increases dramatically when 
the catalyst is halved. For example, the 

 
Fig. 1. Experimental setup for studying the
dehydrogenation reaction of methylcyclohexane.

Table 1. Specifications of the reactor assembly. 

Description Specification 

Length of the reactor tube 600 mm 

O.D. of the reactor tube 15.1 mm 

I.D. of the reactor tube 11.2 mm 

Length of the thermowell 550 mm 

Thermowell external diameter 4 mm 

Thermowell internal diameter 2 mm 

Recommended operating temperature 550°C 

Maximum working pressure 1.013 bar Fig. 2. Effect of particle size on
methylcyclohexane conversion. 
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conversion increases more than two folds from 
8.0% to 19.1% for the highest W/FA0 at 380 °C 
wall temperature and 8.4 H2 to MCH ratio. 
However, decreasing the catalyst particle from 
half (dvs = 0.20 mm) to quarter (dvs = 0.10 mm) 
gives virtually no difference. Overall 
methylcyclohexane was only fairly 
dehydrogenated at the wall temperature of 
380 °C in the presence of hydrogen using 
H2/MCH molar ratio of 8.4. The maximum 
conversion was only 20.1% even at the highest 
W/FA0 ratio used which was 1.24 × 105 s.g-
cat/mol MCH in the present case. An enhanced 
methylcyclohexane conversion with decrease in 
catalyst particle size may be explained on the 
basis of channeling phenomenon. With large 
particles, the bed voidage was too large 
especially near the wall of the reactor. This 
caused poor contact of gaseous MCH and the 
catalyst particles. A decrease in the particle size, 
however, improved the contact and hence the 
conversion. It is important to mention here that 
diffusion was not the reason because the catalyst 
was an egg-shell type. As further decrease in the 
size beyond dvs = 0.20 mm had virtually no 
beneficial effects; therefore, the remaining 
experiments were performed on the halved 
particles (dvs = 0.20 mm). This might be because 
voidage beyond this value was not appreciably 
influencing the flow patterns.  

Fig. 3 compares the results with and without 
hydrogen in the feed. It is observed that 
methylcyclohexane conversion is a strong 
function of hydrogen addition and decreases 
strongly when hydrogen is in the feed. Hydrogen 
is a reaction product; therefore, the presence of 
hydrogen in feed was expected to decrease the 
dehydrogenation rates. Moreover, in the catalytic 

reaction, hydrogen may compete for the active 
sites and can provide product inhibition. Again 
at highest W/FA0, conversion increases more than 
twice when there is no hydrogen in the feed. It 
was observed that the conversion could reach up 
to 21.4% and 49.0%, respectively, for the lowest 
and highest values of W/FA0 used.  

Fig. 4 shows the effect of reactor wall 
temperature on MCH conversion without 
hydrogen in the feed. At the wall temperature of 
430°C, substantial improvement in conversion is 
observed as expected. At that temperature, 
97.5% methylcyclohexane was dehydrogenated 
at 2.46×105 s⋅g-cat/mol MCH. Under all 
conditions of temperatures, with and without 
hydrogen, the catalyst proved to be very 
selective towards toluene and no appreciable 
byproducts were observed.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Kinetic Modeling 

The experimental data obtained over 0.30 wt% 
Pt/Al2O3 catalyst was subjected to kinetic 
analysis. The fixed bed reactor was assumed to 
follow one dimensional plug flow reactor and 
the following expression was used to model the 
reaction kinetics. 

∫ −
=

AX

A

A

A r
dX

F
W

00 )(
 (3) 

The rate of reaction, )( Ar− , is expressed in 
terms of the partial pressures of reacting species 
via the first order power law kinetics: 
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)(  (4) Fig. 3. Effect of hydrogen presence in the feed
(feed composition) on methylcyclohexane. 

Fig. 4. Effect of reactor wall temperature on
methylcyclohexane conversion. 
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where, K is equilibrium constant for 
methylcyclohexane dehydrogenation and is 
given by [10]:  

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
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⎜
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−
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11217650exp3600

TR
K  (5) 

with K in bar3, R in J·mol−1·K−1, and T in K.  

The rate constant k is assumed to follow the 
Arrhenius temperature dependency and may be 
written as: 
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Eq. 6 is reparameterized, as follows, in terms of 
kr (k at the reference temperature, Tr), to reduce 
the correlation among the parameters and to 
converge the solution more rapidly. 
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where, B is dimensionless activation energy and 
is given by: 

rTR
EB
⋅

=   (8) 

and rT  is the reference temperature which is 
taken as 661.8 K.  

The regression of the kinetic data was carried 
out using FORTRAN routine based on 
Marquardt algorithm; and sum of squares of the 
errors (objective function) was minimized. 

Details of the above equations and the 
regression analysis may be found in Usman [7]. 

Fig. 5 is the scatter diagram relating observed 
conversion and model conversion. Most of the 
data were observed to be fitted within ±15% 
error and showed an overall good fit to the first 
order reversible kinetics. Apparent activation 
energy was calculated as 100.6 kJ/mol and rk as 
1.65 × 10−5 mol⋅s−1⋅g-cat−1⋅Pa−1.Touzani et al. 
[11], Van Trimpont et al. [12], Rimensberger [13] 
and Manser Sonderer [14] by studying the 
dehydrogenation reaction over Pt containing 
alumina catalysts also found values close to the 
above activation value.    

 
CONCLUSIONS 
 
The dehydrogenation reaction was strongly 
affected by catalyst particle size, temperature 
and feed composition. MCH conversion reached 
97.5% in the absence of hydrogen at 430 °C wall 
temperature and a space velocity of 2.46×105 
s⋅g-cat/mol MCH. First order reversible kinetics 
was found appropriate to fit the experimental 
data. Apparent activation energy was 100.6 
kJ/mol.  
 
NOMENCLATURE 
 
B  dimensionless activation energy 

vsd  volume to surface diameter, m 

0AF  initial molar flowrate of 
methylcyclohexane (MCH), mol/s 

o
rxnhΔ  standard heat of reaction, J/mol 

k  rate or velocity constant, mol⋅s−1⋅kg-
cat−1⋅Pa−1 

rk  rate constant at reference temperature, 
mol⋅s−1⋅kg-cat−1⋅Pa−1 

0k  frequency factor, mol⋅s−1⋅kg-cat−1⋅Pa−1 
K  dehydrogenation reaction equilibrium 

constant, Pa3 
Ap  partial pressure of methylcyclohexane, 

Pa 
Bp  partial pressure of toluene, Pa 

Cp  partial pressure of hydrogen, Pa 
)( Ar−  rate of the dehydrogenation reaction, 

mol⋅s−1⋅kg-cat−1 
R   universal gas constant, 

m3⋅Pa⋅K−1⋅mol−1 
T  average temperature, K 

rT  reference temperature, K Fig. 5. Scatter diagram between observed
conversion and model or calculated conversion. 
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W  weight of the catalyst, kg 
AX  fractional conversion of 

methylcyclohexane to toluene 
obsAX ,  observed fractional conversion 

modA,X  model or calculated fractional 
conversion 
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Abstract: The snowcover and glaciers of Hindu Kush–Himalayan (HKH) region are one of the largest 
repositories of inland cryosphere outside Polar Regions and obviously the lifeline for the people of 
sub-continent. However, reliable estimates of the snow area extent and snowmelt runoff have been 
lacking in this largely inaccessible and data sparse region. This is particularly important in view of the 
climate change impacts on hydrological resources of the region. Present study utilized GIS, RS and 
hydrological modeling techniques to estimate spatial and temporal distribution of snowcover; 
quantified snowmelt and rainfall runoff components; and developed prediction models for snowmelt 
and river discharges. The results revealed that Swat River Basin of Pakistan is predominantly snow-
fed, as the annual snowmelt runoff contribution to the total runoff may range 65–75 %. A significant 
effect of snowcover variation was observed on river discharge and snowmelt runoff. Snowcover and 
associated snowmelt runoff remain highly variable throughout the calendar year. Snowfall usually 
starts abruptly in September and October months but the following four main winter months (i.e., 
November–February) generally bring in most of the snowfall. Snowcover increases from less than 2 % 
of the Basin area in August, only at higher altitudes, to about 64 % by the end of January or early 
February. Snowmelt generally continues throughout the year but contribution of winter snowmelt 
runoff is generally very low. Unlike snowfall, snowmelt runoff usually progresses gradually and 
smoothly and is more predictable. The summer snowmelt normally gets momentum in March and 
increases from around 30–60 m3/sec to 400-760 m3/sec in late June or early July.  Thereafter, it 
declines gradually, reducing to 30-50 m3/sec in December. The December–February runoff normally 
remains the same.  

Keywords: Snowcover, snowmelt, runoff, hydrological modeling, GIS, RS 
 

INTRODUCTION 
 
Snow and glaciers are the frozen reservoirs of 
fresh water and cover a significant part of many 
mountain chains on the globe. In Pakistan about 
5218 glaciers covering an area of 15,040 sq km 
were identified in the ten sub-basins of Indus 
River System [1]. These glaciers constitute 11.7 
% of the total area of these basins and are an 
important source of fresh water in Pakistan as 50 
– 85 % of the country’s total flows come from 
melting snows and glaciers of the this region [1, 
2, 3]. The major tributaries of the Indus River 
originate from the Hindu Kush-Himalayan 
(HKH) region and have their upper catchments 
in the high mountain snow covered areas and 

flow through steep mountainous slopes. The 
planning of new projects on HKH rivers in 
Pakistan emphasizes the need for reliable 
estimates of the snow extent and glacier runoff 
because it provides a more dependable and 
perennial flow. Despite their well recognized 
importance and potential, little attempts have 
been made to assess in detail the contributions of 
snowmelt runoff in these rivers.  

No detailed investigation of snow and ice 
processes or their relevance to climate has taken 
place in most areas of the Himalayan and other 
high ranges.  Baseline studies are lacking for 
most areas, particularly for those higher than 
4,000 masl, and there has been little long-term 
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monitoring of climatic variables, perennial snow 
and ice, runoff and hydrology in the extremely 
heterogeneity of mountain topography [4]. In the 
areas where bulk of the water originates, above 
3000 meters or so, there are no permanent 
observation stations. The main need is for the 
investigation of water resources at elevations 
between 3000 to 7000 meters. There is a dire 
need for cryosphere database development and 
to study the impact of climate change on the 
cryosphere. Remote sensing techniques are the 
only way to analyze glaciers in remote 
mountains and they are certainly the only way to 
monitor a large number of glaciers 
simultaneously.  

Recent advances in GIS, remote sensing and 
hydrological modeling techniques allow their 
powerful integration. In the field of snowmelt 
runoff modeling, such integration provides 
valuable basis for better understanding of snow 
accumulation and snowmelt runoff processes 
within the catchments, as well as for 
incorporating the spatial variability of 
hydrological and geographical variables and 
their impacts on catchment responses [5].  

Rango et al. [6] employed snow-covered 
area data obtained from meteorological satellites 
over remote regions of Pakistan and concluded 
that it can be scientifically related to seasonal 
stream flow in regression analysis for the Indus 
River above Besham and Kabul River above 
Nowshera in Pakistan [6]. Combining the remote 
sensing derived snow and ice cover maps with a 
hydrologic runoff model the daily runoff can be 
calculated [7, 8]. Snow and icemelt are 
important contributors to the total yearly runoff 
volume in high alpine basins. Schaper and 
Seidel [9] carried out runoff simulations for 
snow and icemelt for the basins of Rhine-
Felsberg, Rhône-Sion and Ticino-Bellinzona. 
This study provides a method to calculate runoff 
from snow- and icemelt using meteorological 
data and remote sensing derived snow and ice 
cover maps.   

The Snowmelt Runoff Model (SRM) is one 
of a very few models in the world today that 
requires remote sensing derived snow cover as 
model input. Owing to its simple data 
requirements and use of remote sensing to 
provide snow cover information, SRM is ideal 
for use in data sparse regions, particularly in 
remote and inaccessible high mountain 
watersheds [10].  

Runoff computations by SRM appear to be 
relatively easily understood. To date the model 
has been applied by various agencies, institutes 
and universities in over 100 basins, situated in 29 
different countries. More than 80% of these 
applications have been performed by 
independent users, as is evident from 80 
references to pertinent publications. SRM also 
successfully underwent tests by the World 
Meteorological Organization with regard to 
runoff simulations [11] and to partially simulated 
conditions of real time runoff forecasts [12]. 

Seidel et al. [13] successfully simulated the 
runoff in the large Himalayan Basin, e.g. Ganges 
and Brahmaputra basins, by applying SRM [13]. 
SRM performs well in the Gongnaisi River basin 
and results also show that SRM can be a suitable 
snowmelt runoff model capable of being applied 
in the western Tianshan Mountains [10]. Emre et 
al. [14] applied SRM in upper Euphrates River 
using MODIS-8 daily snow cover products for 
2002-04. The initial results of their modeling 
process show that MODIS snow-covered area 
product can be used for simulation and also for 
forecasting of snowmelt runoff in basins of 
Turkey. The SRM application in Kuban river 
basin using MOD10A2 eight-day composite 
snow cover data enabled the investigator to 
conclude that the model can be used for short-
term runoff forecasts in the mountain and 
foothill areas of the Krasnodar reservoir basin 
[15]. 

Climate change is likely to affect basin’s 
water resources so there is a need to monitor and 
estimate the fresh water resource base 
(snowcover) and assess the impacts of its 
variation on net water availability. Present study 
has been conducted in Swat River Basin which is 
snowfed and source of fresh water especially in 
summer season. The specific objectives of this 
research study are: 

• Estimation of spatial and temporal 
distribution of snowcover through satellite 
remote sensing; 

• Estimation and quantification of snowmelt 
and rainfall runoff components through 
hydrological modeling; and 

• Development of snowmelt runoff prediction 
models. 
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Characteristics of the Study Area 

The study was undertaken in the catchment area 
of Swat River upstream of Chakdara gauge. The 
study area is located between the latitude and 
longitude range of 34.57 to 35.9 and 71.9 to 72.8 
decimal degrees respectively covering an area of 
5713.4 km2. Its northern part has high 
mountainous of rugged terrain with elevation 
range of 2000–5808 m a.s.l., whereas the 
southern part is relatively flat with elevation 
range of 686–2000 m a.s.l. having some crop 
fields on either side of the river as shown in Fig. 
1. 
 
 

 
Fig. 1. True color LANDSAT image of the 
study area . 
 
 

Based on the historic as well as prevailing 
climatic conditions, the study area can be 
divided into two parts. The upper north-eastern 
part – Kalam and surrounding areas – comprises 
very rugged mountain topography and may 
reach a maximum temperature of 37 oC in June 
at Kalam to as low as –18.2 oC in January at 
Shandur. The lower south-eastern part near 
Saidu Sharif and Chakdara is relatively flat, 
having considerably higher temperatures ranging 
from -2 oC in January to as high as 45 oC in 
June. Similarly, the precipitation pattern in the 
lower south-western part is influenced by the 
summer monsoon rainfall. The upper north-
eastern part on the other hand is dominated by 
the winter rainfall mainly received from the 
Western Disturbances, which come from the 
Mediterranean Sea after passing through Iran 
and Afghanistan enter Pakistan in December and 
continue till early April. The northern highlands 
receive most of winter precipitation in the form 
of snow 1 km at nadir. The 1st two bands were 
imaged at a nominal resolution of 250 m at 

nadir, next five bands at 500 m, and the 
remaining 29 bands at 1 km. The MODIS snow 
products use only the 1st seven and last two 
bands between 0.405 and 14.385 µm for 
different uses.  Its spatial resolution varies with 
spectral band, and ranges from 250 m to 
instrument acquires images in 36 spectral. 

 
METHODOLOGY 

The methodology employed to accomplish this 
study is summarized in the flow chart shown in 
Fig. 2. The important steps are described in the 
following paragraphs. 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Flow diagram of the methodological 
approach. 

Snowcover Estimation 

The snowcover was estimated using the 
Snowcover products of MODIS (Moderate 
Resolution Imaging Spectroradiometer) 
instrument onboard the Terra spacecraft 
launched on December 18, 1999 and the Aqua 
spacecraft, launched on May 4, 2002. Terra's 
orbit around the Earth is timed so that it passes 
from north to south across the equator in the 
morning, while Aqua passes south to north over 
the equator in the afternoon.  

The development of the MODIS snow 
mapping algorithm (snowmap) is chronicled in 
detail by [16–21].  The basic techniques used in 

Digital 
Elevation 

Model 

MODIS 
Snow Cover 

Imagery 

Daily 
Climatic  

Data 

Daily 
River 

Discharge 

Stream Network 
& Watershed 
Delineation 

Elevation Zones
Snowcover  

Distribution 

Model Input Parameters 

Parameter 
Adjustment 

OK

Model Simulations 

Snowmelt 
Runoff Model 

No 

Yes 

Rainfall Runoff Snowmelt Runoff 

Regression Models Regression Models 



Z.H. Dahri et al 22 

the snowmap algorithm are grouped-criteria 
incorporating the normalized difference between 
bands, threshold-based criteria tests, and 
decision rules [18]. The first test of snow 
detection uses the Normalized Difference Snow 
Index (NDSI) approach, which is an effective 
way to distinguish snow from many other 

surface features taking advantage of strong 
visible reflectance and strong short-wave IR 
absorbing characteristics of the snow pack. The 
NDSI is defined as: 

64
64

BandBand
BandBandNDSI

+
−

=  

Generally, snow is characterized by higher NDSI 
values than other surface types and pixels. A 
pixel is mapped as snow if the NDSI value is ≥ 
0.4 and the reflectance in MODIS band 2 is 
greater than 0.11. However, if the reflectance in 
MODIS band 4 is less than 0.10 then the pixel 
will not be mapped as snow even if the other 
criteria are met [18, 19]. This minimum 
reflectance test screens low reflectance surfaces, 
e.g. water that may have a high NDSI value from 
being erroneously detected as snow. However, in 
forest areas snow-covered pixels may have 
considerably lower NDSI values and to correctly 
classify these pixels as snow covered, NDSI and 
NDVI are used together to the pixels that have 
an NDSI value in the range of 0.1 to 0.4. The 
NDVI is calculated as: 
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Snow cover tends to lower the NDVI 
therefore pixels with NDVI value of ≈ 0.1 may 
be mapped as snow even if the NDSI < 0.4 [17]. 
Moreover, pixels with an absolute reflectance 
greater than 0.11 in MODIS band 2 & greater 
than 0.10 in MODIS band 1 are labeled as snow. 

Because of higher reflectance of clouds in 
near-infrared wavelengths the NDSI generally 
separates snow from most obscuring cumulus 
clouds, but it cannot always discriminate 
optically-thin cirrus clouds from snow. Instead, 
cloud discrimination is accomplished by using 
the MODIS cloud mask product, MOD35L2, 
[22, 23], which employs a series of visible and 
infrared threshold and consistency tests to 
specify confidence that an unobstructed view of 
the Earth’s surface is observed. An indication of 
shadows affecting the scene is also provided.  

Land and inland waters are masked with the 
1 km resolution land/water mask, contained in 
the MODIS geolocation product (MOD03). 
Thermal mask is used to improve the snow 
mapping accuracy and to eliminate the spurious 
snow especially in warm climates. Using 
MODIS infrared bands 31 (10.78–11.28 μm) and 
32 (11.77–12.27 μm), a split window technique 
[24] is used to estimate ground temperature [19]. 

If the temperature of a pixel is greater than 283 
0K then the pixel will not be mapped as snow 
[21]. 

Fractional snow cover is calculated using the 
regression equation of Salomonson and Appel 
[25], which is based on a statistical-linear 
relationship developed between the NDSI from 
MODIS and the true sub-pixel fraction of snow 
cover as determined using Landsat scenes from 
Alaska, Canada and Russia. The data inputs to 
the MODIS snowmap algorithm are summarized 
in Table 1. 

 

Table 1. MODIS data product inputs to the 
MODIS snowmap algorithm. 

Earth 
Science Data 
Type (ESDT) 

Long Name Data Used 

MOD02HKM MODIS Level 
1B Calibrated  
Geolocated 
Radiances  

Reflectance for 
MODIS bands: 
1  (0.645 μm) 
2  (0.865 μm) 
4  (0.555 μm) 
6  (1.640 μm) 

MOD021KM MODIS Level 
1B Calibrated & 
Geolocated 
Radiances 

31  (11.28 μm) 
32  (12.27 μm) 

MOD03  MODIS 
Geolocation 
 

Land/Water 
Mask 
Solar Zenith 
Angles 
Sensor Zenith 
Angles 
Latitude 
Longitude 

MOD35L2  MODIS Cloud 
Mask 

Cloud Mask 
Flag 
Unobstructed 
Field of 
View Flag 
Day/Night Flag 

Source: After [21] 

The accuracy of snowmap has been tested 
over a variety of surface covers relative to other 
derived snow cover maps. Under ideal 
conditions of illumination, clear skies and 
several centimeters of snow on a smooth surface 
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the snow algorithm is about 93-100% accurate at 
mapping snow [20]. Lower accuracy is found in 
forested areas and complex terrain and when 
snow is thin and ephemeral. Very high accuracy, 
over 99%, may be found in croplands and 
agricultural areas. 

Snow Melt Runoff Model 

The snowmelt runoff model (SRM), also known 
as “Martinec-Rungo Model” [26] is a semi-
distributed, deterministic and degree-day 
hydrological model especially designed to 
simulate and forecast daily stream flow 
inmountain basins where snowmelt is major 
runoff factor [27]. The model utilizes ambient 
air temperature values combined with a degree-
day coefficient in order to estimate the ablation 
factor of the snow cover and takes input of snow 
covered area and its variation along 
meteorological data.  The basin area is divided in 
to a suitable number of elevation zones (not 
exceeding 16) and various input parameters 
including basin characteristics, climatic 
variables, snow covered area, runoff co-
efficients, recession coefficients, etc are 
specified for each elevation zone. The model 
manages a physical database of both input and 
output for a given basin. Each simulation in the 
model is a unique entity operating on a 2– 366 
days. Different simulations can be sequenced for 
greater time periods. The SRM computes daily 
water produced from snowmelt and rainfall, 
superimposes it on the calculated recession flow 
and transforms it into daily discharge from the 
basin according to the following equation. 
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Where:  

Q = average daily discharge [m3 s-1]  

c =  runoff coefficient expressing the 
 losses as a ratio (runoff/precipitation), 
 with cS referring to snowmelt and cR to 
 rain  

a = degree-day factor [cm oC-1 d-1] 
 indicating the snowmelt depth 
 resulting from 1 degree-day  

T =   number of degree-days [oC d]  
ΔT =  the temperature lapse rate correction 

 factor [oC d]  
S =  ratio of the snow covered area to the 

 total area  
P =  precipitation contributing to runoff 

 [cm]. A pre-selected threshold 
 temperature, TCRIT, determines  whether 
this contribution is rainfall  (immediate) or 
snow (delayed).  

A =  area of the basin or zone [km 2]  
k =  recession coefficient indicating the 

 decline of discharge in a period  without 
snowmelt or rainfall.   K = 
Qm+1/Qm (m, m + 1 are the  sequence of 
days during a true  recession flow period). 

n =  sequence of days during the discharge 
 computation period. Equation (1) is 
 written for a time lag between the 
 daily temperature cycle and the 
 resulting discharge cycle of 18 hours. 
 In this case, the number of degree-
 days measured on the nth day 
 corresponds to the discharge on the n 
 + 1 day. Various lag times can be 
 introduced by a subroutine.  

10000/86400  = conversion from cm·km2 d-1 to 
m3 s-1 

Derivation of Model Input Parameters  

The input data requirements of the SRM are 
categorized into three categories i.e. basin 
characteristics, variables and parameters. The 
basin characteristics are usually computed from 
the digital elevation model of the area. The 
variables include temperature, precipitation and 
snowcover. The actual/observed records of 
temperature and precipitation are available while 
snowcover is estimated from MODIS satellite 
imagery. The parameters are temperature lapse 
rate, critical temperature, degree day factor, time 
lag, runoff coefficient, rainfall contributing area, 
and recession coefficient. These parameters can 
be computed from field measurements, derived 
from the variables or determined through 
physical laws. In cases where actual data are not 
available, adjustment and refinement of certain 
parameters within permissible limits during 
model verification is usually done.  

Basin Characteristics 

The watershed and river network has been 
delineated from the SRTM DEM data of the 
Swat basin using ArcHydro extension of ArcGIS 
software. Since, the SRM represents a semi-
distributed approach, considering each 
catchment section with similar hydrological 
characteristics as a single unit (hydrological 
response unit, HRU), the basin has been divided 
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into five elevation zones (Zone-A to Zone-E) 
keeping in view the available elevation range of 
686 m–5808 m as shown in Fig. 3. The total area 
of the basin is 5713.38 sq. km with a mean 
hypsometric elevation of 2727.2 m. The mean 
hypsometric elevations for each elevation zone 
are 1133.42, 1956.63, 3014.76, 4007.57, 
4726.55 m respectively.  
 

 
Fig. 3. Elevation zones, their areas & mean 
hypsometric elevation. 

Variables 

The daily meteorological data for a number of 
met stations in the vicinity of study basin has 
been acquired from Pakistan Meteorological 
Department (PMD) and Surface Water 
Hydrology Project of WAPDA. The study 
utilizes temperature data of Kalam observatory 
for each elevation zone. For precipitation, data 
of Saidu Sharif (961 m amsl) is used for Zone A, 
Kalam (2103 m amsl) for Zones B, C, and D and 
Shandur (3719 m amsl) for Zone E. Snowcover 
extent in the watershed and in each elevation 
zone has been determined from the eight daily 
MOD10A2 MODIS snowcover product. A total 
of 138 satellite images spread over a period of 
three years (1st January 2002 to 31st December 
2004) are processed through ERDAS Imagine 
and ArcGIS softwares.  

Temperature lapse rate: The temperature lapse 
rate due to elevation difference is estimated by 
plotting the temperature records of a number of 
met stations located in the vicinity of study 
basin. The computed temperature lapse rates for 
January to December months are 0.68, 0.69, 
0.69, 0.67, 0.70, 0.73, 0.62, 0.61, 0.64, 0.68, 
0.66, and 0.65 0C / 100 m respectively.  

Degree day factor: Since, the average 
temperatures always refer to a 24 hour period 
starting at 6.00 hrs; they become degree-days, T 
(0C.d). The degree-day factor (a) can be 
determined by comparing degree-day values 
(temperature values above a certain base 
temperature) with the daily decrease of snow 
water equivalent (SWE). However, the data on 
variation of SWE is rarely available. In the 
absence of any detailed data, the degree day 
factor can be calculated from the following 
empirical relation [27]: 

w
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Where:  a is the degree day factor (cm/0C/d), and 

sρ  & wρ are densities of snow and water 
respectively. Density of snow usually varies 
from 0.3 to 0.55 gm/cc resulting in value of 
degree-day factor in the range of 0.35 – 0.61, 
with lower value recommended for fresh snow 
and snow under forest canopy. However, slightly 
higher values have also been reported in the 
snow melt runoff modeling studies [27]. The 
degree-day factor converts the number of 
degree-days T [0C·d] into the daily snowmelt 
depth M [cm] by the following relation:  
 M = a.T  

Critical temperature: Critical temperature 
determines whether the precipitation is in the 
form of rain or snowfall. Usual values ranging 
from +30C in April to 0.750C in July are reported 
[26] with higher values in snow accumulation 
periods. A similar trend with a narrower range 
+1.50C to 00C is reported by US Army Corps of 
Engineers [29]. It is very difficult to differentiate 
exactly between rain and snow because the 
temperature used is the daily average while 
precipitation may occur at any time during the 
day and that particular moment may be warmer 
or colder than the assigned temperature value. 
SRM needs the critical temperature only in the 
snowmelt season in order to decide whether 
precipitation immediately contributes to runoff, 
or, if T < TCRIT, whether snowfall took place. 
This parameter is more important for year round 
simulations which model both snow 
accumulation and snow ablation periods.  

Rainfall contributing area: Snow pack is usually 
dry before and during early snowmelt season and 
most of the rain falling on snow pack is normally 
retained by it. Only snow free area contributes to 
rainfall runoff during that period. However, at 
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some later stage the snow pack becomes wet and 
the rain falling afterwards can flow as runoff. 
The user has to decide which time periods snow 
pack in a particular area and height will be dry 
and assign that input to the model accordingly. 
The melting effect of rain however is neglected 
because the additional heat supplied by the 
liquid precipitation is considered to be very 
small [30].  

Runoff coefficient: The runoff coefficient takes 
care of the losses from the basin’s available 
water resources (rain + snow) during its 
conveyance to the outlet. The average value of 
runoff coefficient for a particular basin is given 
by the ratio of annual runoff to annual 
precipitation. The comparison of historical 
precipitation and runoff ratios provide starting 
point for estimation of runoff coefficient. 
However, more often it varies throughout the 
year as a result of changing temperature, 
vegetation and soil moisture conditions. 
Moreover, very high uncertainty involved in the 
measurement of true representative precipitation 
poses serious difficulties in its correct 
estimation. For this reason, among SRM 
parameters, the runoff coefficient is the primary 
candidate for adjustment during model 
calibration [27]. Runoff coefficient is usually 
higher for snow melt than for rainfall due to 
effect of cold water soil hydraulic conductivity.  

Recession coefficient: Stream flow recession 
represents withdrawal of water from the storage 
with no or little inflow. River discharge data of 
Chakdara gauge station, which is located at the 
exit point of the basin, was collected from 
Surface Water Hydrology Project (SWHP) of 
Water and Power Development Authority 
(WAPDA), Pakistan. The discharge on a given 
day (Qn) is plotted on the logarithmic scale 
against the value of discharge on the following 
day (Qn + 1) as shown in the Fig. 4. An envelop is 
drawn to enclose most of the points and the 
lower envelop line of all points is considered to 
indicate the k-values.  

For Qn + 1 = 700 and Qn = 900, the value of k 
is derived from relation k = Qn + 1 / Qn, or k = 
700/900 = 0.777. Similarly, the value of k2 can 
be derived from the other corresponding values 
of Qn + 1 and Qn. It is observed that the value of k 
increases with decreasing Q, by solving the 
equation kn + 1 = x.Qn

-y, the values of constants x 
and y are computed for two corresponding Q and 
k values.  

 
Fig. 4. Recession flow plot Qn vs Qn+1 for the 
Swat River Basin of Pakistan. 
 
 
Time lag: For large basins with multiple 
elevation zones, the time lag changes during the 
snowmelt season as a result of changing spatial 
distribution of snow cover with respect to the 
basin outlet. Generally the time lag in a basin 
increases as the snow line retreats. If there is 
uncertainty, the time lag can be adjusted in order 
to improve the synchronization of the measured 
and simulated peaks of average daily flows.  
 
Model Calibration and Verification 

The mountain hydrology is mainly the function 
of topography and meteorology however the 
knowledge about interaction of these 
components of mountain hydrology is generally 
limited and qualitative in nature [31].  Therefore, 
there is more reliance on river flow data of the 
mountain areas which largely represent the 
hydrological responses of all the existing 
topographical factors and meteorological events 
taking place in the mountain regions [32, 33].  

The SRM normally does not require 
calibration as its input parameters are generally 
derived from the field data and historical records 
through physical laws and empirical 
relationships. However, gathering of all the 
required data is only a dream for a highly rugged 
mountain terrain in a country like Pakistan, 
where inaccessibility and lack of resources 
generally limit collection of such data. Hence, 
calibration of the model and some rational 
adjustment of few input parameters are 
unavoidable and in fact the user gains more 
confident over the simulation results. Therefore, 
some of the parameters were adjusted during 
calibration and verification against the daily 
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river inflows of year 2002 to 2004.  Besides 
visual inspection, the accuracy of calibration was 
judged from the two well established accuracy 
criteria [27], the coefficient of determination 
(R2) and the deviation of runoff volumes (Dv).  
 

RESULTS AND DISCUSSION 

Spatial and Temporal Distribution of 
Snowcover 

Determining contribution of snowmelt runoff to 
river discharges has great practical significance 
as snowmelt runoff is more dependable source of 
fresh water. Unfortunately, the highly rugged 
ground control to accurately monitor 
metrological data and snowcover information on 
a continuous basis. In such circumstances 
satellite remote sensing has great value and 

seems to be the only viable alternative, as it can 
provide repetitive data on snow area extent at 
different, regular time intervals. The study 
utilized MODIS snowcover products to estimate 
snow area extent in the Swat River Basin of 
Pakistan. The MODIS 8-daily (level 3, version 
5) maximum snow extent composite snowcover 
product (MOD10A2) was processed in a RS and 
GIS environment to estimate spatial and 
temporal variation of snow cover in the basin. In 
all 140 images distributed over three years 
period (Jan. 2002 to Dec. 2004), were processed 
and analyzed. Fig. 5 presents temporal (on daily 
basis) variation of snowcover at various 
elevation zones for the three years period, while 
Fig. 6 shows spatial distribution of snowcover 
through the sequence of selected time series GIS 
processed snowcover maps of the basin for the 
same period. 
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b. Snowcover distribution in Zone-B 
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c. Snowcover distribution in Zone-C 
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d. Snowcover distribution in Zone-D 
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e. Snowcover distribution in Zone-E
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f. Snowcover distribution in Zone-F 
Fig. 5.   Temporal variation of snowcover at various elevation zones for the three years period. 
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The analysis and visual observation of the 
generated snowcover maps and developed 
graphs reveal that snowfall and subsequent 
snowmelt in the Swat river basin is highly 
variable in terms of altitude, space and time. The 
snowfall usually starts by the mid to late 
September initially at higher elevations and 
snow area may be increased abruptly from less 

than 2% in August to about 10–20 % of the total 
basin area. Occasional and unpredictable 
rainstorms in September and October months 
most often bring immediate, abrupt and 
significant increase in snowcover area and 
snowcover may cover about 45% of the total 
basin area by the end of October. However, the 
following few weeks are unable to maintain that 

 
 

 

Fig. 6.   Snowcover variation during Jan – Mar, Apr – Jun, Jul – Aug, and Sep – Dec. 
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tempo due to temperature variation and 
consequently some decline in snowcover is 
usually observed in many cases due to 
subsequent and immediate melting of that fresh 
and temporary snowcover. The main winter 
months (Nov–Feb) generally bring in most of the 
snowfall and snowcover keeps accumulating 
reaching its peak area by the end of January or 
early February covering about 58 – 64 % of the 
basin area. Significant snowfall at lower 
elevations is also witnessed during these main 
winter months as the snowcover gets extended 
down to valleys in southern parts and snowline 
may reach at elevations less than 1500 m. At 
higher elevations above 3500 m a.s.l. snow may 
continue to fall even in March and April months 
(Fig. 5d, 5e) when snow area in 2003 increased 
during these months.  

Snowmelt generally continues throughout 
the year but contribution of winter snowmelt 
runoff is often insignificant. Flow during the 
winter season is usually augmented from surface 
flow due to seasonal rains, sub-surface flow, and 
ground-water contribution and is termed as the 
base flow. Unlike snowfall, snowmelt usually 
progresses gradually and smoothly and is more 
easily predictable. The summer snowmelt 
normally gets momentum in the month of March 
which may also bring in some new snows at 
times of cold waves accompanied with 
precipitation particularly at higher elevations. 
The net outcome however is towards snowmelt. 
At first the snow starts disappearing rapidly from 
valleys at southern parts of the basin and from 
elevations less than 2500 m in early March, 
which gradually widens and the snowline 
retreats upward as the summer season progresses 
and temperature is increased.  At elevations 
greater than 4500 snowmelt starts in late April 
and continues till mid September. During July to 
mid September temperatures are usually 
sufficient enough to melt the snow and snowmelt 
is mainly the function of available snow, which 
is mostly concentrated at highest elevations and 
is about to finish. Minimum snowcover is 
usually observed in the late August until the new 
snowfall season starts in September. During the 
monsoon season, the peak snowmelt runoff is 
augmented by monsoon rains to produce higher 
discharges and occasional peak floods 

sometimes destroy the infrastructure.  

The three-year snowcover monitoring with 
remote sensing shows that under conducive 
climatic conditions, the maximum snow area 
extent may cover about 64 % of the total area of 
the basin during January-February to as low as 
1.7 % in late August  during the snowmelt 
season. However, spatial analysis of the three 
years snowcover maps as shown in Fig. 7 
suggests that not always the same area receives 
snowfall. Table 2 further depicts that about 79.14 
% of the area received snowfall at any time 
during 2002 – 2004. This area can be termed as 
area which generally accommodates temporary 
and seasonal snowfall. A handful of 20.72 % 
never received snowfall during that period; while 
only in 0.14 % (8.187 sq. km) of the basin area, 
snow cover remained in tact and could not be 
melted during that three years period. This area 
can be termed as permanent snow or glaciated 
area. It means that the entire basin 
predominantly accommodates temporary and 
seasonal snowcover, which is an important 
element of the hydrological cycle of the basin 
and major contributor to the basin’s fresh water 
resources. 

 

 

Fig. 7. Spatial analysis of permanent and 
temporary snow cover.  

 

 

 



Snowcover in Swat, Pakistan 29

Table 2. Area under permanent and temporary     
snow covers for three study years. 

Year Permanent 
Land  

(sq km) 

Temporary 
Snow  

(sq km) 

Permanent 
Snow  

(sq km) 

2002 1617.960 
(28.32) 

4043.269 
(70.77) 

52.150 
(0.91) 

2003 1809.644 
(31.67) 

3888.715 
(68.06) 

15.021 
(0.26) 

2004 1675.184 
(29.32) 

3981.328 
(69.68) 

56.867 
(1.00) 

2002–
2004 

1183.646 
(20.72) 

4521.546 
(79.14) 

8.187 (0.14) 

Runoff Simulation Results 

After estimation and derivation of all the model 
input parameters, the SRM was calibrated against 
the actually observed river flows during 2003. 
Some parameters were slightly adjusted and the 
calibrated model was verified for 2002 and 2004 
river flows. Fig. 8 compares the simulated and 
actually observed river flows for years 2002, 2003 
and 2004 while Table 3 assesses the accuracy of 
the simulation results by means of two statistical 
measures, i.e., coefficient of determination (R2) 
and deviation of runoff volumes (Dv). The 
coefficient of determination is 0.796, 0.824 and 
0.802 and the volume difference – 2.815%, - 4.077 
%, and 3.202 % for 2002, 2003 and 2004 
respectively. The calibration and verification 
results can be termed good and well within 
acceptable limits as SRM has been applied for over 
112 basins in the past with 42% and -7.5 to 
+29.9% values of both these criteria, respectively 
[27]. Hence the calibrated and verified model can 
be used for simulation of any scenario. 
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Fig. 8. Simulated and measured river flows. 
 

Three scenarios have been developed in the 
present study. The first scenario runs the model 
with each year’s own data and computes the 
daily runoff. The second scenario runs the model 

for each year’s data but with no rainfall to 
calculate the respective share of snowmelt runoff 
into river discharge from the input of snowcover. 
The third scenario runs the model for each year 
with no rainfall and with normalized (putting 
historical average temperature values rather than 
each year’s own temperature data) temperature. 
This scenario is developed to normalize the 
effect of temperature. It means whatever the 
effect of temperature is, it remains the same for 
each year and only the effect of snowcover 
change on snowmelt runoff is simulated.  

 
Table 3. Year round simulation statistics for 
different study years. 
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− 
 Simulation Measured (Simulated Volume Coefficient 
 Year  Runoff Runoff Difference of 
  Volume Volume ( (%) Determination 
  106 m3) 106 m3)  (R2)  
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− 

 2002 4465.18 4590.86 - 2.82  0.796 
 2003 5742.86 5977.02 - 4.08  0.824 
 2004 5874.32 5686.18 3.20  0.801 

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− 

Simulated snowmelt and rainfall 
contribution components to runoff, computed 
through the SRM, are presented in Fig. 9.  The 
figure clearly indicates the dominancy of 
snowmelt runoff as the basin is predominantly a 
snow-fed. However, there is also significant 
contribution of rainfall to runoff particularly in 
the summer monsoon moths of July and August. 
Snowmelt runoff contribution to the total runoff 
may ranges from 65–75 %. The results further 
suggest that about 30–60% of the total rain fall 
runoff occurs in monsoon season (July–
September) and about 25–50 % in March to May 
period. The average contribution of snowmelt 
runoff to the total monthly runoff is 98.5, 91.2, 
61.3, 61.6, 70.8, 83.0, 67.6, 53.3, 61.5, 73.1, 
82.5, and 86.7 % for January–December months 
respectively. 
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Fig. 9. Computed snowmelt and rainfall runoff 
components. 
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The study employed daily record of 
snowcover which show that snowfall can take 
place during eight months (September–April) 
and even minute amounts can be observed 
during the four main summer months. Therefore, 
relating winter snowcover with total summer 
runoff volume may give reasonable estimates for 
only the four main summer months (May– 
August). Instead this study not only relates the 
daily river discharges with the daily snow area 
extent but also develops prediction model for the 
total runoff volume of the four main summer 
months. The study also relates the simulated 
snowmelt runoff (excluding rainfall runoff 
component) with the snow area extent.  

Fig. 10 clearly indicates a definite response 
of observed river discharges and simulated 
snowmelt runoff to seasonal snow cover 
changes, i.e. an increasing discharge associated 
with a decrease of snow area extent during the 
early summer (March-June), and decrease in 
discharge with decreasing snowcover in the late 
summer, monsoon season (July–August). 
Accordingly, two prediction models, described 
below, are developed to relate snowcover with 
river and snowmelt discharge. 

Fig. 10(a) relates snow cover with river and 
snowmelt discharges for the early summer 
snowmelt season (March-June). This 
relationship can be described by the negative 
linear regression model as the river discharge 
increases with decrease in corresponding 
snowcover.  Its relationship with the daily 
simulated snowmelt runoff is also negative but 
slightly different and is best explained by the 
third order polynomial function. This difference 

between the two regression models is due to 
variation of rainfall runoff component in the 
river discharges. Moreover, this inverse 
relationship is only true for the first part of the 
snowmelt season during which availability of 
snowcover is generally not a limiting factor and 
snowmelt runoff is largely the function of 
available temperature. But as the melting season 
progresses, the available snowcover gets 
depleted and it starts limiting the snowmelt 
runoff more than the temperature. Relationship 
between snowcover, snowmelt runoff and river 
discharge during the second part of the snowmelt 
season (July–August) as in Fig. 10(b) is 
completely different from that of the first part. 
During this summer monsoon period, most of 
seasonal snowcover at lower to medium 
elevations is melted and snowmelt runoff mainly 
comes from snowcover at high altitudes and 
permanent snow and glaciers of higher 
elevations. Unlike the previous model, this 
regression model shows positive relationship of 
average daily snowcover with the two runoffs. 
Also, there is exchange in type of regression 
model between the two relationships. The 
average daily snowcover now relates the 
simulated snowmelt runoff linearly, whereas its 
relationship with the average daily observed 
river discharge can be simplified by the second 
order polynomial function. The river discharge 
during the early July month tends to remain 
constant but greater river discharges in mid or 
late July than the early July month are due to 
greater contribution of rainfall runoff component 
during that period, otherwise snowmelt runoff 
decreases linearly during the following period.  
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Fig. 10 (a) Relationship of daily snowcover 
with simulated snowmelt runoff and observed 
runoff for March–June months. 

Fig. 10 (b) Relationship of daily snowcover with 
simulated snowmelt runoff and observed runoff 
for July–August months. 
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CONCLUSIONS    

The altitudinal, spatial and temporal distribution 
of snowcover in the Swat River Basin of 
Pakistan was successfully evaluated using 
remotely sensed satellite imagery of the MODIS, 
GIS techniques and snowmelt runoff modeling. 
Increase in snowcover is observed in October 
and snow area extent sometimes may cover 
about 45 % of the basin area. The main winter 
months (i.e., November–February) generally 
bring in most of the snowfall and snowcover 
accumulates about 64 % from end of January or 
early February. The snowmelt normally starts in 
late February from lower elevation and increases 
gradually from around 30–60 m3/sec to more 
than 400 m3/sec to as high as 760 m3/sec in late 
June or early July. The July–early September 
runoff is believed to be coming mainly from the 
melting of permanent snow and glacier melt at 
the highest elevations after most of the 
snowcover at lower to medium elevations 
disappears. On the basis of three-year simulation 
results, the study basin is found predominantly a 
snow-fed as annual snowmelt runoff 
contribution to the river flow may ranges 65–75 
%. About 66 % of the total runoff (46 % 
snowmelt and 20 % rainfall) is generated during 
four main summer months (i.e., May–August).  
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Abstract: A new alga, Spatoglossum qaiserabbasii Abbas et Shameel, sp. nov. (Dictyotales, 
Phaeophycota) was collected from the coast of Karachi, Pakistan during March 2009 and investigated 
for its taxonomy, anatomy and reproductive structures. It is characterised by very rough surface of the 
thallus, small proliferations all over the surface and highly undulate margins. Anatomically there are 
variable shapes of the peripheral cells, i.e., cubical or rectangular, triangular or polygonal. The 
sporangial sori are scattered on both surfaces embeded in peripheral layers, and two types of cortical 
cells in the basal portion of thallus which have a peculiar arrangement. 

Keywords: Marine algae, Karachi coast, Phaeophycota, Spatoglossum, morphology, anatomy 
 

 
INTRODUCTION 
 
Spatoglossum Kützing 1843: 339 is a commonly 
occurring genus of brown seaweeds at the coast 
of Pakistan. Initially, its growth was observed in 
1930s at the coast of Karachi [1, 2], and 
gradually its five species, i.e., S. asperum J. 
Agardh 1894: 36, S. australasicum Kützing 
1859: 20, S. schroederi Kützing 1859: 21, S. 
shameelii Abbas 2010: 34 and S. variabile Figari 
et De Notaris 1853: 158 were reported to occur 
at Karachi [3-8] and other coastal areas of 
Pakistan [9-11]. S. chaudhrianum P. Anand in 
Salim 1965: 196 is nom. inval., because no 
taxonomic description and no diagram of this 
species are available anywhere. It was simply 
mentioned in a list as “Spathoglossum 
chaudhriana” [2], which is not an appropriate 
name [12]. During a large collection survey of 
Karachi Coast, some specimens were found 
different from all the existing species. On the 
basis of their characteristics these are being 
described here as a new species. 

 
MATERIALS AND METHODS 
 
The specimens were collected during March 
2009 from Buleji, a coastal area near Karachi, 
Pakistan. Material was brought to the laboratory, 

washed thoroughly and preserved in 4 % 
formalin–seawater solution for further 
investigations. Some material was preserved in 
the form of herbarium sheets and kept in the 
Herbarium, Department of Botany, Federal Urdu 
University (FUU-SWH-14). Cross sections 
(C.S.) of the material were obtained by free 
hands with the help of shaving blades, which 
were then stained with iodine, mounted in 
glycerine and sealed with the help of nail-polish. 
Prepared slides were examined under Nikon 
PFX microscope, and photographs were taken 
with F 601 camera.  

 
RESULTS  
 
The general observation and microscopic 
investigation of the collected specimens 
indicated the following characters: 

 
Spatoglossum qaiserabbasii Abbas et Shameel, 
sp. nov. 

 
Diagnosis 

Pagina scaber, apice late obtusus, margine 
laviter undulatus, superficebus ambabus cum 
parvulus prolificatio, peripheriae cellulare 
variabilis, pagina cum sporangium sori 
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dispersus, thallus basilis cum bimorphis 
corticalis cellulae. 

Morphological characters  

Thalli erect, flat, foliaceous, greenish brown in 
colour, surface rough; sub-dichotomously or 
irregularly branched; apex broadly obtuse, 
margins slightly undulated; proliferations do not 
arise from margins, small outgrowths or 
proliferations present all over the surface on both 
sides; thalli 25 cm long, 2 – 5 mm broad at the 
apex, 2 – 4 cm broad at the middle and 2 – 3 cm 
broad at the base; from basal portion few small 
branches or proliferations arise; attached with 
the help of a small compact holdfast (Fig. 1).  

 
Anatomical features 

 In surface view: peripheral cells variable in 
shape i.e. cubical or rectangular or triangular or 
polygonal; small, rounded oil globules arranged 
near the cell-wall; cells thin-walled, arranged in 
irregular manner; 20.0 – 55.5 µm in length and 
15 – 47.5 µm in breadth; sporangial sori 
scattered all over the surface, dark brown, 
variable in shape, rounded to irregular (Fig. 2). 

In the apical portion: thalli consist of 4 (-5) 
layers i.e. upper and lower peripheral layers 
enclosing 2 (-3) cortical layers; peripheral cells 
large, palisade-like, thin-walled, with dense 
phaeoplasts, 25 – 50 µm in length and 20 – 30 
µm in breadth; 2 – 3 layered cortex composed of 
large, polygonal or cubical cells, intercellular 
spaces present, poor in contents, thin-walled, 
arranged irregularly, 20 – 75 µm in length and 
17.5 – 32.5 µm in breadth (Fig. 3).  

In the middle part: thalli 5 layered i.e. upper 
and lower peripheral layers and 3 cortical layers; 
peripheral cells palisade like, large, thin-walled 
with dense phaeoplasts, 25.0 – 47.5 µm in length 
and 20.0 – 37.5 µm in breadth; cortical cells 
vertically elongated, large and thin-walled, 
intercellular spaces absent, poor in contents, 
some cells cubical and small but other cells very 
large, 50.0 – 112.5 µm in length and 25.0 – 37.5 
µm in breadth (Fig. 4).  

In the basal portion: thalli consist of 5 – 6 (-7) 
layers i.e. upper and lower peripheral layers 
enclosing 4 – 5 central layers; peripheral cells 
large, broad and thin-walled, cubical with dense 
phaeoplasts, edges of cells slightly rounded, 25.0 
– 62.5 µm in length and 25 – 60 µm in breadth; 
central portion divided into two types of cells: in 
the center 2 layers composed of large, polygonal 

or cubical, thick-walled cells, cell-wall thickness 
7.5 – 10.0 µm, poor in contents, intercellular 
spaces absent, 25 – 75 µm in length and 25.0 – 
37.5 µm in breadth; on both sides of these large 
cells 1 – 2 layers are present, which consist of 
small, vertically elongated cells, in some places 
only one but usually two layers, intercellular 
spaces present, cells thin-walled, 25 – 50 µm in 
length and 17.5 – 30.0 µm in breath (Fig. 5). 

Margin composed of 4 – 5 cells, arranged in 
regular tiers, thin-walled, dark-coloured, 20 – 50 
µm in length and 22.5 – 30.0 µm in breadth (Fig. 
6); phaeophycotean hairs arise from hair 
cavities, present on the peripheral layer; hairs 
multicellular, dark brown, found in groups, 25 – 
75 µm in length and 10.0 – 17.5 µm in breadth 
(Fig. 7).  

 
Reproductive structures 

Sporangia present in the form of sori, scattered 
on both surfaces of the thallus (Fig. 2); sporangia 
dark brown, cubical or rounded or squarish, 
embeded in peripheral layers (Fig. 8).  

 
Type locality  

Buleji, Karachi, Pakistan (FUU-SWH-14). 
 
Habitat 

Collected as drift material at Goth Haji Ali, 
Buleji (Leg. Alia Abbas 31-3-2009).  
 
DISCUSSION 
 
Spatoglossum is a genus of brown algae (family 
Dictyotaceae, order Dictyotales, class 
Dictyophyceae, phylum Phaeophycota; fide [13, 
14], which is represented by four species in the 
Indian Ocean [12], while S. chaudhrianum does 
not exist being a misidentification. The present 
species resembles the five species described 
from the coast of Karachi i.e. S. asperum, S. 
australasicum, S. schroederi, S. shameelii, and 
S. variabile in the general appearance such as 
foliaceous thalli with sub-dichotomous or 
irregular branching. It is smaller in height than S. 
asperum and S. variabile but longer than other 
three species [3-8]. The basal part of thallus of 
the present species contains 5-7 layers, in this 
way it resembles S. asperum and S. schroederi 
but differs from S. australasicum which contains 
only 4 layers and the other two species contain 
9-20 layers (Table 1). 
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Fig. 1-4. Spatoglossum qaiserabbasii: 1. Habit of the thallus, 2. Surface view of thallus with 
sporangial sori, 3. C.S. of apical portion, 4. C.S. of middle part. 
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Fig. 5-8. Spatoglossum qaiserabbasii: 5. C.S. of basal portion of the thallus, 6. C.S. of basal 
part with margin, 7. C.S. of thallus showing phaeophycotean hairs, 8. C.S. of thallus with 
sporangium. 
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Table 1. Comparative account of the species of Spatoglossum growing at the coast of Karachi with S. 
qaiserabbasii. 

 
Characters S. asperum S. australasicum S. schroederi S. shameelii S. variabile S. qaiserabbasii 

Thallus colour 
 
 
Surface 
 
Margin 
 
 
Tip 
 
 
Proliferations 
 
 
Height (cm) 
 
Breadth (cm) 
upper 
middle  
lower 
 
Basal part 
(layers) 

Olive  
brown 
 
Smooth 
 
Entire 
 
 
Palmate 
 
 
 From 
margin 
 
 5-40 
 
 
 
 2-5 
 2-12 
 1-7 
 
   6 

Olive green 
 
 
Rough 
 
Slightly undulate 
 
 
Broadly obtuse 
 
 
 From surface 
 
 
  7-20 
 
 
 
  1.5-5.0 
  2.0-4.5 
  0.3-1.0 
 
     4 

Golden brown 
 
 
Smooth 
 
Very few 
dentations 
 
Palmate 
 
 
 Rarely 
proliferated 
 
  10-14 
 
 
 
   2-4 
   3-4 
   1-2 
 
   5-7 

Dark green 
 
 
Smooth 
 
Dentate 
 
 
Slightly 
pointed 
 
From 
margins 
 
  18 
 
 
 
 k0.2-0.8 
 2.0-3.5 
 0.5-1.0 
 
    20 

Dark brown 
 
 
Rough 
 
Entire-
crenate 
 
Oblong 
 
 
 From 
margins 
 
10-35 
 
 
 
  0.2-1.5 
  2-5 
  1-2 
 
   9-12 

Greenish 
brown 
 
Rough 
 
Slightly 
undulate 
 
Broadly obtuse 
 
From surface 
 
 
 
   25 
 
 
 
 0.2-0.5 
   2-4 
   2-3 
 
   5-7 

 
 

The present species is characterised by 
variable shape of peripheral cells i.e. cubical or 
rectangular or triangular or polygonal. Presence 
of sporangial sori on the surface, very rough 
surface of the thallus, small proliferations all 
over the surface, highly undulate margins, two 
types of cortical cells in the basal portion of 
thallus and their peculiar arrangement are those 
characters in which it differs from all other 
species of Spatoglossum described so far [15-26 
]. Therefore, it has been considered as a new 
species and is named after Prof. Dr. Syed Qaiser 
Abbas for his valuable contributions in the field 
of marine mycology. 
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Abstract: A study was carried out to determine blood groups of a random population sample from 
urban and rural areas of Sahiwal district, Punjab province, Pakistan. Blood samples were collected 
from the patients visiting to the DHQ Hospital Sahiwal. A total of 20,010 subjects, comprising 3,901 
(19.5%) female and 16,109 (80.5%) males, were screened for blood grouping. The objective of this 
study was to determine the frequency of different blood groups in this District, which would helpful in 
blood transfusion, organ transplantation, erythroblastosis fetalis, glaucoma and certain other diseases. 
The distribution of phenotypic frequencies for ABO group in the total sample were 22.0%, 36.9%, 
9.9% and 31.3% for groups A, B, AB and O, respectively, while 87.1% of the subjects were Rh-
positive. The calculated allelic frequencies were 0.182, 0.276 and 0.541, for group A, B and O, 
respectively, and 0.357 for d allele. From these studies it is concluded that phenotypically B group was 
dominant in both genders of the Sahiwal District with high allelic frequency of O group. These studies 
revealed that the gene frequencies in Sahiwal district are: O>B>A>AB.  

Keywords: Alleles, gene frequency, blood groups, Rh factor, transfusion, Sahiwal district, Pakistan 

 
INTRODUCTION 
 
Since 1901, more than 20 distinct blood group 
systems have been characterized but the ABO 
and Rh blood groups remain the most important 
clinically [1]. The distribution of these 2 blood 
groups has been repeatedly investigated in 
various populations all over the world during the 
last half-century. The frequencies exhibit 
considerable variation in different geographic 
locations, reflecting the underlying genetic and 
ethnic diversity of human populations [2]. The 
relatively new science of DNA research applied 
to full-blooded, indigenous populations from 
around the world has led to the discovery and 
documentation of genetic markers that are 
unique to populations, forensic pathology, 
ethnicity and deep ancestral migration patterns 
[3]. The markers having very specific modes of 
inheritance, which are relatively unique to 
specific populations, are used, among other 
things, to assess ancestral and kinship 
probabilities [2, 4].  

The blood groups may have some association 
with diseases like duodenal ulcer, diabetes 
mellitus, urinary tract infection, Rh and ABO 

incompatibility of newborn and all types of 
glaucomas [5-8]. All human populations share 
the same blood group systems; although they 
differ in the frequencies of specific types. The 
incidence of ABO and Rh groups varies very 
markedly in different part of the world and in 
different races. Even in Pakistan, there are some 
variations in different areas reflecting racial 
differences, evolution, their relation to disease 
and environment is being increasingly sought in 
modern medicine [9-10]. It is therefore, worth 
while to document the frequency of ABO and 
Rh blood groups in the different regions of 
Pakistan [11].  

The gene symbols i or IO, IA and IB, are 
often used to denote these alleles. Two alleles, R 
and r are responsible for the inheritance of 
rhesus blood groups, with R denoting Rh+ve, 
and r being Rh–ve blood group allele. Gene 
frequency takes into consideration the numbers 
of various genotypes in the population, and the 
relative allele frequencies are determined by 
application of the Hardy-Weinberg Law [12].  

The present study was carried out to record 
genotypic frequency of various alleles in blood 
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groups in a population of Sahiwal district of 
Punjab, Pakistan, and to compare our results 
with other studies conducted in Pakistan and 
elsewhere in the world [13-16] and its future 
utility for the health sector planners.  
 
MATERIALS AND METHODS 
 
Subjects 

A total of 20,010 subjects, belonged to both rural 
and urban areas of Sahiwal District of Punjab, 
Pakistan. Blood grouping was carried out over a 
period of 12 months from January 2009 to 
December 2009. These were categorized according 
to ABO/Rh system and allele frequency was 
computed according to Hardy-Weinberg law [12]. 

Collection of blood samples 

A 2.0 ml sample of blood was drawn from the 
antecubital vein of each subject in a disposable 
syringe, and transferred immediately to a tube 
containing ethylene diamine tetra acetic acid 
(EDTA). 

Determination of blood groups 

Blood grouping (ABO and Rh) was done by the 
antigen-antibody agglutination test. The antisera 
used were obtained from Plasmatic (Kent, UK). 
Plasmatic ABO monoclonal reagents are in vitro 
culture supernatants of hybridized immunoglobulin 
secreting mouse cell-line. For determination of Rh 
factor, plasmatic anti D (1.0 g) Lo-Du and LO-Du2 

monoclonal reagents, prepared from different 
antibody producing human B-lymphocyte cell 
lines, were used.  
 
RESULTS  
 
Phenotypic and allelic frequencies of ABO blood 
groups in the studied population, with gender 
distribution, are given in Table 1. The distribution 
of phenotypes in the total sample was 22.0%. 
36.9%, 9.9% 29.3%  and 31.3% for groups A, B, 
AB and O, respectively, and the distribution of the 
alleles were 0.182, 0.276 and 0.541, for A, B and 
O, respectively, revealing that in district Sahiwal 
the phenotypically  B group was dominant  with 
high allelic frequency of O group. The distribution 
of phenotypes and allelic frequencies of various Rh 
blood group antigens in the studied populatio is 
presented in Table 2. Distribution of phenotypes in 
the total population sample was 87.1% Rh- 
positive and 12.9% Rh-negative and distribution of 
alleles for Rh-positive antigen was 0.643 and 0.357 
Rh-negative antigen.   

The distribution of allele frequencies of blood 
group ABO antigens in the sampled population of 
Sahiwal district with earlier studies on different 
populations, suggesting the dominance of O group 
is  given in Table 3. Table 4 compares the 
distribution of allele frequencies of Rh factor 
antigens in the Sahiwal district population with 
earlier studies on different populations, suggesting 
the dominance of Rh positive group.  

 
Table 1. Distribution of phenotypic and allelic frequencies of various ABO blood group system in the 
studied population of district Sahiwal. 
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− 
 Phenotypes Allelic frequency 
Sex  −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− 
 A B AB O Total p q r 
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− 
Male 3515 5835 1480 5279  16109 0.169±  0.261± 0.572±  

(21.8 %) (36.2%) (9.2%)  (32.8%)  0.006  0.007  0.008 

Female 888 1539    489  985   3901 0.196± 0.298± 0.510±  
 (22.8%)  (36.6%)  (12.5%)  (27.8%)  0.005  0.006  0.007 

Total   4403 7374 1969 5864 20010 0.182±  0.276± 0.541±  
 (22.0%) (36.9%) (9.9%) (31.3%)  0.005 0.004  0.005 
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− 
 
Table 2. Distribution of phenotypic and allelic frequencies of various Rh blood group in the 
studied population at district Sahiwal. 
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− 
 Phenotypes Allelic frequency 
Sex  −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− −−−−−−−−−−−−−−−−−−−−−−−−−−− 
  Rh+ Rh  Total D d 
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− 
Male 14520  1589   16109 0.686±  0.314± 
   (90.1 %)  (9.9%)     0.010    0.010 

Female 3277 624 3901 0.600±  0.400± 
 (84.0%)   (16.0%)  0.012 0.012 

Total    17797 2213 20010   0.643±  0.357±  
 (87.1%)   (12.9%)     0.011 0.011 

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− 
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Table 3. Compares the distribution of allele frequencies of ABO blood group antigens in the Sahiwal 
district population with earlier studies elsewhere. 
 
  Frequency of blood groups (%)   

Population A B AB O Reference 

Kuwait 0.2900 0.2300 0.1400 0.3500 [17] 
Britain 0.4170 0.0860 0.0300 0.4670 [18] 
Kenya 0.2620 0.2200 0.0440 0.4748 [19] 
Nigeria 0.2443 0.2388 0.0275 0.4894 [20] 
Hungary 0.2766 0.1218 0.0423 0.5553 [21] 
Ukraine 0.2360 0.2250 0.0704 0.5760 [22] 
Aborigines 0.3900 0.0000 0.000 0.6100 [03] 
Turky 0.1220 0.1213 0.0085 0.7398 [23] 
American Indian 0.0390 0.0110 0.000 0.9500 [24] 
Bororo 0.0000 0.0000 0.000 0.1000 [3] 
Rawalpindi (Pakistan) 0.2701 0.3350 0.0893 0.3031 [25] 
Peshawar (Pakistan) 0.2800 0.3400 0.0700 0.3100 [26] 
Swabi (Pakistan) 0.2760 0.3040 0.0880 0.3220 [27] 
India 0.2470 0.3750 0.0530 0.3250 [18] 
Hazara (Pakistan) 0.2400 0.3200 0.1100 0.3300 [28] 
Bahawalpur(Pakistan) 0.2100 0.3600 0.0600 0.3700 [29] 
Wah Cant (Pakistan) 0.1813 0.2450 0.0517 0.5400 [30] 
Mandi Bauddin (Pakistan) 0.1583 0.2832 0.0448 0.5522 [14] 
Gujrat (Pakistan) 0.1740 0.2229 0.0435 0.5596 [13] 
 Sahiwal (Pakistan) 0.1744 0.2837 0.0494 0.5419 Present study  

 

Table 4. Frequency of Rh antigens in different 
populations.  
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− 
 Allele Frequency  
 −−−−−−−−−−−−−   
Population Rh+ Rh- Reference 
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− 
China 1.0000 0.0000 [31] 

Germany 0.9500 0.0500 [32] 

Nigeria 0.9430 0.0570 [20] 

Mandi Bauddin (Pakistan) 0.9140 0.0860 [14] 

Azad Jammu and Kashmir 0.8480 0.1520 [33] 

Kenya 0.8030 0.1970 [19] 

Gujrat (Pakistan) 0.7958 0.2042 [8] 

Peshawar (Pakistan) 0.7680 0.2320 [34] 

Wah Cantt (Pakistan) 0.7390 0.2710 [30] 

Islamabad (Pakistan) 0.7290 0.2710 [25] 

Mirpur (Pakistan) 0.7010 0.2990 [35] 

Bannu (Pakistan) 0.6720 0.3280 [36] 

Sahiwal (Pakistan) 0.643 0.357 Present study 
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− 
 

DISCUSSION  
 
By comparing the data shown in Table 3 with 
the present study under discussion (O=0.541, 
A=0.182 and B=0.276), it has been observed that 
the population of Sahiwal region is very close to 
Hungry, Ukraine, Wah Cant., Gujrat and Mandi 
Bahauddin population, and is different from the 
population of Kuwait, Germany, Turkey, 
American India, Bannu, Rawalpindi, Peshawar, 
Swabi, India, Hazara, Bahawalpur and other 
Districts. This data is similar to the previous 
finding that there is an equal dominance of 
group O and B in the Indo-Pak subcontinent, in 
contrast to dominance of only O group in the 
British and African populations [18-20]. It also 
has been previously described that the type O 
group is the oldest blood and shows a connection 
to high animal protein consumption; individuals  
generally produced higher stomach acids and 
experience more incidence of gastric ulcer 
diseases than the other groups [13]. Inspite of 
these problems with O group population several 
significant implications are also observed.  
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Firstly, it provides information to blood banks 
regarding the higher need for blood group O for 
transfusion purpose particularly for obstetrics, 
surgical purposes and during disasters. Secondly, 
studies concerning possible association between 
ABO blood group and cardiovascular diseases 
have confirmed that persons of group A are 
affected more with coronary heart disease, 
ischemic heart disease, venous thrombosis and 
atherosclerosis, while its low in people with 
blood group O which stated to have protective 
effect against some diseases [8, 9, 36]. 

These studies suggest that the people of the 
District Sahiwal are seemed to be more close to 
the Hungry and Ukraine peoples and the 
heterogeneity in the Sahiwal district population 
is may be due to the different genetic and 
environmental factors, which helps the 
expression of blood groups alleles A and B 
among the Pakistani populations. However, this 
requires further investigation on Pakistani 
population. 

In terms of presence of Rh antigens, the data 
from several studies on China, Germany, 
African and Pakistani populations are compared 
in Table 4, along with the allele frequency of R 
and r. The findings of the present study (R= 
0.643, r= 0.357) are inconsistent with the results 
obtained in an earlier study carried out in the 
population of Mirpur, Bannu, Lahore and 
Islamabad, where the allele frequency of Rh-
positive (R) has been found very close to the to 
the population of Sahiwal. However, the allele 
frequency of Rh positive was less than the 
population of Azad Jummu and Kashmir, Gujrat, 
Mandi Bauddin, China, Germany and Nigeria 
(Table 4). Indicating, the progressively reduction 
of Rh-positive and the dominance of Rh nagitive 
group in Sahiwal region of the Punjab, Province 
of the Pakistan.  

Studies of associations between various 
diseases and the ABO blood groups have shown 
elevated relative risks for some categories of 
disease. The study provides in depth information 
of the relative distribution of various alleles in 
the population and promises help in planning for 
future health challenges, especially for blood 
transfusion services, cardiovascular diseases and 
different organ transplantation studies [8,9,37] in 
the Sahiwal district. 
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Abstract: Let D  be an integral domain with quotient field K  and D  is its integral closure. (1) If D  
is a one dimensional Laskerian ring such that each primary ideal of D  is a valuation ideal, then each 
overring of D  is Archimedean. (2) If D  is not a field, then D  is a Dedekind domain if and only if 
D  is a Laskerian almost Dedekind domain. (3) D  is one dimensional Laskerian and each primary 
ideal of D  is a valuation ideal if and only if D  is one dimensional Prufer and D  has finite character. 
In this case D  is Laskerian. (4) D  is one dimensional Prufer (respectively almost Dedekind) if and 
only if every valuation ring of K  lying over D  is Laskerian (respectively strongly Laskerian). (5) The 
complete integral closure of a pseudo-valuation domain ),( MD  is Laskerian of dimension at most 
one.  

Keywords: Laskerian ring, overrings, complete integral closure, pseudo-valuation domain  

 
1. INTRODUCTION 
 
In 1905, Emanuel Lasker introduced the notion 
of primary ideal, which corresponds to an 
irreducible variety and plays a role similar to 
prime powers in the prime decomposition of an 
integer. He proved the primary decomposition 
theorem for an ideal of a polynomial ring in 
terms of primary ideals [1]. Emmy Noether, in 
her seminal paper [2], proved that in a 
commutative ring satisfying the ascending chain 
conditions on ideals, every ideal is the 
intersection of finite number of irreducible ideals 
(an irreducible ideal of a Noetherian ring is a 
primary ideal). She established several 
intersection decompositions. Among rings 
without the necessary ascending chain 
conditions, the rings in which such 
decomposition holds for all ideals are called 
Laskerian rings. 

Throughout this note all rings are 
commutative with identity. The letter D  denotes 
an integral domain with quotient field .K  By an 
overring of D  we mean a ring between D  and 

.K  We use D  to denote integral closure of D  
in ,K  Ddim  to represent Krull dimension of 

.D  By [3, Page 360], D  is said to have 
valuative dimension ,n  represented as 
dim ,nDv =  if each valuation overring of D  

has dimension at most n  and if there exists a 
valuation overring of D  of dimension .n  A 
commutative ring R  with identity is Laskerian 
if each ideal of R  admits a shortest primary 
representation; R  is strongly Laskerian, if R  is 
Laskerian and each primary ideal of R  contains 
a power of its radical [3, Page 455]. It is 
equivalent to say that a commutative ring R  
with identity is Laskerian (respectively strongly 
Laskerian) if every ideal of R  can be 
represented as a finite intersection of primary 
ideals (respectively strongly primary ideals), 
whereas an ideal Q  of R  is primary if each zero 
divisor of the ring QR /  is nilpotent and Q  is 
strongly primary if Q  is primary and satisfies 

( )n
Q Q⊂  for some n. Following [4, Page 

505], R   is a zero divisor ring ( DZ.  ring), if 
),/( IRZ R  the set of zero divisors of ,/ IR  is a 

finite union of prime ideals for all ideals I  of 
.R  
In general, Artinian ⇒  Noetherian 

⇒ Strongly Laskerian ⇒Laskerian ⇒  Z.D 
ring, But none of the above implication is 
reversible. 

An integral domain D  is said to be a Prufer 
domain if PD  is a valuation ring for every prime 
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ideal P  of .D  By [3, Page 434], a domain D  is 
an almost Dedekind domain if MD  is a 
Noetherian valuation ring for each maximal 
ideal M  of D  and its dimension is at most one. 
If D  is a Prufer domain, then D  is Laskerian if 
and only if dim 1≤D  and each nonzero 
element of D  belongs to only a finitely many 
maximal ideals of D  [3, Page 456]. 

In this note we discuss the overrings, integral 
closure and complete integral closure of an 
integral domain in Laskerian perspective. First 
we transformed )(⇒  of : Integral closure D  of 
an integral domain D  is a Dedekind domain 
⇔  every overring of D  satisfies ACCP   (or 
atomic) [5, Theorem 1], as: If integral closure 
D  of an integral domain D  is a one 
dimensional Laskerian ring such that each 
primary ideal of D  is a valuation ideal, then 
each overring of D  is Archimedean. In the 
second proposition we prove the necessary and 
sufficient condition for an almost Dedekind 
domain to be a Dedekind domain through the 
Laskerian property. We also show that D  is a 
one dimensional Laskerian and each primary 
ideal of D  is a valuation ideal if and only if D  
is a one dimensional Prufer and D  has finite 
character. In this case D  is Laskerian. With the 
inspiration; a valuation ring V  is a Laskerian 
ring (respectively a strongly Laskerian ring) if 
and only if V  has rank at most one (respectively 
V  is discrete of rank at most one) (see [3,Page 
456]), we establish that every valuation ring of 
K  lying over D  is Laskerian (respectively 
strongly Laskerian) if and only if D  is a one 
dimensional Prufer domain (respectively an 
almost Dedekind domain). Further we observed 
that the complete integral closure 0D  of a 
pseudo-valuation domain (PVD) ),( MD  (i.e. in 
D  every prime ideal is strongly prime) is 
Laskerian of dimension 1≤  and its maximal 
ideal is contained in M . 

 
2. MAIN RESULTS 
 
Following [6], an integral domain D  is 
Archimedean in case 01 =∩ ≥

n
n Dr  for each 

nonunit .Dr∈  The most natural examples of 
Archimedean domains are completely integrally 
closed domains, one dimensional integral 
domains and Noetherian integral domains. An 

ideal A  of a domain D  is a valuation ideal if 
there exist a valuation ring DDv ⊃  and an 
ideal vA  of vD  such that .ADAv =∩  
 
Lemma 2.1 

Let D  be an integral domain. If D  is Laskerian, 
such that every primary ideal is a valuation ideal, 
then D  is Prufer. 

Proof: Since D  is Laskerian, it is clear that each 
ideal of D  has finitely many minimal prime 
divisors. Since a ring with later property has 
Noetherian spectrum if and only if ascending 
chain condition for prime ideals is satisfied 
in D , therefore by [7, Theorem 3.8] D  is a 
Prufer domain. 
 
Proposition 2.2 

Let D  be an integral domain such that its 
integral closure D  is a one dimensional 
Laskerian ring and each primary ideal of D  is a 
valuation ideal, then each overring of D  is 
Archimedean. 

 Proof: If integral closure D  of an integral 
domain D  is a one dimensional Laskerian ring, 
such that each primary ideal of D  is a valuation 
ideal, then by [3, Theorems 36.2 and 30.8] ,   

.1dimdimdimdim ≤=== DDDD vv  So 
by [8, Corollary 1.4], each overring of D  is 
Archimedean. 
 
Remark 2.3 

Each overring of an integral domain D  is 
Noetherian if and only if D  is Noetherian and 
dim 1≤D  [3, Page 493, Exercise 16]. This 
cannot be generalized in Laskerian domains. 
Because, if D  is a non Noetherian Laskerian 
integral domain such as a one dimensional 
valuation ring (the case when Archimedean and 
Laskerian behave alike), then overrings of D  do 
not satisfy ACCP [9, Theorem 2.1]. 

It is easy to demonstrate that a Dedekind 
domain is a Laskerian domain. We prove in the 
next proposition that an almost Dedekind 
domain which is not Dedekind is not a Laskerian 
domain. This then demonstrates a clear 
difference between Dedekind domains and non 
Noetherian almost Dedekind domains. Here the 
concept of Laskerian domain is expanded to 
provide a way of measuring how close an almost 
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Dedekind domain which is not Dedekind is to 
being Dedekind. 
 
Proposition 2.4 

In an integral domain D  with identity which is 
not a field, the following conditions are 
equivalent: 

(1) D  is a Dedekind domain. 

(2)  D  is a Laskerian almost Dedekind domain.  

Proof: (1) ⇒  (2): D  is Dedekind D⇒  is 
Noetherian. If M  is maximal ideal of ,D  then 

MD  is a nontrivial Noetherian valuation ring. 
Therefore by [3, Theorem 17.5], MD  is rank one 
discrete and D  is almost Dedekind. 

(2) ⇒  (1): If D  is an almost Dedekind then 
dim ( D ) .1= In a Prufer domain, the Laskerian 
property in D  is equivalent to the condition that 
each nonzero element of D belongs to only 
finitely many maximal ideals of D [3, Page 456, 
Exercise 9]. Hence by [3, Theorem 37.2] D  is a 
Dedekind domain. 

Mori and Nagata have proved that if D  is 
Noetherian and one or two dimensional, then D  
is Noetherian [10]. Hence if D  is Noetherian 
and one dimensional, then D  is a Dedekind 
domain. On the other hand if the integral closure 
D  of D  is Dedekind, it is not necessary that D  
is Noetherian. For example if 

[ ] { },Q ,Q|QQ 00 ∈∈∑+=+= i
i

i aaXaaXXR

 where Q  is the field of rational and Q  is 

algebraic closure of Q , then =R  [ ]XQ  is a 
PID  but R  is not Noetherian. In [11, Lemma 
2] it is proved that if integral closure D  of an 
integral domain D  is a Dedekind domain then 
D  is Laskerian. In the next proposition we 
observe that D  remains Laskerian if integral 
closure of D  is one dimensional Prufer with 
finite character. 
 
Proposition 2.5 

Let D  be integral closure of an integral domain 
.D D  is one dimensional Laskerian and each 

primary ideal of D  is a valuation ideal ⇔ D  is 
one dimensional Prufer and D  has finite 
character. When this is the case, D is Laskerian. 

Proof: By Lemma 2.1 D  is Prufer. Since D  is 

Laskerian (by [12, Theorem 4]) it has 
Noetherian spectrum which means that every 
non zero element of D  belongs to finite number 
of maximal ideals of ,D that is, D has finite 
character. 

( )⇐   Since D  is one dimensional Prufer and 
has finite character, therefore, by [3, Page 456, 
Exercise 9], D is Laskerian and every primary 
ideal of D  is a valuation ideal [7]. Next we 
show that D  is Laskerian. By Proposition 2.2, 
dim ( D ) .1≤  Proper prime ideals are maximal 
in D , then every ideal of D  is equal to its kernel 
[13, Page 738]. Since every proper ideal in D  
has a finite number of prime divisors, every ideal 
in D  is an intersection of a finite number of pair 
wise co-maximal primary ideals in .D  
 
Lemma 2.7  

Let V  be a non trivial valuation ring on the field 
K. Then V  is completely integrally closed 

V⇔  is one dimensional V⇔  is Laskerian 
V⇔  is Archimedean. 

Proof:  A valuation ring V  is completely 
integrally closed if and only if V  is one 
dimensional (cf. [3, Theorem 17.5]). By [3, Page 
456], a valuation ring V  is Laskerian if and only 
if V  has rank at most one. Since all valuation 
rings are GCD domains, by (cf. [14, Theorem 
3.1]), V  is Archimedean if and only if V  is 
completely integrally closed. 
 
Remark 2.8 

A rank 2 valuation ring is not Laskerian 
(according to [3, Page 456]). However any 
valuation ring is a DZ.  ring [4, Page 507]. 
  
Theorem 2.9 

Let D  be an integral domain with quotient field 
.K  Then the integral closure D  of D  is a one 

dimensional Prufer domain ⇔  every valuation 
ring of K  lying over D  is Laskerian. 

 Proof: Let D  be a one dimensional Prufer 
domain and let vD  be a valuation overring of 

.D  So .vD D K⊂ ⊂  Let vP  be the centre of 

vD  in .D  Since D  is a one dimensional Prufer 

domain, therefore vPD is a rank one valuation 
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ring (and hence a maximal ring in K ) and hence 
.vP DD v =  Since every valuation ring lying over 

D  is of rank one, it is Laskerian. 

Conversely, suppose that every valuation ring 
V of K  lying over D  is Laskerian, therefore by 
Lemma 2.7, V is one dimensional. Hence by [11, 
Theorem 1] D  is a Prufer domain. 
 
Theorem 2.10 

Every valuation ring of K  lying over an integral 
domain D  is strongly Laskerian ⇔  D  is an 
almost Dedekind domain. 

 Proof: Suppose every valuation ring V of K  
lying over D  is strongly Laskerian, therefore V 
is discrete rank one (see [3, Page 456]). By [3, 
Theorem 36.2], D  is an almost Dedekind 
domain. 

Conversely, suppose D  is an almost 
Dedekind domain (hence one dimensional) and 
let vD be a valuation overring of D  (ring 

between D  and K ). Then KDD v ⊂⊂ . If P  

is the centre of vD  in ,D  then ;vP DD ⊂  since 

PD  is discrete  rank one, it follows that 
.vP DD =  Therefore every valuation ring of K  

lying over D  is strongly Laskerian (see [3, Page 
456]). 
 
Remark 2.11 

Theorems 2.9 and 2.10 respectively generalize 
[5, Theorem 1] as follows: Let D be an integral 
domain. Then the integral closure of D is a 
Dedekind domain (respectively Prufer 1-
dimensional domain, respectively, an almost 
Dedekind domain) if and only if every overring 
of D satisfies ACCP (respectively every 
valuation overring of D is Laskerian, 
respectively every valuation overring of D is 
strongly Laskerian). 

By [15], an integral domain D  with quotient 
field ,K  is said to be pseudo-valuation domain 
( ),P V D if whenever P  is a prime ideal in D  
and Pxy ∈ , where Kyx ∈, , then Px∈  
or Py ∈  (i.e. in a PVD every prime ideal is 
strongly prime). An integral domain D  with 
quotient field ,K  is said to be PVD if for every 
nonzero ,Kx∈  either Dx∈  or Dax ∈−1  for 

every nonunit .Da∈  A valuation domain is a 
PVD but the converse is not true necessarily, for 
example the non- integrally closed 
PVD ]][[CR XX+ , is not a valuation domain. 
 
Theorem 2.12 

Let ),( MD  be a PVD. The complete integral 
closure 0D of D  is quasilocal Laskerian ring of 
dim≤1. 

 Proof:  If ),( MD  is a PVD with quotient 
field K , then there is a valuation overring V  of 
D  such that ( ) ( )Sp ec D Spec V=   [15, 
Theorem 2.7 and Theorem 2.10], and hence 

0D is the integral closure of V. Thus (i) 

pVD =0  if V  has a height-one prime ideal P  

or (ii) KD =0  if V  does not have a height one 
prime ideal. In both cases 0D  is a Laskerian 
ring. 

In the following we restate theorem [16, 
Theorem 4] by replacing Archimedean valuation 
domain with Laskerian valuation domain. 
 
Theorem 2.13 

Suppose D  is an integral domain with quotient 
field K  and let L  be an extension field of K . If 
the complete integral closure of D  is an 
intersection of Laskerian valuation domains 
on K , then the complete integral closure of D  
in L  is an intersection of Laskerian valuation 
domains on L . 
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Abstract: In this communication we have presented the existence of solar flares and their variability 
along with the correlation structure of ozone concentration. This can be accomplished by analyzing the 
data of solar flare duration and ozone content. The supremacy of gradual flares in depletion of ozone 
was recognized. Exploratory Data Analysis approach has been utilized to find the contribution of solar 
flares in ozone layer depletion.  
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INTRODUCTION 
 
Ozone is formed primarily by chemical process 
involving the dissociation of O2 by solar UV 
radiation. Thus there is a need for observational 
and theoretical study of the relationship of O3 
concentration to variations in solar activity [1]. 
Albeit the anthropogenic factors are the major 
contributors of the ozone layer depletion (OLD), 
it is important to study the natural events as well. 
Solar flares are the most important in this 
respect. They occur when strong magnetic fields 
extending high into the sun’s atmosphere, 
suddenly collapse and then recombine into 
simpler structures [2]. The electrically charged 
particles emitted by some flares represent a 
potential hazard to man during space flights to 
the moon and the planet. These particles are 
greatly increased following the appearance of 
some large flares [3]. Most of the destruction (~ 
70 %) of ozone rate is due to catalytic cycle 
involving N2O, which is most likely to produce 
at the time of major flares [4 - 5]. 

Satellite measurements in the stratosphere 
and mesosphere indicate a possible correlation 
of ozone with 27-day variations in solar activity 
[6]. 

The opening of magnetic field lines initiates 
by an eruptive flare is connected with ejection of 
material called coronal mass ejection (CME). It 

has been known that the real agent that causes 
geomagnetic storms is CME, which can also 
originate in quiet parts of the sun. But it is 
misleading to jump to a conclusion that flares 
are not important any more in solar terrestrial 
relations. Flares are excellent indicators of 
coronal storms and the largest geomagnetic 
storms are caused by fast CME which usually 
are associated with flares, while moderate or 
small storms mostly have no association with 
flares [7]. Nearly 40 % of CME are accompanied 
by solar flares that occur about the same time 
and place [8]. A large solar flare also called solar 
proton event (SPE), can destroy 20 % of the 
earth’s ozone in a matter of few days as was in 
August 1972 [9 -10]. 
 
MATERIALS AND METHODS  
 
Exploratory data analysis is one of the statistical 
techniques adopted in analyzing the behavior of 
solar flare on ozone, for the period of 1972-
2006. Solar flare activities at ionosphere have 
been recorded by Digisonde which is installed at 
SUPARCO HQ, Karachi. Another remote 
sensing device is Dobson Spectrophotometer, 
which is monitoring ozone contents at 
stratosphere in Dobson unit and being working 
at GC, Quetta. These data screening convey the 
fundamental properties about the nature of the 
data and the physical process following them 
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which is easy to communicate and helpful in 
further investigation. 

According to duration solar flares are 
separated as impulsive and gradual modes i.e. 
less than and greater than 1 hour respectively. As 
in nature both of them exist arbitrarily, therefore 
we term a third category of flares called mixed 
flares. It is important to study their behavior in 
solar terrestrial relationship separately. 
 
RESULTS AND DISCUSSION 
 
Test of Normality 

A small departure from normality is found in all 
three data series of SFD as shown in Fig 1-3. 
This is also supported by their KS-values in 
Table1. Their P-values confirm it with 90 % 
confidence interval. However Fig.4 of these 
measures supported with KS value is in favor to 
recognize ozone series as normally distributed. 
The P-value defines this with 95 % confidence 
interval [13 -14]. 

The role of central limit theorem is 
emphasizing in assessing the normality of data. 
It assures us that regardless the shape of the 
population distribution as the sample size 
increased the distribution approaches a normal 
distribution very rapidly. A large sample 
approaches infinity but in practice, is generally 
taken as a sample size of 30 or more [15, 18].  
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Fig. 1. Probability plot specify nature of data 
series for mixed flares. 
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Fig. 2. Probability plot specify nature of data 
series for impulsive flares. 
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Fig. 3. Probability plot specify nature of data 
series for gradual flares. 
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Fig..4. Probability plot specify nature of data 
series for ozone contents. 
 
Pearson Index 

The Pearson Index, specify that whether the 
distribution being analyzed is significantly 
skewed or consider as normally distributed. 

s
medianxPI )(3 −

=  ------------ (1) 

where x  is the sample mean and s the sample 
standard deviation. 

If PI is not greater then +1 or less than −1, the 
distribution may not be significantly skewed. 
[11] The PI values for all of the four data 
samples in Table 1 are within this range. 

 
Table 1. Test statistics. 

 PI KS P-value 

Mix - flares 0.43 0.09 < 0.010 

Imp- flares − 0.16 0.12 < 0.010 

Grad- flares 0.98 0.19 < 0.010 

Ozone  0.18 0.04 = 0.053 

PI: Pearson’s Index of skewness 
KS: Kolmogorove-Smirnov test  
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Outlier Identification 

An outlier may be an observation for which 
the value has been incorrectly recorded and so it 
should be removed. On the other hand, an outlier 
may also be an unusual item that has been 
correctly recorded and does belong in the data 
set and therefore should not necessarily be 
excluded [12, 15]. 

The Box Plot of Fig. 5 shows ten possible 
outliers found in the data series of solar flare 
duration (SFD) and six possible outliers in the 
data series of ozone. They are flagged with an 
asterisk so that these points can be checked [16]. 
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Fig. 5. Box plot identify possible outliers in the 
data series of SFD and ozone content. 
 

Observations that are 2 or 3 times the IQR 
above the third quartile or below the first 
quartile are considered as outliers. [12] 
Outliers  = Q3 + 2 (IQR) ----------  (2) 
  = Q1 − 2 (IQR) ----------  (3) 

The above measures identify three outliers in 
the data series of SFD and four outliers in the 
series of ozone content. 

In the data series of ozone the outliers 
remains at the two extremes balance the data 
towards normality. On the other hand, all of the 
outliers of SFD exist in the right extreme makes 
the right tail slight heavy. 
 
Estimation of Confidence Interval for the 
Population Mean of SFD 

The interval estimates from the sample of solar 
flare duration (SFD), when the critical region is 
α = 0.1 and the corresponding level of 
significance or the confidence interval at 90% 
respectively as followed. 

n
x

n
x σμσ 64.164.1 +<<−   

= 57.451 <μ < 64.429 --------------  (4) 

49.394.6064.1 ±=±
n

x σ
 ---------  (5) 

 
Testing Hypothesis 

Testing the hypothesis is a procedure in which 
sample data are used to decide or not to reject a 
proposition made about the population 
parameter. Statistical hypothesis is a statement 
about a population whose validity is to be tested 
on the basis of a random sample drawn from the 
population. This statement may be an assertion 
about any population parameter [17]. 

(i) One sample test: SFD-mixed 

For mixed category of flares, it would be 
hypothesize that gradual flares in future are more 
frequent then impulsive.  
For sample size n = 325 with x  = 60.94 
Ho: µ ≥  60 (claim) 
Ha: µ < 60 
Test Statistic:  

N
S
XZ μ−

=  = 0.44 ------------  (6) 

Significance level = α  = 0.10; P = 0.671 

Make the decision to accept the null 
hypothesis that the population mean of SFD 
either greater than or equal to 60 minutes which 
specify endanger of gradual flares. 

(ii) Two samples test: ozone-imp Vs ozone-grad  

This would be hypothesizes that ozone 
column on average would not remain identical 
during the two phases of impulsive and gradual 
flares. At α = 0.05, the evidence to support the 
claim can be analyzed by using t-test. Therefore 
the series of SFD which designate as mixed 
flares have been separated into two series of 
impulsive and gradual flares according to their 
duration and ozone column corresponding to that 
period assigned as ozone-imp and ozone –grad. 
The two means are then compare as independent 
populations.  
 
Table 2. Ozone statistics during two phases of 
solar flares. 
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
 N Mean St.Dev SE Mean 
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− 

Ozone-Imp  178 281.57 25.16 1.89 
Ozone-Grad 147 286.66 17.88 1.47 
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− 

Ozone-Imp: Ozone during impulsive flares 
Ozone-Grad: Ozone during gradual flares 
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Ho: µ1 = µ2 
Ha: µ1 ≠ µ2 (claim) 
Test Statistic:  
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n
s

n
s

t xx
+

−
=  = −2.06 ------------  (7) 

Significance level = α  = 0.05; P = 0.040 
95 % Confid. Interval = (−9.95, 0.22) 

Make the decision to accept the alternate 
hypothesis that the two series of ozone column 
during impulsive and gradual phase of flares are 
not identical. 
 
Linear Regression Approach 

Regression analysis is the measure of the 
relationship between two or more variables in 
terms of the original units of the data [17].  

Linear regression technique for each of the 
three data series of SFD with respective ozone 
content are represented in Fig 6-8. Their model 
equations are respectively as follows. 

y = 278.57 + 0.074x --------------  (8) 

y = 275.14 + 0.185x --------------  (9) 

y = 290.57 − 0.042x --------------  (10) 
 
Table 3. Model validation parameters. 

 F-
value 

P-value R2 

Mix - flares 8.15 0.005 2.5 % 

Imp- flares 2.15 0.145 1.2 % 

Grad- flares 0.92 0.339 0.6 % 

R2: Coefficient of determination. 
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Fig. 6. Mixed flares show positive variation in 
ozone content. 
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Fig. 7. Impulsive flares again show a minimal 
change in ozone content. 
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Fig. 8. Gradual flares shows decline in ozone 
content. 

Among the three linear regression models it 
specifies that during gradual flares there is 
depletion in the ozone column. This trend is 
small but negative. 
 
CONCLUSION 
  
In this communication four samples are tested 
and found normally distributed. The least square 
estimate predicts ozone layer depletion (OLD) 
during gradual phase of solar flares. Mixed and 
impulsive categories of flares are found 
positively correlated with ozone concentration. 
Therefore Sun is responsible for both formation 
and annihilation of ozone. As the correlations 
are weak, the more improved results can be 
recorded using more sophisticated approach. 
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Dr. M. Asif Khan has a Masters degree from the 
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Texas, USA in 1993, Prof. Qamar returned to 
Pakistan and worked at different research and 
teaching positions. Presently, he is working at 
the COMSATS Institute of Information 
Technology as Dean, Faculty of Sciences. 
Before this, from 2005-2008, he was Professor 
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Impact Factor of more than 130 and a citation 
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Department of Biochemistry, Quaid-i-Azam 
University, Islamabad, obtained his PhD in 1990 
from Trinity College Cambridge University, UK. 
Dr Ahmad has several years of Post-doctoral 
experience from PMRC, London; TIGEM, Italy; 
and Columbia University, New York, USA. 
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in recognition of his services for the promotion 
of Chemical Sciences in particular and science in 
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Chemical Society of Pakistan.  
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earned his PhD in 1992 from the world famous 
H.E.J. Research Institute of Chemistry in 
synthetic organic chemistry. In 1992, he joined 
the Tübingen University (Germany) as a 
postdoctoral research fellow, with Prof. Dr. 
Wolfgang Voelter (Hilal-e-Pakistan, Sitara-e-
Pakistan), where he carried out research on the 
development of synthetic methodologies based 
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Prof. Dr. Asghari Maqsood daughter of M. 
Ghulam Nabi, was born on 15th September 1947 
in a small village of Jhang, Pakistan. There was 
no school for girls in her native village. She got 
early education in Abbottabad, Pakistan. Prof. 
Maqsood was an outstanding student and got a 
scholarship to study BSc (Hons) in Physics at 

Dhaka University (1966-1970). After the Dhaka 
fall, she returned to Pakistan, to join the 
University of the Punjab, Pakistan for her MSc 
degree in Physics. In 1972, she passed her MSc 
in 1st class with 1st position in the University and 
was awarded a Gold Medal by the University of 
the Punjab, on her excellent performance. 

Prof, Maqsood started her professional career 
in 1973 at Department of Physics, Quaid-i-Azam 
University. In 1975, she won the British Council 
and Pakistan Overseas Scholarships for higher 
education. She opted for the British Council 
scholarship and joined Oxford University for 
MSc degree in Experimental Solid State Physics. 
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materials, especially the single crystal of 
R2Si2O7 (R=Tm, Er, Ho, Dy). She was the first 
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with three phases, Ho2Si2O7 with four phases, 
Tm2Si2O7 and Dy2Si2O7 with two phases. The 
ASTM cards  33-0531 (Er2Si2O7), 33-0525 
(Dy2Si2O7), 33-0594 (Ho2Si2O7) are based on her 
work. Important physical properties of these 
materials in the magnetic and thermal domain 
were undertaken by her. No other researcher has 
done the study of these materials up till now, 
except X-ray diffraction. After completion of her 
PhD from Gothenburg University, Sweden, she 
returned Quaid-i-Azam University, Islamabad in 
1982 and established the Thermal Physics 
Laboratory in collaboration with Gothenburg 
and Uppsala Universities, Sweden. It was the 
first advanced research laboratory in the country 
headed by a women scientist. Prof. Maqsood is 
involved in the cutting edge research of 
advanced materials comprising rare-earth 
disilicates, high-Tc superconductors, ferrites, 
composites and semiconductor thin films for 
solar cells applications. The rare-earth disilicates 
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crystal forms and the physical properties of these 
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research group. 
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and international institutes. She has also 
developed the Transient Hot Strip (THS) and 
Transient Plane Source (TPS) techniques to 
measure thermal transport properties of 
insulators, conductors, high-Tc superconductors 
and liquids. The accuracy of the developed 
methods is so good that these might even be 
used for the measurement of specific heat 
capacity especially under difficult experimental 
conditions? A long standing limitation of THS 
technique - that this could be applied only to the 
insulating materials - was overcome in TPS 
technique. This technique can be used over a 
broad range of temperature (77-1000 K) and 
pressure using a specially designed sensor 
known as TPS element. These are the only 
experimental applications available in Pakistan 
for this purpose. 
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Pakistan. The number of PhD, MPhil and MS 
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Division of IUVSTA (July 2010). 
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She was awarded Gold Medal and cash prize 
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Academy of Sciences, for her outstanding 
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President of Pakistan and was awarded Sitara-i-
Imtiaz on Pakistan Day 2010. She also got "The 
Best University Teacher Award 2002" from 
Higher Education Commission, Pakistan. On the 
World Teacher Day, she was awarded "Prime 
Minister’s Gold Medal 2004" and was also 
honored by "President's Award: Izaz-i-Fazeelat 
for Academic Distinction 2005".  

Prot Maqsood became Meritorious Professor 
of Physics in 2005, the first lady to achieve this 
prestigious position in Pakistan. She joined 
School of Chemical and Materials Engineering 
(SCME) in Jan-2008 at NUST, where she is 
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Laboratory at SCME, NUST. 
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Dr. M. Sharif did his MSc, MPhil and PhD in 
Mathematics from Quaid-i-Azam University, 
Islamabad. He completed his PhD under the 
supervision of Professor Asghar Qadir in the 
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some alternative theories of General Relativity. 
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Foundation project during his PhD. He has 
completed a Research Project of Punjab 
University during 1998-1999. He has 
successfully completed Postdoctoral Fellowship 
twice, awarded once by Korea Science and 
Engineering Foundation during 2000 and second 
time by Ministry of Science & Technology 
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selected for Research Productivity Allowance 
since 2001 by Pakistan Council for Science and 
Technology. He was ranked top scientist by 
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quality research. He has been awarded a 
certificate for the citation of his paper in the top 
1 % by THOMSON. He has been awarded Izaz-
i-Fazeelat in 2007 and Tamgha-i-Imtiaz in 2008 
by Government of Pakistan and Best University 
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during 2008 and 2009, respectively. 
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Trieste-Italy during June-August, 1996 and 

Associate Member of Third World Academy of 
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MPhil and Ph.D. students under the Indigenous 
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Physics Letters A, Foundations of Physics, 
Astrophysics Space Science. 
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member of different societies like International 
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International Symposium on Relativity/ 
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