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Climatological Review of Enugu Rainfall from 1916 – 2012 
and its Implications           

By Alexander Budnuka Chinago  
Rivers State College of Arts and Science, Nigeria       

Abstract- The study Climatological Review of Enugu Rainfall (RF) from 1916 – 2012 and Its 
Implications examines in detail the RF characteristics and pattern over Enugu during the study 
period. These include the annual, seasonal and parameters like onset, cessation, duration and 
seasonality of Enugu RF. Data for this work were extracted from the Nigerian Meteorological 
Agency (NIMET) Oshodi, Lagos archive for analysis. The result shows among other things that 
RF fluctuates both annually and seasonally between and outside the group study period over 
Enugu. In annual / trend analysis it was observed that RF occurrence decreased from 1916 – 
1991 generally, but from 1991 – 2012 RF tend to increase. It was also observed that wet season 
accounted for 83.30% of the total RF over Enugu. The wet season months accounted for 83.30% 
of the total RF over Enugu.  

Keywords:  climate change and fluctuation, rainfall parameters, seasonality index of rainfall, wet 
and dry season, enugu. 
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Climatological Review of Enugu Rainfall from 
1916 – 2012 and its Implications 

Alexander Budnuka Chinago 

Abstract- The study Climatological Review of Enugu Rainfall 
(RF) from 1916 – 2012 and Its Implications examines in detail 
the RF characteristics and pattern over Enugu during the study 
period. These include the annual, seasonal and parameters 
like onset, cessation, duration and seasonality of Enugu RF. 
Data for this work were extracted from the Nigerian 
Meteorological Agency (NIMET) Oshodi, Lagos archive for 
analysis. The result shows among other things that RF 
fluctuates both annually and seasonally between and outside 
the group study period over Enugu. In annual / trend analysis it 
was observed that RF occurrence decreased from 1916 – 
1991 generally, but from 1991 – 2012 RF tend to increase. It 
was also observed that wet season accounted for 83.30% of 
the total RF over Enugu. The wet season months accounted 
for 83.30% of the total RF over Enugu. The seasonal RF 
exhibits double maxima characteristics, with June and 
September having the peaks, while July and August has a dry 
spell or break (August break). It was further observed that the 
Onset of RF over the years has extended or delayed from 12th 
March (71) day of the year in 1916 – 1940, to 27th March (86) 
day of the year in 1991 – 2012. In analyzing RF cessation, it 
was observed that RF cessation has reduced or shifted 
forward from 21st October (294) day of the year in 1916 – 940 
to 10th October (283) day of the year. The study also observed 
that the duration of RF over Enugu has reduced over the years 
of study. The duration from 1916 – 1940 was 223 days 
representing 61.10% of the days of the study period, in 1941 – 
1965 the duration period is 222 days (60.8%), while the period 
1966 – 1990 the RF duration decreases to 208 days, 
representing 57% of the days covered. The period 1991 – 
2012 accounted for just 54.25% of rain days during the period. 
This study discovered that, increasing amount of RF, extended 
onset, early cessation and reduced duration points to high RF 
intensity, this can trigger flooding especially at the downstream 
and soil erosion, therefore, the work suggests that every 
environmental related policies need to consult RF data and 
take account the benefits and demerit associated it. Actually, 
no threat on food production was dictated during the period of 
study. 
Keywords: climate change and fluctuation, rainfall 
parameters, seasonality index of rainfall, wet and dry 
season, enugu. 

I. Introduction 

he understanding of climate involves adequate 
knowledge of climatic variables or elements. These 
elements are temperature, precipitation, sunshine 

duration, wind, cloud cover, humidity and pressure.  The  
 
Author: Department of Social Sciences“Geography Unit”. Rivers State 
College of Arts and Science, Rumuola, Port Harcourt, Nigeria. 

e-mails: buchekel@gmail.com, chinago.alexerim@yahoo.com 

fluctuation of these elements can affect the climate of an 
area for good or for bad. 

The examination of these variables in a single 
paper or study is difficult; therefore researchers tend to 
study single or few variables, knowing that variation in 
one will also affect the others and indeed the climate. 

In the tropics, it has been observed that the 
most unreliable variable is rainfall; besides the effect of 
rainfall (form of precipitation in the tropics) on the 
environment is multidimensional in nature. Note: rainfall 
is almost, if noteverything in the tropics. 

Climate is a summary of mean weather 
conditions over a period of time, usually based on 25-30 
years record. Climate are largely determined by location 
with respect to land and seamasses, to large scale 
patterns in the general circulation of the atmosphere, 
latitude, altitude, and to local geographical features 
(Alexander, 2012; Bradshaw and Weaver in 1995; 
Mayhew, 2004; Ajayi, 1998. and Iwena, 2008). 

The study of climate is vital all over the globe. 
The importance of climate is summarized by Hardly 
(2004) he stated that almost every aspect of human 
life’s are affected by weather and climate. Were we live, 
what we wear, eat and drink, and our work and leisure 
pursuit. It imposes cost on us but also bestows benefit. 
Storm and flood causes damage and sometimes loss of 
lives, but the day to day variations contributed to the rich 
variety of flora and fauna which add so much to the 
quality of life. 

Rainfall is a form of atmospheric precipitation 
that is composed of large drops of liquid water it consist 
of water droplets ranging from 1 - 5mm in diameter         
( Alexander, 2012). The types of rain produce reflect the 
circumstances in which it is form (Mayhew, 2004).  

Rainfall is one element that influences, the 
tropical ways of life, it dictates the agricultural calendar, 
impact on hydrologic circle, social life and even food 
distribution and transportation. 

Most scholars within and outside Nigeria agrees 
that the climate is changing; there is now scientific 
consensus that the global climate is changing (Kandji, 
et al, 2006). Abaje, et al (2012) stated that observations 
show that as climate changes, changes are also 
occurring in the amount, intensity, frequency, and types 
of precipitation. 

Ayoade,(2003) and Akinsanola and Ogunjobi, 
(2014) also pointed out that the global climate has 
change rapidly, with the global mean temperature 
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increasing by 0.7 within the last century. However, the 
rate of change has significant different among region 
(IPCC, 2007).  

Climate change is a product of natural factors 
or anthropogenic factors or both. It may result from 
factor such as change in orbital elements (eccentricity, 
obliquity of the ecliptic precession of equinoxes), natural 
internal processes of the climate such as the El Nino-
Southern Oscillation (ENSO) or anthropogenic forcing 
(for example increasing atmospheric concentration of 
carbon dioxide and other greenhouse gases (GHGS), 
the effects of deforestation, urbanization and 
interference or limited infiltration due to tilling, pavement 
and inter logging of surface (Buba, 2004; Pobeni, 2004; 
Deneerdt, 2007; Agbola and ojeleye,2007; Odjugo,2010; 
Alexander, 2012, Bates et al, 2008; NOAA,2007). 

Many factors are responsible for the changes in 
distribution and characteristics of rainfall in Nigeria, and 
indeed all over the globe. These include the 
aforementioned. However the general dispersions of 
climatic variables are just variations (being primary 
characteristics of natural system),but as a steadily and 
slow changes due to human inadvertent incursion into 
nature by ways of social-economic activities that result 
to developmental initiatives, population growth, 
agricultural activities as well as growth in science and 
technology.  

The gaseous and material injections that the 
above activities inject into the atmosphere, the 
continuous clearing of green vegetal cover and other 
land use purposes practically inhabits transpiration and 
evaporation from land and vegetal surfaces. The stage 
is thus set for a change in the rainfall of such vicinity 
after decade or decades, centuries of such human 
intervention(Goldie,1980;Gribbinand Kelly, 1996; Sorte, 
1999; Afangideh and Ekanem, 2005; Odjugo, 2007). 
This dynamic and natural variation occurs on seasonal, 
decadal, centennial and even longer time scales. Each 
“up and down” fluctuation can lead to conditions which 
are warmer or colder, wetter or drier, more stormy or 
quiescent (NOAA, 2007, Abaje et al, 2010). 

Most of the available works are on trends for 
instance, Abaje et al, 2010; Ifabiyi and Ojoye, 2013; 
Abaje et al, 2012; Imo and Ekpenyong, 2011, all 
discussed trend. Rainfall trend gives pictureof rainfall 
pattern annually. It is important in the study of hydrologic 
cycle. However it is not very important for agriculture. It 
does not also explain the fact on drought and flooding. It 
is actually an illusion to true distribution of rainfall. 

Other scholars such as(Srivastava, 1975 and 
Akinyemi et al, 2013) worked on seasonality of rainfall. 
Seasonal rainfall is vital in the field of agriculture and 
even monitoring of drought and flood incidences, 
however most of the works did not use results for 
predictions. It is also observed that seasonal rainfall on 
its own cannot explain much and therefore will be 

usefully limited. It is like a sort of fluctuation or monthly 
variations. 

This work tends to review Rainfall (RF) 
characteristics over Enugu using annual records to 
study if climate was actually changing or not. Finally the 
work tends to investigate climate using the onset, 
cessation and duration of rainfall. Most of the previous 
works are limited to short period of time except when the 
element under investigation is temperature. This work 
will use a longer record 1916 – 2012. 

Unfortunately many researchers around the 
world tend to portray climate change as evil. This work is 
in distance position or deviant. It tend to observe if there 
is such change in the first place, if there is, is it to human 
advantage or not. Such vision will help in further 
research on how to enhance climate change to human’s 
benefit. 

II. Study Area 

Enugu is an old city that came to prominence 
as a result of coal mining in and around it. The name 
Enugu means hilltop. However the city is on the foot of 
the hills. Presently Enugu is divided into three local 
government areas, Enugu East, Enugu North and Enugu 
South. Enugu is the headquarters of Enugu State, and 
former capital of old East Central State of Nigeria. 

Enugu is located within the geographical 
coordinate of latitude 06º 26’ 0’’ N and longitude 07029’ 
0’’E. the city of Enugu occupied 113km2 area of land; 
with a population of 722,664 persons. It has an 
approximate population destiny of 6,400 persons per 
km2(http//en.wikipedia.org/wiki/enugu, 7-8-2015; NPC, 
2006.) Enugu is in between the northern edge of tropical 
rain forest and southern guinea savanna belt. In terms of 
climate Enugu enjoy the tropical wet climate. This 
implies that it has moderate rainfall of about 1500mm-
2500mm (Iwena(36)2010). 

Rainfall occurs within6-7 months followed with a 
dry period of about5-6 months. The southern part record 
more rainfall that the northern parts. Enugu has a double 
maxima pattern of rainfall. There is always a dry spell in 
between two peaks. 

The temperature is moderate, a mean 
temperature of 27oc, with a range of 5oc–7oc. The major 
soil type is the farraginous soil which falls within the 
interior zone of laterite soil. Major crops produce 
includes maize, cassava and palm fruit. 

Mineral resources like Coal, Lead and Zinc are 
mined within and around Enugu. 

Enugu is home to Enugu State University of 
Science and Technology, Enugu State Institute of 
Management studies and Akanu  Ibiam  International  
Airport (http://www.enugustate.gov.ng,7-8-15). Figure 1 
shows the study area. The time zone is WAT (UTC+I). It 
is known in Nigeria as the coal city. She has one of the 
oldest football clubs in Nigeria, the Enugu Rangers. 
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Figure 1 : Map of Enugu, the study area 

III. Methodology 

Rainfall data of Enugu were retrieved from 
Nigeria Metrological Agency archive (NIMET)Oshidi, 
Lagos for a period of 1916-2012 (97 years). Five (5) of 
the years had no record, these include, 1922, 1966, 
1967, 1968 and 1970. Records for these months were 
generated using the result of five years running mean. In 
isolated case, three years from before and two from 

after the year was taken or used in generating record for 
the missing months and years. 

The data were grouped into 25 years(exclusive) 
and the last of the four has 22 years. Relationship 
between the four groups was sorted by observing first, 
the differences in the mean of the groups. Secondly, the 
groups were collapse into two to find the significance in 
relationship using Pearson Product Moment Correlation. 
Note student‘t’ test and coefficient of determination shall 
be used to test the result. 

                                           Pearson Product Moment Correlation(r) = Ʃxy - n /nσxσy-------------------------------- (1) 

Each of the group mean ± the sample size 
depending on whether the GP > or < than the Gn . If 
GP >Gn  minus sample size from the group mean. 
Then subtract the Gn  from the result. If GP < Gn  
then adds sample size to GP  and subtract Gn .  

Seasonality index of RF (SIR) which refers to the 
tendency for a place to have more RF in certain months 
than in others is also calculated. Markham’s vector 
method of calculation is used. The SIR is obtained in 
percentage (%) with values ranging from 0 – 100. 

                                                SIR = VR * 100/MAR ……………………………………………………………………   (2)

Where SIR is the Seasonality Index of RF, VR is 
the Vector Resultant converted in term of the amount of 
RF. Note, vector lengths correspond to mean monthly 
rainfall. A circle proportionately divided into 12 sectors 
representing the twelve months of the year, the amount 
of RF is represented as a VR. MAR is the Mean Annual 
Rainfall. Srivastava (1975) and Markham ( 1970) used 
this method in their works. 

Graphs of the group data where plotted using 
Microsoft Excel. The result shows the trend in rainfall 
distribution over the study period. 

The seasonal, analysis will be carried out using 
graphs from the results of the four groups (1916-1940; 
1941-1965; 1966-1990 and 1991-2012). The seasonal 
pattern will be achieved using Group /General  * 
100, which is the percentage of seasonal contributions. 

Finally the onset, cessation and duration will be 
used to check for actual changes in climate, if there is 
any. Any trend develops tell the real rainfall pattern as it 
affects the climate and the economy. 
Walter (1967) formula was adopted. 
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                                                  Onset = NDM(51−𝑃𝑃𝑃𝑃𝑃𝑃)
𝑃𝑃𝑃𝑃𝐴𝐴

----------------------------------------------------------------------------    (3) 

Where NDM is the number of days in the month, 
51 is constant the amounts at which it was assumed 
that rainfall has started. Onset therefore is when the 
rainfall is = or > than 51mm. 

PAR, mean the previous accumulated rainfall 
before the 51 target was achieved. ARM is the amount 
of rainfall within the month that the target was achieved. 

ARM therefore is the actual rainfall as at the onset. 
Same formula appose to cessation. 

                                           Duration of rainfall= Cessation – Onset -------------------------------------------------------       (4)  

IV. Results and Dicussion 

a) Annual Rainfall 
The highest rainfall (RF) occurred during 1991-

2012, and the least was recorded during 1961-1990. 

Table 2 shows the mean, standard deviation, and 
coefficient of variation of Enugu RF during the study 
period. 

Table 1 : Enugu RF statistical data over the study periods

PERIOD 1916-1940 1941-1965 1966-1990 1991-2012 

TOTAL 45281.01 44156.55 42547.44 40091.3 

MEAN 1811.241 1740.02 1701.9 1822.333 

STD 302.691 272.0619 243.535 213.067 

CV 16.71 15.636 16.72 11.69 

Annual rainfall analysis shows that the four (4) 
Enugu rainfall groups has close mean over the study 
period. The fluctuation or changes in the mean is not 
directional, which implies that the difference in group 
mean rainfall is by chance. 

The groups are 1916-1940, 1941-1965, 1966-
1990, and 1991-2012. 1916-1940 has a mean rainfall 
distribution of 1811.24mm, 1941-1965 recorded 
1740.02mm of rainfall, 1966-1990 had mean rainfall of 
1701.9mm during the study period, and 1991-2012 had 
a mean rainfall occurrence of 1822.33mm for the 22 
years of study. 

Figure 2 shows the graph of the groups mean 
rainfall (RF) distribution during the study periods. 

The coefficients of variation (CV) of the above 
groups are very close. It shows a slow shift from the 
normal RF of Enugu. The study shows that 1916-1940 
has the lowest CV of 16.71%, 1941-1965 recorded 
15.64%. The highest CV was recorded during 1966-1990 
(16.72%) and 1966-010 had a CV of 11.69%. Note this 
explains the annual rainfall condition of Enugu and not 
the pattern or characteristics of Enugu RF. The highest 
CV was recorded during 1966-1990 with 16.72%, and 
the lowest CV was recorded during 1991-2012 with 
15.64% this implies that the RF varies less with lower CV 
and more with higher CV. 

Further analysis using the groups data, we 
apply the following rule, when the GP>Gnthen, 
GP – sample size –Gngives the require RF 
indicator. The result may be positive or negative or zero. 

If GP≤ Gn then adds sample size to GP and 
subtract Gn, the result could also be positive or 
negative. Positive result is an indication that rainfall 
pattern (i.e. onset will delay, cessation will be earlier and 
duration will reduce) will reduce, if negative it shows 
wetter condition (i.e. onset earlier, cessation late and 
delayed duration) an indication of increase RF. A scale 
of –15 to 15 shows the level of climate shift from the 
normal. 
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The group analysis shows a +0.01 result an 
indication of a very mild shift. Any increase in RF could 
be elusive, if the pattern continued for ¼ of a climate 
cycle (i.e. ¼*30yrs). The condition will trigger a 
reduction or drop in RF over Enugu and it’s environ. 

Statistical analysis using PPMC (Pearson 
Product Moment Correlation) shows a very negligible 
relationship between the climate groups during the 
study period. It was observed that r = -0.084, an 

indication of very mild reduction of RF distribution, this 
agrees with the trend line in figure 3. The coefficient of 
determination = 0.7%, this implies that the climate shift 
is explain by just 0.7% fluctuation in RF, this again in 
insignificant. The student’s’ test = 0.86 meaning that the 
result is not a product of chance. 

The RF occurrence over the years is shown in 
figure 3. The highest RF was recorded in 1920 and the 
least in 1983.  

Figure 3 : Enugu Mean Rainfall Distribution (1916-2012) 
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Figure 2 : Groups Mean RF Contribution during the study period



To establish further trend in the study over the 
96 years period under consideration, 5 years running 

mean was used. The result is shown in figure 4 as RF 
trend over Enugu. 
 

Figure 4 : Rainfall Trend over Enugu (1916 – 2012) 

b) Seasonal Rainfall 
The month of January and December had the 

lowest RF in the 97 years of study, while the highest RF 
was recorded in June and September. From figure 4 it 
was discovered that Enugu has double maxima type of 
RF pattern. In general sense of it, the break (dry spell) is 
longer than in the coastal areas of Nigeria. 

The rainy (wet) season months of April through 
October accounted for 83.3% of RF during the study 
period (1916-2012), while the dry season months of 
November through March contributed just 16.7% 
(28841.95) of the total RF during the study period. This 
implies an average of 297.34mm of RF very year. 

Figure 5 : Enugu mean seasonal RF distribution RF (1916-2012) 

Table 2 shows the total, mean, standard 
deviation (σ), and coefficient of variation (CV) of the 
various periods of study of Enugu RF.  
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 Table 2(a-d)

 

Table 2a

 

(1916-1940).

 The drier months has the highest CV, this 
implies that RF are very much unreliable during the dry 
season and more reliable during wet seasons.

 
Table 2b

 
(1941- 1965)

 

Table 2c (1966-1990) 
YEAR JAN FEB MAR APR  MAY  JUN  JUL  AUG  SEP  OCT  NOV  DEC  
Ʃ 257.02 470.56 1753.38 3194.74  5421.35  6572.37  6006.61  5819.78  7550.16  4941.65  413.33  146.49  

 10.2808 18.8224 70.1352 127.79  216.854  262.895  240.264  232.791  302.006  197.666  16.5332  5.8596  
σ 15.3537 25.7165 48.5039 56.0727  60.2441  88.7839  83.3844  103.081  86.3484  75.5455  21.9448  12.0235  

C.V 168.65 91.39 58.43 50.68  37.69  33.89  41.99  68.02  29.31  33.68  76.26  122.3  

Table 2d (1991-2012) 

The study shows that RF varies within months, 
years and seasons, the variation or fluctuation is natural, 
however, it was observed that dry months total RF is 
decreasing over the years. This is an indication that RF 
duration is reducing, therefore more of RF in and around 
Enugu may occur within very short period. This could be 
inimical to agriculture, water resources, soil conservation 
and transport industries. Short duration of heavy RF 
triggers flash flood, soil erosion and water logging which 
accentuates crop rotten and witting. 

Enugu RF shows close resemblance in climate 
pattern during the 97 years period of study. For instance 
the CV of the various time scale of study falls within 
certain % for both annual and seasonal distribution. The 
annual CV is lower than the seasonal CV. This implies 
that the annual RF is more reliable and predictable than 
the seasonal RF in Enugu. The annual (climatic) CV for 
the various study periods shows that, 1916-1940 
recorded 16.71%, 1941 – 1965had 15.64%, 1961-1990 
had 16.72% and 1991-2012 recorded 11.69%. The 
seasonal CV for 1916 – 1940 was 83.42%, 1941 – 1965 

had 80.49%, 1966 – 1990 recorded
 
85.67%, and 1991 – 

2012 accounted for 84.76%. Note the seasonal variation 
is higher than the annual variation because the 
differences between the wet season and dry season are 
compared in seasonal CV, while the differences 
between years are considered in annual CV calculation.

 The Seasonality Index of RF (SIR) summarized by each 
group mean record shows a slight variation. The period 
1916 – 1940 had a SIR of 19.89% (approximately 0.2), 
1941 – 1965 had a SIR of 20.38% (~ 0.2), 1966 - 1990 
SIR is 21.15% (~ 0.21), and 1991 – 2012 had SIR of 
19.77 (approximately 0 .2). The mean SIR for Enugu 
over the different time or climatic period was 20.30% (~ 
0.2). This implies that the seasonality index of rainfall 
varies very slightly. 

 c)
 

Onset, Cessation, and Duration of Rainfall
 Using the onset of RF for analysis, it was 

observe that the mean ( ) RF onset for 1916 – 1940 is 
12th

 
March (71) day of the year. From 1941 – 1964 the 

Month

 

JAN

 

FEB

 

MAR

 

APR

 

MAY

 

JUN

 

JLY

 

AUG

 

SEP

 

OCT

 

NOV

 

DEC

 
Ʃ

 

647.17

 

591.59

 

1859.6

 

3978.98

 

6060.57

 

6167.36

 

5425.51

 

4511.6

 

6743.64

 

6610.9

 

1229.69

 

329.94

 

 

25.887

 

23.664

 

74.384

 

159.159

 

242.423

 

246.694

 

217.020

 

180.464

 

269.746

 

264.436

 

49.188

 

13.198

 

σ

 

31.934

 

27.798

 

56.110

 

71.564

 

68.453

 

77.919

 

88.366

 

101.633

 

86.370

 

120.465

 

42.869

 

23.403

 
cv

 

123.359

 

117.470

 

75.433

 

44.963

 

28.237

 

31.585

 

40.718

 

56.318

 

32.019

 

45.555

 

87.153

 

177.322

 

 

Month
 

JAN
 

FEB
 

MAR
 

APR
 

MAY
 

JUN
 

JUL
 

AUG
 
SEP

 
OCT

 
NOV

 
DEC

 Ʃ
 

358.4
 

673.66
 

1942.89
 

3571.4
 

6524.963
 
7268.31

 
4660.79

 
4666.26

 
7858.15

 
6112.4

 
1291.03

 
352.76

 

 
14.336

 
26.946

 
77.716

 
142.856

 
260.999

 
290.732

 
186.432

 
186.650

 
314.326

 
244.496

 
51.641

 
14.110

 
σ

 
24.178

 
24.626

 
45.412

 
72.396

 
98.367

 
98.501

 
78.294

 
126.958

 
92.132

 
82.358

 
39.206

 
17.258

 
CV

 
168.62

 
91.39

 
58.43

 
50.68

 
37.69

 
33.88

 
41.99

 
68.02

 
29.31

 
33.69

 
75.93

 
122.32

 

YEAR
 

JAN
 

FEB
 

MAR
 

APR
 

MAY
 

JUN
 

JUL
 
AUG

 
SEP

 
OCT

 
NOV

 
DEC

 
TOTAL

 
221.4

 
296

 
1045.5

 
3535.2

 
5687.9

 
6043.5

 
6158.2

 
5213

 
6474.2

 
4913.3

 
423.4

 
79.7

 
MEAN

 
10.064

 
13.455

 
47.523

 
160.691

 
258.541

 
274.705

 
279.918

 
236.955

 
294.282

 
223.331

 
19.246

 
3.623

 
STD
 

16.876
 

16.217
 

37.287
 

54.420
 

71.830
 

63.75
 
70.515

 
87.700

 
75.773

 
76.429

 
25.663

 
9.222

 
CV

 
167.793

 
120.505

 
78.472

 
33.867

 
27.783

 
23.207

 
25.191

 
37.011

 
25.748

 
34.222

 
157.965

 
254.540
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onset is 18th March (77) day of the year. The result for 



  1961 – 1990 
 
onset is 18th

 
March (77) day of the year, 

and finally the 
 
onset of RF from 1991 – 2012 is 27th

 March (86) day of the year. The result shows a gradual 
but consistent shift in onset of RF in Enugu. The Onset 
of RF in Enugu over the study period shows a delay of 
about two weeks. This gradual shift can hardly be 

noticed by local people and farmers and thus may affect 
agricultural yield. The  Onset of RF during the study 
period is the 19th day of March (78) day of the year. The 
best onset period target would be 78± a week. The 
implication is that RF could start a week to or after the 
78th day of the year. 
 

Figure
 
6a :

 
Onset of RF over Enugu

 
Cessation or End of RF is analyzed, and it is 

discovered that the period 1916-1940 had a 
 

RF 
cessation date of 21st

 
October (294) day of the year. The 

period 1941 – 1965 recorded a 
 
cessation date of 26th

 October (299) day of the year. Similarly the period from 
1961- 1990 had a cessation 

 
date of 12th

 
October 

(285) day of the year. Finally, the periods between, 1991 
– 2012 was analyzed and it was observed that the 
cessation date was 10th

 
of October (283) day of the 

year. The 
 
cessation date for the study area during the 

study period is the 17th

 
day of October (290) day

 
of the 

year. The analysis shows a decrease in or an early 
cessation from 1941 to 2012. This implies that RF will 
cease earlier than expected, an indication or warning 
that late for late planting. There is need for water to be 
conserve which can be used after RF cessation.

 The two analyses gave a clear picture of RF 
condition or situation as it affects agriculture in Enugu. 
The annual RF

 
distributions above show an increase in 

amount of RF over the study periods. This increase 
could be as a result of flash storm for few days, weeks 
or a month.

 

Figure 6b : Cessation of RF over Enugu 

Finally Duration of RF was analyzed using the 
group data. It was discovered that from1916 – 1940, the 

 duration of RF was 223 days. Note, there is 365 days 

in a year, therefore 223 of 365 represents 61.10%. 1941-
1965 has  RF duration of 222 days, representing about 
61.07% of the year. The periods 1966 – 1990 recorded a 
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 RF duration of 208days representing 57% of the total 
years of study. Finally, 1991 – 2012 had  RF duration 
of 198 days, representing 54.3% of the years under 
consideration. These show a gradual but steady 
decrease in duration of RF over the study period. Note, 
the drop in RF duration from about 61% to about 54% is 

a clear indication that RF characteristics over Enugu is 
changing. The  RF duration from 1916 – 2012 is about 
213 days which represents about 58.36% of the years 
under review. The seven (7) rainy months of Enugu 
represents also about 58.33% of the months of the year. 

Figure 6c : Duration of RF over Enugu. 

The analyses so far shows that Onset of RF is 
late, the cessation or end is early, these are responsible 
for the reduction in RF duration over the study area and 
period. The climate of Enugu is gradually shifting, 
because alteration of existing RF pattern will also affect 
other climatic variables. This is a sign for more food, 
because the climate is shifting to that of the zone known 
as food basket of Nigeria. The climate has about five 
months of dry season or relative low RF, new crops like 
beans; soya bean can now be cultivated in and around 
Enugu.  

The RF condition of Enugu shows that policy 
makers, farmers, and developers need to consider the 
Onset of RF and End in their plan. For instance, in road 
construction especially the local roads, work should 
start about a week after End of RF. 

V. Recommendations and Conclusion 

The study observed a steady but gradual shift in 
RF characteristics/pattern over Enugu during the study 
periods, which suggest a likely change in climate in the 
future. Therefore adjustments should be made to 
accommodate changes observed. 

The work shows that annual RF cannot actually 
explain the RF condition of an area, not even the 
drought incidence especially agricultural drought. 
Because a heavy RF outside the target period will give a 
high annual RF which in actual sense cannot stop 
agricultural or climatological drought. Similarly, flood 
can occur even when there is low annual RF or drought 
within the same year. So, this study suggests that data 
on RF pattern be consulted before outdoor plans are 
carried out, especially on agriculture which is the 

mainstay of the people. Furthermore we call on policy 
makers; Agriculture and Environment Ministry, and 
Water resources managers to dully consult related RF 
and take into account the benefits and otherwise 
associated with decrease in duration of RF and increase 
amount of annual RF over Enugu. 

A fluctuation in annual RF occurrence is not 
characteristics of a climate change, besides climate 
change is not a threat to life and life style of the people 
of Enugu. Climate change (CC) portends threat or 
otherwise depending on the location and the 
environment. For people in the southern Guinea 
Savanna and Forest Vegetation of Nigeria CC will mean 
more time to work out door. 

This work will not relay on available literature in 
making speculation, because most of it discusses 
annual and seasonal RF, and fluctuation and trends in 
RF distribution over Northern part of Nigeria. However, 
food productions in Enugu have not been under 
threaten in anyway or has its food production 
diminished as a resulted of climate change with regard 
to RF. 

Enugu Ministry of Agriculture and Environment, 
should introduce crops that required less water and 
shorter period of maturity. 
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Abstract- Western Ghats is one of the biodiversity ‘hotspots’ of  
the world and currently, there is limited evidence on the status  
and dynamics of tropical forests in the context of human  
disturbance and climate change. This study presents the  
findings of the study conducted under a citizen science  
programme. The biomass and carbon stocks in the evergreen  
and deciduous forests of the study area are comparable to the  
standing biomass of other tropical forests and range from 344- 
417 tC. There are no major differences between carbon stocks  
in less and more disturbed forests, which is of significance,  
given the large dependence of communities on the more  
disturbed forests. Periodic and long-term monitoring of forests  
is necessary in the context of potential increased human  
pressure and climate change to plan and manage forests for  
mitigation as well as adaptation in a synergistic manner.  
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I. Introduction  

ropical forests play an important role in the global  
carbon cycle. The future role of tropical forests in  
the global carbon cycle and the climate system is  

a function of future deforestation rates and the degree to  
which remaining forests will be sustainable or even  
increase their carbon stock (Grace, 2004). Tropical  
biome conversion is estimated to be a source of 1.3  
GtC/year to the atmosphere during the period 1990- 
2005, whereas the intact tropical biomes are estimated  
to be a net carbon sink of 1.1 GtC/year, with a net  
source of   0.2   GtC/year  for  the  same  period   (Malhi,   
2010).   
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However, the carbon balance of the world’s terrestrial  
ecosystems is uncertain, especially that of tropical  
forests.  

Carbon is stored in forests predominantly in live  
biomass and in soils, with smaller amounts in coarse  
woody debris (Malhi et al., 2009). In tropical forests  
world wide, about 50% of the total carbon is stored in  
above ground biomass and 50% is stored in the top 1 m  
of the soil (Dixon et al., 1994). In this context, secondary  
forests are of particular significance with the proportion  
of tropical secondary forests projected to increase due  
to increasing anthropogenic pressure and movement of  
populations towards urban centers (Wright, 2005). It is  
thus important to assess carbon stocks and uptake in  
secondary forests.   

Western Ghats is one of the biodiversity  
‘hotspots’ of the world. Forests in the Western Ghats like  
elsewhere in India are on the one hand protected under  
the Forest Conservation Act of 1980, from conversion,  
and on the other hand subjected to human use and  
disturbance. Studies by Ravindranath et al., 2006 and  
Chaturvedi et al., 2011 have shown that forests are likely  
to be adversely impacted by climate change in the  
coming decades. Further, studies by Rosenzweig, 1995  
and Jandl et al., 2007 have shown that disturbed,  
fragmented and monoculture forests are likely to be  
more vulnerable to projected climate change compared  
to undisturbed forests. Currently, there is limited  
evidence on the status and dynamics of tropical forests  
in the context of human disturbance and climate  
change. Understanding of the forest dynamics is  
essential in order to arrive at precise rates of carbon  
fixation by a community and then applying it on a  
regional and global level for estimating the change of  
CO2

 in the atmosphere (Bhat et al., 2003). This study  
presents the findings of the study conducted under a  
long-term programme involving Indian Institute of  
Science, Earthwatch Institute and volunteer investigators  
from HSBC (Hongkong and Shanghai Banking  
Corporation Limited).  
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II. Materials and Methods  
a) Study area  

The Western Ghats in south-India is identified  
as one of the 34 biodiversity hot spots (Myers, 1990)  
and are important for providing multiple ecosystem  
services. In recent years, the Western Ghats have been  
subjected to intensive human disturbances apart from  
natural calamities leading to erosion of species  
richness, disruption of closed canopy, spread of  
invasive species, changes in structure and function.  
There are descriptive studies dealing with the qualitative  
aspects of the forests of the Western Ghats (Champion  
and Seth 1968, Rai and  Proctor 1986, Pascal and  

Pellisier 1996), but very few studies that have attempted  
quantitative assessment and dynamics of this region  
(Bhat et al., 2000a, Pomeroy et al., 2003 and Bhat et al.,  
2000b).  

Uttara Kannada district lies between 13° 55’ to  
15° 31’ N lat., 74° 9’ to 75° 10’ E long (Figure 1). A  
detailed description of the physical environment of  
Uttara Kannada district is available in Bhat et al (2000a).  
This district is richly endowed with forests and about  
75% of the total land area (10,291 km2) is forested. The  
vegetation of the district is of evergreen/semi-evergreen  
type along the slopes and towards the east of the ridge,  
it is moist deciduous (Pascal 1982, 1984, 1986).  

  
Fig. 1 : Uttara Kannada district showing broad vegetation  

  
b) Permanent plots  

Forest structure, species composition, and  
growth data was from 12 permanent plots established in  
representative areas in two forest categories namely, the  
evergreen and deciduous in Uttara Kannada district. In  
each forest category, plots measuring 100 m x 100 m  
(1-ha) were demarcated and in all, six 1-ha forest plots  
in three locations, representative of evergreen forest  
zone (Ekkambi, Tattikai and Hosur) and another six 1-ha  
plots (in three locations namely, Malgi, Hudelkoppa and  
Togralli), representative of deciduous forest zone were  
studied. At each location, two 1-ha plots were laid  
representing:  
a) Less disturbed system – farther from settlements or  

human habitation  

b) More disturbed system – in proximity to human  
habitation   

In the plots, woody plants, including tree  
saplings, lianas, and climbers >10 cm in Girth at Breast  
Height (GBH) were mapped and identified to the  
species level following Cooke (1967), and in case of  
uncertainty identified up to genera or family level. When  
there were branches, the branches with a GBH >10 cm  
were noted as stems and marked respectively as A, B,  
C etc., and GBH measured and recorded. A red strip  
was painted on each tree and stem at the breast height.  
Each tree was numbered with an embossed metal tag.  
GBH was measured at 1.3 m, except for trees with  
buttresses, where diameter was measured 10 cm above  
the buttresses to minimize errors in biomass estimates  
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(Murali et al., 2005). Girth measurements in the study  
plots were conducted during 2009-10 and 2011-2012.   

Basal area was calculated for the 12 one-ha  
forest plots located in evergreen and deciduous zones  
in Uttara Kannada district. Above ground standing  
biomass was estimated from basal area data following  
Murali et al. (2005). The carbon stock at each forest site  
was estimated assuming that it forms 45% of the  
biomass. Belowground biomass was estimated using  
the IPCC default factor of 0.26. Changes in biomass and  
carbon stock in the forest plots were computed by  
deducting the benchmark year values from the final year  
values. This included the contribution from recruits.   

III. Results  

a) Basal area  
Basal area is an indicator of growing stock and  

biomass production. Here we discuss the basal area  
across different forest types and disturbance regimes.  

Evergreen forest type: The basal area recorded across  
the 6 evergreen plots range from a high of 43.53 m2/ha  
in less disturbed Hosur plot to 34.68 m2/ha in Tattikai  
less disturbed plot for the base year-2009. However  
during 2011, highest basal area is recorded in less  
disturbed plot of Ekkambi. Across all the plots in  
evergreen forest type, higher basal area is recorded in  
the less disturbed plots as compared to more disturbed  
plots during 2009 as well as 2011, except in Tattikai  
where slightly higher basal area has been recorded in  
the more disturbed plot, only during 2009 (Figure 2).  
  
  

   

  
Deciduous forest type: Among the deciduous plots, 2- 
time enumeration has been carried out in all the plots,  
except Malgi less disturbed plot. In these plots, there is  
no clear pattern in that the basal area is higher in less or  
more disturbed plots during both the enumeration years.  
Highest basal area has been recorded in the more  
disturbed plot of Togralli during 2009, (Figure 2) while  
during 2011 Hudelakoppa less disturbed plot has the  
highest basal area. This is lesser than the maximum  
basal area recorded in Togralli during 2009.  

A comparison of basal area recorded during the  
two enumeration periods indicates increase in 4 of the  
11 locations while in others there is a very small to  

medium decrement in basal area, except Tattikai more  

disturbed plot among evergreen plots, wherein a 2.6 m2  

decrease in basal area is recorded and among the  

deciduous plots, this decrease is about 2 m2 in Malgi  

and Togralli more disturbed plots. Thus in all, increase in  

basal area is recorded in about one-third of the  

locations while in others there is a decrease, indicating  

mortality or loss of trees due to natural causes or  

removal by communities.   

Differences in basal area are mainly related to  

both the frequency of individuals and their size. In both  

the forest types across the 12 plots, trees >30 cm  

account for about 20% to 43% in evergreen plots, while  
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Fig. 2 : Basal area recorded in evergreen and deciduous plots during 2-enumeration periods



in the deciduous plots, it is 18% to 49%. A comparison  
of change in basal area between less and more  
disturbed plots indicates the following:  
i. Evergreen plots  

- Less disturbed: There is an increase in basal  
area in only one of the 3 less disturbed plots, no  
change in another and a slight decrement in  
Hosur. This possibly could be attributed to  
increase in access to the location where the plot  
was laid, as a result of a road laid.   

- More disturbed: There is an increase in basal  
area in 2 of the 3 locations and as mentioned  
above, there is a large decrement in Tattikai.  
The increase in basal area in 2 of the more  
disturbed plots could be attributed to  
disturbance-mediated accelerated succession  
(Dale et al., 2011, Bhat et al., 2011 and Marc  
and Michael, 1989). The decrease in basal area  
in Tattikai could be attributed to greater access  
of the plot by the communities, which supports  
several commercially important NTFP species  
such as Garcinia cambogea, Syzigium cuminii  
and Ziziphus rugosa.   

ii. Deciduous plots  
- Less disturbed: Of the 2 plots re-enumerated,  

an increase in basal area is recorded in one  
while in the other there is a decrease.  

- More disturbed: A decrease in basal area in all  
the 3 plots have been recorded indicating  
mortality and loss due to natural as well as  
anthropogenic reasons.   
Lower basal area results from indiscriminate  

logging, lower amount of precipitation, species  

composition, age of the trees, disturbance, succession  
stage of the stand and sample size (Sundarapandian  
and Swamy, 2000 and Swamy et al., 2010). According  
to Brown and Lugo (1990), recovering forests after  
previous disturbance accumulate more biomass and  
carbon. In this study, there is evidence to indicate both,  
probably due to difference in the intensity of pressure.  

b) Biomass  
Biomass is calculated using the Murali et al.  

(2005) equation based on basal area.   

  

The biomass so calculated is the aboveground 
 

biomass. Using an IPCC default factor of 0.26 (IPCC, 
 

2006), the belowground biomass was estimated and the 
 

total living biomass calculated.
  

i.
 

Evergreen plots
   

 
 

  
 
 
 

  

A comparison of biomass during the two 
 

enumeration periods indicates increase in biomass over 
 

a 2-year period by about 0.7 (Hosur more disturbed) to 
 

2.3% (Ekkambi less disturbed) in 3 of the 6 plots while in 
 

the remaining three a decrement in biomass by a 
 

negligible 0.1% (Tattikai less disturbed) to as high as 6% 
 

(Tattikai more disturbed) is recorded.
  

  

Fig. 3 :
 
Biomass estimates of evergreen and deciduous forest plots
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The biomass estimates for the evergreen plots 
ranges between 349 tonnes in Tattikai less disturbed 
plot to 408 tonnes per ha in Ekkambi less disturbed plot 
during the baseline enumeration year of 2009. However 
during 2011, least biomass is recorded in Tattikai more 
disturbed plot and the highest is in both Ekkambi and 
Hosur less disturbed plot (Figure 3).



The average biomass stocks across the less  
disturbed evergreen plots during 2009 is 393 tonnes/ha  
and the same is slightly higher at 394 tonnes/ha during  
2011. Conversely in the more disturbed evergreen plots,  
as one would expect the average biomass is lower than  
that of less disturbed plots (368 tonnes/ha) and the  
same decreases to 364 tonnes/ha by 2011. Overall the  
biomass stocks in the evergreen plots was 381±28.8  
tonnes/ha during 2009 while in 2011 it is 379±32.6  
tonnes/ha.  

ii. Deciduous plots  
 
 
 
 

  
Among the less disturbed deciduous plots, the  

average biomass is about 367 tonnes/ha and the same  
shows a very slight decrease over the 2-year period of  
2009 to 2011. However in the more disturbed deciduous  
plots, the average biomass recorded in 2009 is 355  
tonnes/ha and the same decreases to 339 tonnes/ha in  
2011. Overall, the average biomass recorded in the  
deciduous plots is 360±29.0 tonnes per ha during 2009  
and the same decreases to 350±29.7 tonnes per ha  
during 2011.   

c) Carbon  
Forests provide several goods and services that  

are crucial to human survival. They are one of the  

world’s major carbon stores, containing about 80% of  
above-ground terrestrial biospheric carbon and 40% of  
terrestrial below-ground carbon (Kirschbaum et al.,  
1996). Forests play an important role in the global  
carbon cycle. Forests, like other ecosystems, are  
affected by climate change and are either negatively or  
positively impacted. Forests in turn influence the climate  
and climate change process. Quantifying the role of  
forests as carbon stores, as sources of carbon  
emissions and as carbon sinks has become one of the  
keys to understanding and influencing the global carbon  
cycle.  

In the forest plots of Uttara Kannada, carbon  
stocks are estimated from the biomass values  
calculated using the biomass equation, following Murali  
et al. (2005). Carbon is calculated using the IPCC  
default factor of 0.45.   

As can be seen from Table 1, the biomass  
carbon in the evergreen forest plots ranges from 157  
tC/ha in Tattikai less degraded plot to 183 tC/ha in  
Ekkambi less disturbed plot during 2009. During 2011,  
the carbon stocks in the same plots range from 155  
tC/ha (Tattikai more disturbed plot) to 188 tC/ha in both  
Ekkambi as well as Hosur less disturbed plots. It is to be  
noted that in Tattikai more disturbed plot, the carbon  
stocks have remained stable at 157 tC/ha, indicating no  
additional loss that could not be compensated by  
recruits.   

  

Table 1 : Carbon stocks in aboveground and belowground biomass during 2009 and 2011 in evergreen and  
deciduous forest plots  

Location 
Stem density 

Aboveground 
biomass carbon 

Belowground biomass 
carbon 

Total biomass 
carbon 

2009 2011 2009 2011 2009 2011 2009 2011 
Evergreen forest plots 

Ekkambi - LD 1131 1087 146 149 38 39 183 188 
Ekkambi - MD 1692 1656 128 130 33 34 161 164 

Hosur - LD 1457 1409 151 149 39 39 190 188 
Hosur - MD 2146 2089 136 137 35 36 172 173 
Tattikai -LD 2184 2131 125 124 32 32 157 157 
Tattikai -MD 3219 2920 130 123 34 32 164 155 

Deciduous forest plots 
Malgi -MD 451 468 128 121 33 32 161 153 

Hudelakoppa_LD 1288 1382 133 134 35 35 168 169 
Hudelakoppa_MD 1573 1489 112 109 29 28 141 137 

Togralli -LD 1566 1647 129 127 34 33 163 160 
Togralli -MD 1388 1515 140 134 37 35 177 168 

Similarly in the deciduous forest plots, the  
carbon stocks range from 141 tC/ha (Hudelakoppa  
more disturbed) to 177 tC/ha in Togralli more disturbed  
plot during first enumeration in 2009. During the second  

enumeration in 2011-12, the stocks in Hudelakoppa  
more disturbed plot have further reduced to 137 tC/ha,  
indicating disturbance, that led to loss of biomass and  
this loss has not been compensated by the recruits as in  
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Among the deciduous plots, the highest 
estimated biomass is in more disturbed Togralli plot 
(393 tonnes/ha) and the least is in Hudelakoppa more 
disturbed plot (314 tonnes/ha) during 2009. The same 
trend continues even in 2011 (Figure 3).



the case of evergreen plots. In Togralli more disturbed  
plot that recorded highest biomass during the year 2009  
also, there is a decrease in the carbon stocks (loss of 9  
tC/ha over a 2-year period). Highest stocks are  
estimated to be in the Hudelakoppa less disturbed plot.  

Interestingly, the average carbon stocks in the  
less disturbed evergreen as well as deciduous plots are  
stable over the 2 enumeration periods. It is 177 tC/ha in  
evergreen and 165 tC/ha in deciduous plots during 2009  
as well as 2011. However there are differences in the  
carbon stocks in more disturbed forest plots of both  
evergreen as well as deciduous; a decrease in stocks is  
recorded. Overall, the stocks in the evergreen plots  
(both less and more disturbed plots together) have  
remained stable at 171 tC/ha while in the deciduous  
plots, there is a loss of about 4 tC/ha over the 2-year  
period, with the loss being highest in Togralli more  
disturbed plot.  

IV. Discussion and Conclusion  

Tropical forests are one of the richest and  
complex terrestrial ecosystems supporting a variety of  
life forms and have a tremendous intrinsic ability for self- 
maintenance. However, many of these forests are losing  
this ability due to excessive biotic interferences such as  
anthropogenic perturbations and uncontrolled grazing.  
Consequently, these forests are disappearing at an  
estimated rate of 15–17 Mha/year (FAO, 1995).  
Furthermore, this comes at a time when our knowledge  
of their structure and functional dynamics is woefully  
inadequate (Hubbel et al., 1992 and Sundarapandian  
and Swamy, 2000). The conservation of biological  
diversity has become a major concern for the human  
society. Generation of structural status and functional  
dynamics of forests is essential for biodiversity  
conservation and sustainable management of fragile  
ecosystems. This study is a step towards generation of  
such information needed for planning, management and  
conservation of forests.   

The biomass and carbon stocks estimated in  
the evergreen and deciduous forests show that tropical  
secondary forests are indeed storehouses of carbon.  
The biomass estimates of the evergreen forests in the  
present study (344-417 t/ha) are comparable to the  
standing biomass of other tropical forests such as that  
reported by Proctor et al. (1983) for tropical rainforests  
of Sarawak in Malaysia and tropical wet evergreen  
forests of the Western Ghats (439-587 t/ha) by Swamy et  
al. (2010). These estimates are all also within the range  
of values reported for other primary neotropical forests  
(Brown et al., 1995, Gerwing and Farias, 2000, Chave et  
al., 2001 and Keller et al., 2001).   

Interestingly, the stocks in the less and more  
disturbed forests are not very different despite the  
greater dependence of communities on the more  
disturbed forests. This is a very important finding in the  

context of the region which is reported to have about  
50% of households to be dependent on forests for a  
range of forest products (Murthy et al., 2005 and Murthy  
et al., 2014). This is an indication that communities are  
not over or unsustainably extracting forest produce.  
Periodic and long-term monitoring of the status and  
dynamics of the forests is however necessary in the  
context of potential increased human pressure and  
climate change in order to plan and manage the forests  
for mitigation as well as adaptation in a synergistic  
manner.  
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  Abstract- A phenomenon emanating from surface and ground water before dawn was 

investigated
 
in Italy and Canada.  During this phenomenon, rooms adjacent to water sources 

were filled with pulsed clouds of green particles which were identified as ground energy by 
persons sensitive to qi phenomena. Individual pulses lasted approximately 30 minutes and were 
repeated several times nightly. Their relative timing appeared to be part of a 24-hr cycle of sky 
and ground energies which was consistent between nights, and particularly strong in spring and 
early summer. We hypothesize that sky energy impacts Earth as radiation from the centre of the 
Milky Way, and is either

 
converted into ground energy, or displaces ground energy from

 
sub-

surface geoflora above the surface of the ground.
 
One strong nightly pulse of tinnitus was 

provisionally identified with a cosmic source, due to its occurrence 4 minutes earlier on 
successive nights.
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Night Time Pulses of Ground Energy Associated 
with a Celestial Source; A Comparison of 
Observations from Locations in Italy and 

Canada
John F. Caddy α & Robert W. Elner σ 

Abstract- A phenomenon emanating from surface and ground 
water before dawn was investigated in Italy and Canada.  
During this phenomenon, rooms adjacent to water sources 
were filled with pulsed clouds of green particles which were 
identified as ground energy by persons sensitive to qi 
phenomena. Individual pulses lasted approximately 30 
minutes and were repeated several times nightly. Their relative 
timing appeared to be part of a 24-hr cycle of sky and ground 
energies which was consistent between nights, and 
particularly strong in spring and early summer. We 
hypothesize that sky energy impacts Earth as radiation from 
the centre of the Milky Way, and is either converted into 
ground energy, or displaces ground energy from sub-surface 
geoflora above the surface of the ground. One strong nightly 
pulse of tinnitus was provisionally identified with a cosmic 
source, due to its occurrence 4 minutes earlier on successive 
nights.   

I. Introduction 

any powerful taboos circumscribe where 
scientists can legitimately direct their attention.  
The difficulty of publishing on new issues with 

subjective elements is why progress in ‘paranormal’ 
studies has been slow. Although the following study 
does not meet the criteria of ‘objective science’, we 
propose hypotheses to describe real phenomena. We 
believe that in the past these phenomena were 
important for practical and religious reasons, and 
formed a component of traditional knowledge over 
millenia, that should not be ignored by Science. 
Because of their cultural significance, we encourage 
further testing by those capable of doing so.  

Carl Woese (Anon 2013a) summarized our point 
of view as follows: "In my opinion, there exists a prima 
facie case that many of the phenomena associated with 
that special energy the Chinese call Qi are real. They are 
deeply interesting and, therefore, they invite, indeed 
require, investigation by Western science”.  We concur 
with this, and are convinced that some traditional beliefs 
of  ‘primitive’   peoples  reflect  realities  that  only  those  

 
 

 
 

 
 

  

sensitive to qi phenomena can experience. Excluding 
reports on such investigations, even when the role of 
working hypotheses is  emphasized,  is  not  in the  long 
term interest of Science. Our study suggests that there 
is a direct influence of the Black Hole at the centre of our 
galaxy, the Milky Way, on us and our world. This 
intensive source of various kinds of radiation has been 
confirmed by Astronomers, but reports on human 
sensitivity to cosmic qi, prana or orgone (commonly-
used names for this phenomenon) with minimal 
equipment, are given here. We describe first (and most 
importantly) a phenomenon that both authors 
encountered, namely, upsurges of ground energy in two 
different parts of the world, and investigated the timing 
of these upsurges. We suggest a novel mechanism that 
concurs with some astronomical observations, and with 
several traditional views of cosmic energy. 

a) The Events 
Both authors have particular sensibilities. The 

first author developed these by 15 years of attention to 
acquiring non-ordinary perceptions of qi or prana 
phenomena (see Caddy 2006). The second author’s 
sensibilities are particularly acute after expeditions into 
the Amazon rainforest over the last 20 years. Some of 
his early experiences correspond to traditional beliefs of 
indigenous peoples, and could assist in interpreting the 
phenomena shared by both authors in this essay.  

The main phenomenon encountered in April 
2012 on different continents occurred just before dawn 
in each respective time zone.  Both of their bedrooms 
were filled with a cloud of green particles emerging from 
the floor or a green mist coating the furniture, identified 
in both cases, as manifestations of ground energy. 
These incursions each lasted about half an hour before 
slowly subsiding. The first author confirmed that this was 
not a mental aberration by placing his Egely wheel 
(Egely 1994) on a table where it registered a low-
moderate level of qi energy at the time of the inflows. 

The first author described how on occasions in 
April 2012, specific imagery was seen among the 
turbulent flow of particles emerging from the tiled floor. 
This suggested a biological and/or mineral connection, 
as illustrated later in Fig 9. This was accompanied by a 
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prickling sensation on the face, and a rise in the tinnitus 
pitch when encountering high levels of qi. The 
observations of the second author at a similar local time 
mirrored those of the first, although, as noted, the green 
cloud was seen as a green mist covering surfaces in the 
bedroom.  

The first author’s bedroom is on the ground 
floor of a house south of Rome, Italy, in a narrow valley 
outside Ardea in Latina. It sits near the bottom of a steep 
decline ending in a shallow stream, before the land rises 
steeply to another hill (Fig 1). The local water table is 30-
40 meters below the house.  The second Italian location 

is approximately 100 km distant, outside Tolfa, again in 
a ground floor bedroom on a hillside, 500m above sea 
level. Here there is a slow slumping of material due to 
downhill water runoff in the winter months. The second 
author’s bedroom is on the first floor of a house in 
Vancouver, British Columbia, Canada, with a large pond 
system in the garden. Interestingly, the observations and 
their timing relative to the local 24hr cycle were 
consistent between locations, suggesting a 
phenomenon of global occurrence below the earth’s 
surface. 

   
 

II. Methods 

The first author learned a technique of dowsing 
vital energy from a master dowser, Mauro Aresu, (Aresu 
1995) in Sardinia, and found this useful for estimating 
the qi energy of a variety of phenomena (described in 
Caddy 2011). The dowsing fork is rotated between the 
hands after asking the subconscious to provide a score 
for the phenomenon in question. The number of 
rotations achieved before the wand is blocked by the 
subconscious, represents the intensity of the 
phenomenon investigated.  While standing in the same 
position in the open, the questions asked were: ‘What 
intensity of sky energy is falling here? – and after this 
reading was taken, asking: ‘What intensity of ground 
energy is emerging here?’ While doing so, he was aware 

of a faint vertical striation of the air which is described on 
p. 174 of ‘A Return to Subjectivity’: “As night fell, swirling 
banks of energy rose from the forest floor and dispersed 
at 2-3 metres off the ground, fed by upward spurts of 
sparks from the damp mossy soil”. 

a) A time series of readings of chi energy 
Readings were taken at different times in a 24-

hr cycle over the period 11-29 April 2012 outside the first 
author’s house in Ardea. The readings taken at different 
times of day on different days were assembled later on 
a 24-hr time scale, since it would have been 
physiologically stressful to record data every hour over a 
single 24-hr cycle. The resulting data points are given in 
thousands of Bovis Units (BU), the standard dowsing 
scale (Bovis scale 2013), where 7-8 rotations (7-8000 
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Night Time Pulses of Ground Energy Associated with a Celestial Source; A Comparison of Observations 
from Locations in Italy and Canada

Fig 1 : Position of the first author’s house near Ardea, Italy, and an impression of the stratigraphy underlying the April 
2012 observations of ‘green clouds’



BU’s) of the wand imply a normal (unemotional) level of 
energy, while readings above or below 7-8000 BU’s 
imply, respectively, an exciting or depressing impact.  

Figures 2 + 3 show that average-high ground 
energy scores are associated with low sky energy 
during the hours of darkness, while scores of sky energy 
peak rapidly at dawn and decline slowly through the 
afternoon and early evening (dusk), with a smaller peak 
in the afternoon. Although the trend line did not vary 
radically from 7,000-8,000 Bovis Units, low scores of sky 
energy were recorded at night, and very low scores in 
predawn hours. The 04.30-05.00 am pre-dawn peak of 

ground energy coincided with one of the ‘events’ 
described earlier, the emergence of ground energy from 
the floor of the author’s bedroom. At dawn the sky 
energy level shot rapidly upwards as ground energy 
levels collapsed. (It is worth noting that the high sky 
energy readings at dawn confirm that it is not ‘light’ 
being measured; this peaks at mid-day.) An auditory 
‘champagne bubble’ effect was typical of high sky 
energies, while the very high level of ground energy 
observed (40 BU) was registered by a less pleasant 
lower tinnitus sound.  
 

  

Fig  2. :  A) and B)
 
Scores of ground

 
(above)

 
and sky energy (below) – in thousands of

 
Bovis

 
Units outside

 
the house 

in Ardea, Latina
 
of the first author in April 2012 (darkness hours shaded)
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Fig 3 : Ratio of scores of sky/ground energy readings over a 24-hour cycle at Ardea during April 2012 

b) Timing the arrival of energy pulses 
Other events might lead to pulses of ground 

energy. Subsurface soil bacteria and the root systems of 
plants are sensitive to ground vibrations, such as those 
caused by a series of earthquakes described near 
Modena, Italy in April-May (CSEM/EMSC 2013). Such 
seismic events might have been responsible for initiating 
the pulses of ground energy experienced. The data 
available are first discussed in light of this hypothesis. 

The arrival of a ground energy pulse while the 
first author was sleeping, was detected by a strong 
tinnitus ringing in his ears that awakened him. He then 
became visually aware of a ground energy outflow from 
below the floor of the dimly lit bedroom and noted down 
the time. Several pulses lasting 20 min to half an hour 

before weakening slowly, were detected nightly. 
Although no specific note was made of the duration of 
each pulse, these seemed stronger and more frequent 
in April-May when vegetative growth was underway, than 
in June-July when high temperatures and an absence of 
rainfall prevailed, and weakest in hot, dry August. The 
number of pulses detected during the post-midnight 
hours (after he went to bed) varied from 1 to 5 (Fig 4), 
but there may have been pulses before midnight and 
after 7 am that were not investigated. The earlier pulses 
recorded are judged less reliable, since they depend on 
the variable time the author remained awake. Other 
evidence obtained by dowsing (Fig 2), suggests that 
ground energy mainly rises above ground in the hours 
of darkness.  
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Night Time Pulses of Ground Energy Associated with a Celestial Source; A Comparison of Observations 
from Locations in Italy and Canada

Fig  4. : Times of occurrence of tinnitus episodes (hours after midnight) in the bedroom of the first author in Ardea, 
Italy May-June 2012. The four regression lines suggest that the causative agent is closely scheduled, and repeats 
nightly at approximately the same times. However, the slopes of the upper two linear regressions average close to -
0.04, a criterion suggesting a causative connection with some cosmic phenomenon
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Fig 5. : Times of occurrence of personal tinnitus episodes in the bedroom of the first author in Tolfa, Italy, over the 10 
day period from 18 July. From the bottom up, the lines represent distinct episodes occurring at close to constant 
times throughout the night from midnight (0 hr) onwards. (The third line from the top, as for the upper 2 lines in Fig 4, 
is a ‘cosmic’ series with a slope of -5.25 min/day, not far from the criterion of -0.04 mentioned in the caption of Fig 4)

One hypothesis is that the sequence of 
successive observations during the night shown by 
each regression line in Figs 4-5, represents a separate 
‘event’, scheduled separately in time. The timing of each 
series is largely constant on successive nights, making 
data from individual pulses readily identifiable. As noted, 
the first hypothesis considered was that the pulses 
reflect underground movements of tectonic plates in 
Northern Italy where extensive earthquakes occurred in 

April 2012. The phased timing might reflect the travel 
times of signals from distant quakes through different 
ground strata. However, examining the timing of quakes 
in the official record showed no dominant hour of 
occurrence. Also, there was no obvious correlation
between the hours when quakes were experienced near 
Emilia (effectively these occurred throughout 24 hrs), 
and the time of occurrence of ground energy pulses, 
even allowing for travel time from Emilia (Fig 6).  

Fig 6. : Number and dates of quakes registered in Northern Italy (CSEM/EMSC 2013) and numbers of personal 
observations per night of ground energy pulses in Ardea, Italy



A graph of the number of quakes registered by 
experts in Emilia (up to 100+/day-) suggested that my 
observations were not  caused by tectonic movements. 
Although a sensitivity to earth movements in ground 
energy production is not excluded, the quakes (mostly 
less than 4 on the Richter scale) are unlikely to be 
detectable given the hundreds of kilometers of our 
observation point from Emilia. Shown below, is an 
estimate of possible travel times between Emilia and 
Ardea, using statistics for velocity of seismic waves 
given in Wikepedia. These suggest rejecting this 
hypothesis.  

Table 1 :  Published velocities of seismic waves (from 
Wikipedia), and their presumed travel time between 

Emilia and Ardea 

  
 

   

 
  

 

The distance of the main quake center in N. Italy 
from Ardea is approximately 390 km. At a travel speed 
of 2-8 m/sec, (quoted from Wikepedia for underground 
shock waves), this would make the total travel time of 
the order of 13-54 hrs – i.e., up to 2 days. The peak in 
number of shocks identified by Italian authorities (a 
maximum of 120 shocks occurred on the 29 May), 
occurred approximately 2 weeks before the peak 
number of ground energy pulses were registered as 
tinnitus episodes in Ardea, rather than just 1-2 days. 
This estimated travel time seems too slow for these 
seismic events to be the source. (In fact, the repetition of 
night time tinnitus episodes in 2014 in the absence of 
strong seismic events confirms the validity of this 
rejection). 

It seems important to establish why individual 
sequences of pulses arrived at more or less the same 
time on successive days (Fig 7). Why the time of arrival 
of ‘secondary pulses’ increased at a seemingly constant 
rate for some sequences of observations, and 
decreased for the main pulse of energy we began to  
call ‘cosmic’, remains in part a mystery.  
 

Fig 7. : Histogram of time intervals between sequential series of energy pulses

c) A cosmic or a terrestrial source? 
The upper series of observations shown in Figs 

4 and 5 were the most powerful pulses, and were 
continuously delayed over time. Their slopes were 
equivalent to a critical event occurring approximately 4 
minutes earlier/day (Fig. 4) at Ardea, and fairly close to 
this in Fig 5 for observations at Tolfa, Latina. The other 
lines showed either a slight progressive delay in timing, 
or  a constant timing of onset of the tinnitus episodes. 

Relevant here is recent evidence supporting the 
view that there is a biomass of bacteria below the 
earth’s surface down to 2 km that is at least equal to the 
biomass of plants and animals on the Earth’s surface 
(Anon 2013b). Fierer et al. (2009) contend that: ‘50% of 
animal biomass is also found below ground’. The three 
locations where observations were made have ground 
or surface water present, supporting an abundance of 

microfauna and flora and the roots of macroflora. One 
reasonable assumption could be that subterranean 
bacteria use qi for distant messages, since relying on 
chemical messengers alone may not be ineffective if 
bacteria are dispersed through a rocky medium. A 
quote from Anon (2011) is that: “There is a greater 
concentration of prana just above the ground than in the 
air. The density of prana just above the ground is about 
four or five times greater than the prana contained in the 
air”. Heavy ground energy, which is what we 
provisionally identify the signals to consist of, is 
presumed to be associated with living organisms, 
possibly living below ground (e.g., Fierer et al. 2009). 
One hypothesis we considered was that the sudden 
compression caused by earthquakes would affect 
organisms such as geobacteria, plant roots or 
microfauna adversely, suggesting that they may have 
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Documented speeds          Elapsed time (hr)
         m/sec                   Km/hr                                             
2 7,2 53,9

8   28,8 13,5



been induced to send out a pulse of qi. On the other 
hand, the hypothesis of a transmission of qi energy over 
hundreds of kilometers from Emilia from mainly weak 
earthquakes, picked up locally by below-ground 
organisms which in turn exude qi energy, seems 
improbable. This led us to discount seismic phenomena 
as the cause for individual qi pulses. Further evidence 
that seismic events were not immediately responsible for 
the pulses was the fact that they persisted months and 
years after seismic activity in Emilia had effectively 
concluded.  

d) An astronomical coincidence? 
Qi energy has been observed by ‘sensitives’ to 

be associated with both life forms and certain mineral 
strata. On this occasion the observation of qi emerging 
from the Earth’s surface suggested that if an 
astronomical effect is occurring, the observed 
phenomenon must be secondary to a primary source of 
radiation. This is hypothesized to be sky energy falling 
on the dark side of the planet from the galactic centre 
(Fig 8).  

Referring to ground energy, a phenomenon 
registered by 2 independent observers at different 
global locations, at roughly the same local time of day, 
invokes the possibility of a diurnal or astronomical 
causality. A biological consequence of an astronomical 
phenomenon was hypothesized as a possible causal 
function for the timing of the ’cosmic’ energy pulse. 

e) Galactic radiation 
Cosmic rays and gamma radiation from the 

galactic centre are understood as a potential threat to 
life on Earth but we are protected by the 
magnetosphere. The centre of the Milky Way is the key 
source of this high-energy radiation. What other 
radiation may accompany this electromagnetic and 
particle bombardment is a more open question. 
Considering that some of the billions of planets in the 
galaxy must contain life forms, it is not improbable that a 
radiation of subtle sky energy or prana is also arriving on 
our planet. That this comes from space is an ancient 
Tibetan and Incan belief, and the Mayan civilization 
considered the Milky Way as a centre for the life force. 
Considering the Milky Way as a possible source of this 
radiation, we learned of a discovery by Spottiswoode 
(1997) that cosmic sources of radiation affect human 
Extra-Sensory Perception (ESP). Together with the 
similar cosmic timing of a source of global radio 
interference discovered earlier, this effect is repeated 
every 23 hours and 56 minutes, and the time scale is 
now referred to as LST (Local Sidereal Time): the time 
kept by celestial bodies. The LST cycle was used to 
explain Spottiswoode’s analysis of when Extra-Sensory 
Perception (ESP) practitioners are "more" or "less" 
accurate in their ESP ability. Peak ESP efficiency 
occurred when the centre of the Milky Way was on the 
horizon, rather than directly overhead. This suggests 

that a form of radiation interfering with paranormal 
mental processes originates at the Galactic centre, 
hence is strongest when the centre of the galaxy is 
overhead. It is our hypothesis that sky energy from the 
galaxy induces the pulses of ground energy we have 
been sensing. The time of emergence of ground energy 
on our nighttime surface of the planet peaked before 
dawn on April 11-25th 2012, and we assumed that a 
peak in sky qi energy from the Milky Way impinging on 
the nighttime side of the planet was responsible.  

In consequence, we hypothesize that light sky 
energy impacting the Earth has either been converted to 
heavy qi energy below the earth’s surface, or has 
displaced below-ground heavy energy to above the 
planetary surface. According to this hypothesis, a night-
time ‘tail’ of heavy energy is extruded on the night side 
of the planet either as a consequence of radiation from 
the Milky Way or other cosmic sources (Fig  8).  

 
 

  

 
 

f) Some tentative conclusions 
‘Real life' experiences leading up to this text 

demanded answers and explanations which were not 
found in the scientific literature. However incomplete the 
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Fig 8. : A polar view of the Earth, hypothesizing 
successive sky and ground energy domination at any 
point on the planetary surface caused by an external 
radiant source of sky energy; the centre of the Milky 
Way. This is postulated to impact the rotating planet, 
and make dynamic changes to the distribution of sky 
and ground energy. (Zig-zag lines indicate solar and 
galactic distances)



data sources, we used them together with original 
hypotheses in arriving at a tentative explanation for our 
nighttime ‘green energy' experiences. These we 
concluded result from the incidence of sky energy 
originating from the centre of the Milky Way: though 
what form this energy comes in is left unresolved. On 
one occasion, in April, a vision of the clouds of qi energy 
emerging from the ground was mixed with what 
appeared to be images of crystals, small arthropods, 
and tufted mosses (see first illustration in Fig. 9), and 

there were even olfactory hallucinations experienced by 
the second author at the time of energy emergence. On 
other occasions, the energy emerged from the tiled floor 
in columns, consisting of what seemed to be 'bubbles' 
of particles (2nd of Fig. 9). On the night of April 13, a 
particularly powerful energy inflow continued longer than 
previously, and the last image in Fig. 9 was recorded. 
The previous three days had been humid, and the 
impression at the time was that the vegetation in the 
garden was experiencing a rapid growth spurt. 

 

Fig. 9. : Three personalized images sketched by the senior author, as experienced during the ‘green cloud’ 
phenomenon described in the text

III. Discussion 

Some ancient belief systems appear relevant to 
an interpretation of our findings.  According to ancient 

Chinese beliefs, qi is the energy or natural force that fills 
the Universe, and occurs in three forms and places; 
heaven, earth and humans. This opinion, especially 
when expressed by wise persons in the pre-scientific era 
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was undoubtedly influenced by their greater capacity to 
sense vital energy, uninhibited by the materialism that 
now underlies western ‘objective’ observations. Hence, 
the method and the phenomena detected, as described 
in this paper, are believed to recreate procedures used 
by our ancestors much earlier in time. They raise 
important questions about physical and spiritual reality 
which appear to be supported by traditional beliefs, and 
opinions of modern persons with psi sensibilities. These 
range from the 'sky qi' of ancient Chinese, Incan and 
Indian sages, to the dark energy and dark matter of 
current astronomical theory, with at least the possibility 
that the ancient and modern conceptions refer to the 
same thing. In fact, an analogy was proposed by Das 
(2013)  between the ‘primordial’ energy (e.g. Prana, chi 
or qi) visualized by many ancient cultures, and the ‘dark 
energy’ considered the solution to the ‘missing mass’ 
problem of the Universe, which according to 
astronomers, accounts for more than 90% of the mass 
present. 

In relation to our observations, we outline here 
some ancient beliefs on the two categories of pranic 
energy we mention, for example, that 'light' or sky energy 
emanates from the sky and is considered spiritually 
uplifting. Ground energy is sky energy which has been 
modified by contact with biological or emotional 
phenomena. It is associated with the earth's surface and 
subsurface, and the plants and animals encountered 
there, and in some traditions is also a product of strong 
emotions. For our species, qi energy is encountered 
where subsurface strata are interrupted (e.g. from wells), 
at ceremonial locations, or in human habitations, ancient 
and modern. Implicit in all this, and factual in our 
opinion, is the associated sensation that there is an 
'aura' of vital energy lying around and under the earth's 
surface that some associate with the Earth Goddess 
Gaia.  

Numerous ideas based on traditional beliefs in 
earlier societies support the suppositions presented 
here. In the Incan tradition, light energy (or ‘sumi’) is a 
refined form of qi that rains down from outer 
space…heavy energy (or Incan ‘huchi’) is ‘sticky’, and 
held close to the ground by a force analogous to gravity. 
This suggests an analogy between ‘heavy’ or ground qi, 
which is associated with physical objects or persons, 
while light or sky qi is presumed to be of galactic origin. 
After contact with the earth’s surface, light energy may 
be converted to heavy or ground energy: a 
phenomenon known to Tibetan and Incan sages. (See 
Chakana 2011 for a discussion of the energy traditions 
of mountainous regions).  ‘Heavy energy’ is 
accumulated on and below the surface of the earth, and 
also stores emotional events and conceptual structures 
which become embedded in the qi field of Gaia. The 
identity and interchangeability of the two forms of qi is 
asserted by Incan shamans, who suggested that 
touching ‘magic stones’ (meteorites) discharges the 

heavy pranic energy from the human body accumulated 
through stressful experiences. We are convinced that 
traditional beliefs also reflect the reality that only those 
sensitive to qi such as Qi Gong practitioners (e.g. Yan 
Xin 1999), can consciously experience subtle energy 
phenomena. 

The dichotomy of after-life destinations some 
religious mythologies including modern religions, have 
postulated, seems at first sight to reflect beliefs as to the 
structure of the energy sheath of our planet. We now 
know this is dominated by a diurnal dynamism of sky 
and ground qi. Did our ancestors view literally this 
spiritual analogy with the physical world? We suspect 
they did. For example, ground energy is generally high 
above open wells, which may explain why the ancients 
considered them sacred. More observations need to be 
made on this aspect of vital energy in light of the 
importance now shown to the Gaian hypothesis 
(Lovelock 1979). As noted in Anon (2011): “When I have 
encountered earth prana, in a ravine or large excavation 
where the land has been broken and opened up 
severing an earth nadi….this form of prana feeds plants, 
trees and the soil”. This may explain the images shown 
in Fig 9. The nightly extrusion of heavy qi energy from 
the earth’s surface has almost certainly affected how our 
species, and other species with diurnal activity cycles, 
organize their lives. As noted, heavy energy outflow from 
the earth appears very pronounced in spring, and could 
be tied to the growth spurt then shown by vegetation. 
More observations on the factor leading to this outflow 
need to be made in light of the importance now shown 
to the Gaian hypothesis (Lovelock 1979), and the 
possibility that this outflow is induced or enhanced,  by 
radiation from the centre of the Milky Way.  

Further developments on the theme of ground 
energy incursions above ground level are that it 
suggests why spirits are mostly encountered at night – 
they are heavy energy phenomena! In this connection, a 
relevant example follows from the second author's 
personal experiences in Amazonia. While camping in a 
remote area of primary rain forest next to a tributary of 
the Amazon, there was a violent windstorm during the 
night. Swaying in his hammock, the second author 
became acutely aware that there were long-limbed 
spirit-beings moving past him through the forest. After a 
few minutes of experiencing these spirits the wind storm 
abruptly stopped. In the profound sudden silence, the 
second author received an oral message from an entity, 
repeated twice. Next morning, when he related these 
experiences, his native guide was completely 
unsurprised, and indicated that this phenomenon is 
commonplace. He explained that these were the spirits 
that resided in the mud of the river bottom and routinely 
came out to wander the forest at night. Here, the 
traditional belief that ‘spirits’ emerge from the rich 
microbial ecosystems below tropical rivers at night, 
seems compatible both with the behavior of ground 
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energy, phantoms, and ancient beliefs in our below-
ground residence following life on earth. Such beliefs in 
societies sensitive to qi energy, were that after death of 
the physical body, the energy body risks being captured 
by the nexus of vital ground energy emerging at night 
from low-lying humid areas. To what extent such an 
entity with an energy body clothed in microbial qi may 
retain a human mental configuration or awareness, is 
not clear. Recent studies (e.g., Radford 2002) on 
colonial bacteria suggest that they are capable of 
cooperative and symbiotic actions such as this would 
require. 

We have made deductions based on a new 
hypothesis and information now available, in an attempt 
to explain the peak in ground energy, and the trough in 
sky qi values that occurs prior to dawn. A partial 
confirmation of this pre-dawn phenomenon is found in 
‘Energy Healing –Wikipedia’ (Wikipedia 2013): “You can 
consciously absorb prana or ki from the air and the 
ground. It has been clairvoyantly observed that there is 
more prana during daytime than at night. Prana reaches 
a very low level at about three or four in the morning”. 
(Prana is identified here with light ‘sky energy’). It seems 
that this energy, once incorporated into the Gaian aura, 
plays a vital role in the growth spurt of vegetation in 
spring, and perhaps provides a ‘template’ of information 
to encourage correct implementation of growth forms. 
We are convinced that the images drawn from memory 
in Fig. 9 are also recorded in Gaia, and serve as 
reminders to earth biota of the structures and functions 
of their predecessors. (This idea is similar to the 
Morphic Resonance theory of Rupert Sheldrake 1988). 

Given the originality of our hypotheses, we leave 
it to readers to explore further if the mechanisms 
proposed are feasible, and ask those with the 
appropriate sensibilities to repeat these observations.  
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Abstract- The purpose of well screens and gravel packs is to maintain open access within the 
aquifer ensuring that thorough development of the well is not impeded by sand. Where a well 
draws on unconsolidated sands and gravels, or other friable materials. The production section is 
characterized by mainly medium to coarse grained sandstone, the uniformity coefficient efficient 
ranging from 1.44 to 2.14, and  the installation of a screen and pack is essential. 

The use of correctly designed equipment is important and this paper represents a review of the 
diverse types available, but does not set out to make any recommendations. 

These type of screen, commonly known as wire–wrap is usually manufactured from type 304 
stainless steel, galvanized steel  and coated screens have been introduced seeking to inhibit 
corrosion resistant alloy. The surface area of  opening of this type of screen used with aperture 
sized 0.75 mm necessary to control fine sands from thick aquifer. The screen entrance velocity it 
was calculated 0.030 m/s. 

Keywords: well screen, slot size, grain size, disi aquifer, water level, pumping test, well specific 
efficiency. 
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Mehaysen A. Mahasneh

The purpose of well screens and gravel packs is to 
maintain open access within the aquifer ensuring that 
thorough development of the well is not impeded by sand. 
Where a well draws on unconsolidated sands and gravels, or 
other friable materials. The production section is characterized 
by mainly medium to coarse grained sandstone, the uniformity 
coefficient efficient ranging from 1.44 to 2.14, and  the 
installation of a screen and pack is essential.

The use of correctly designed equipment is important 
and this paper represents a review of the diverse types 
available, but does not set out to make any recommendations.

These type of screen, commonly known as wire–wrap 
is usually manufactured from type 304 stainless steel,
galvanized steel  and coated screens have been introduced 
seeking to inhibit corrosion resistant alloy. The surface area of  
opening of this type of screen used with aperture sized 0.75 
mm necessary to control fine sands from thick aquifer. The 
screen entrance velocity it was calculated 0.030 m/s.

The gravel pack should ensure that the completed 
well operates free of sand; thus the particle size of the pack 
depends upon the particle size of the aquifer. Gravel pack 
design should be guided by standard sieve analysis. The initial 
static water level was established and recorded at126.98 m.

well screen, slot size, grain size, disi aquifer, 
water level, pumping test, well specific efficiency. 

he purpose of a well screen and gravel pack is to 
maintain open access  within the aquifer whilst 
ensuring that a well operates free of sand after 

development work has been completed. A screen and 
gravel pack are an absolute necessity if the well draws 
on unconsolidated sands and gravels–even under 
composed rock becomes friable and may gradually 
cave in. The screen and gravel pack should first prevent 
the collapse  of the well due to the abstraction of large 
quantities of sand and secondly, damage to the pumps 
due to sand particles in the water ( 1 ).

The gravel pack surrounding the well screen 
may be provided in two ways ( E.E.Johnson, 1955 ) ( 2 ).
A naturally developed filter pack is produced by 
removing  the fine sand   and silt from the aquifer   
material, bringing these fines  through the well screen 
openings by surging and bailing.

For the naturally developed filter pack, the 
choosing of the correct size of screen openings permits 
development of the pack from the aquifer material at 
some distance outside the face of the screen                              
( E.E.Johnson,1959 )( 3 ).

The general basic requirements are that a well 
screen should:
1. Prevent movement of sand into the well.
2. Have effective non clogging opening. 
3. Have maximum possible open area.
4. Have uniform distribution of inlet openings.
5. Combine adequate strength to prevent collapse.
6. Have minimum resistance to flow in well.
7. Have low inlet resistance.
8. Be resistant to corrosion.
9. Be resistant to encrustation.
10. Be economic.   

The well screen should not retain the entire 
aquifer of gravel pack contents, should be designed to 
allow the fine and medium particles to wash out into the 
well during development.

Screened wells typically are classified as either 
natural–packed or artificially–packed wells. In the 
natural–pack type, a screen–slot size is selected which 
will allow a definite proportion of the finer part  of the 
aquifer adjacent to the screen to pass into the well for 
removal during development. The remaining envelope of 
coarser aquifer material  around the screen serves as a
retainer for surrounding  fine–grained deposits. In the 
artificial–pack type, an envelope of materials having a 
coarser uniform grain size than the aquifer is 
mechanically placed around the screen to serve as a 
filter for the finer formation particles.

Illinois state water survey design criteria for 
either type as described by Smith ( 1954 ) 4 and Walton 
( 1962 ) 5, are based on the effective size, uniformity 
coefficient, and other grain-size distribution considera-
tions determined from a  mechanical analysis of the 
aquifer material.

A natural–pack well normally can be justified if 
the effective grain size of the aquifer is greater than o.o1 
inch and the uniformity coefficient is above 3.an artificial 
pack usually proves to be desirable if either the effective 
size or uniformity coefficient is much below these 
values. 

For well design it is necessary to consider the 
following points:
1. Minimum entrance velocity,
2. Maximum open area of screen,

Well Screens and Gravel Packs

Abstract-

Keywords:

I. Introduction

T

Author: Al-Balq'a Applied University, Al-Huson University College Jordan 
– Irbid - Al-Huson. e-mail: mahsneh2008@hotmail.com
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III. Well Screen Design (Design 
Criteria For Screened Wells)
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Well Screens and Gravel Packs

3. Correct design of slot to minimize blockage,
4. Selection of screen slot to fit aquifer or gravel pack 

material,
5. Periodic maintenance,
6. Selection of screen material for corrosion 

resistance,

a) Open Area of Well Screen
The entrance velocity Va   of the water into the 

well screen is used to determine the open area of 
screen Ar:

Va=Q/Ar
Where 

Q=yield ( ft3/sec)
Va=entrance velocity ( ft/sec)
Ar= Open area ( ft2)

The entrance velocity should be kept to a 
minimum, and in general a velocity of o.1 ft/sec with 
negligible friction loss and least encrustation corrosion.

It is suggested that an open screen area more 
percent gives little increase in efficiency; however the 
performance decrease considerably when open area 
<15 percent ( Stramel 1965 ) 6. It is relev to note that 
the higher the percentage of open area available, the 
more area there is to be blocked and the head loss 
becomes  significant, and therefore additional open area 
should result in an increase efficiency over a longer 
period of time.

b) Determination of Slot size  
Determination of screen slot size depends on 

critical particle size of aquifer or gravel pack be retained. 
A standard sieve analysis of the aquifer material or 
gravel pack material determines this slots.

A considerable range of percentage of gravel 
pack to be retained by the screen is suggested in both 
the theoretical and technical literature ( Johnson 
technical bulletins ) 7. The usual rule is that at least 90 
percent of the gravel pack should be retained where the 
pack and aquifer is uniform; however, values as low as 
40 percent have been suggested if there is bad 
uniformity 7.

The screen selection criteria used by   the water 
survey are based upon optimum screen–entrance 
velocities considering aquifer permeability and screen 
area effectively open to the water–bearing material. For 
natural–packed wells, the proper screen length and/or 
optimum discharge rate are determined from the 
equation:

LS=Q/7.48 Ae Vc

Where: Ls=length of screen, in ft ;
             Q= optimum discharge, in gpm;

Ae=effective open area per foot of screen, in                                                                                                        
sq ft;

              Vc=optimum entrance velocity, in fpm.

The effective screen open area (Ae) used                  
is one-half the actual area provided during                
fabrication. The remaining open area is assumed to be 
blocked by the aquifer material. using an appropriate  
aquifer coefficient of permeability, an optimum entrance 
velocity ( Vc ) value  is selected from table 1.

optimum screen entrance velocities

Coefficients of 
permeability (gpd 

/sqft)

optimum screen 
entrance velocities 

(fpm)

>6000 12

6000 11

5000 10

4000 9

3000 8

2500 7

2000 6

1500 5

1000 4

500 3

<500 2

Vc values included were determined from 
studies  of actual case histories of well failures due to 
the partial clogging of well walls and screens by over 
pumping. 

IIIinois State Water survey design criteria for 
either type as described by Smith ( 1954 ) and Walton                  
( 1962 ) are based on the effective  size, uniformity  
coefficient, and other grain-size distribution 
considerations determined from a mechanical analysis 
of the aquifer material. The sieve size that retains 90 
percent of the aquifer material is termed the effective 
size. The uniformity coefficient is the ratio of the sieve 
size that will retain 40 percent of the aquifer material to 
the effective size.

IV. Regional Geology

The project area is composed of Precambrian 
crystalline and magmatic basement, Paleozoic 
Sedimentary rocks and locally Quaternary sediments, 
figure ( 1 )  show the location of the project. The   Area is 
affected by many faults, the stratigrhpic nomenclature of 
the NRA Geological Mapping project was used for 
description ( 8,9  ). The Ram group contains the Umm 
Sham Sandstone and Disi Sandstone Formations     

                

( 10,11 ). The production section comprises a summary 
of the lithological descriptions based on the drill cuttings 

Table 1 :
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Well Screens and Gravel Packs

collected as follows from 310-550m, sandstone white to 
light grey, reddish brown, pale yellowish  orange. The 
sandstone is fractured, which can be observed on the 

caliper log showing cavities not being associated with 
clay.

Location of the Well field

For naturally developed wells, well-screen slot 
openings need to be selected from sieve Analysis for 
representative samples from the water-bearing 
formation. For a homogeneous Formation that consists 
of fine, uniform sand, the size of the screen opening 
(slot size) is selected as the size that will be pass (50-

60) % of the sand (Johnson Division, 1975) i.e. (40-50) 
% retained.

From the cuttings taken from the production 
section, many sieves analysis were performed. The 
samples were dried before sieving., crushed to grain 
and weighed on an electronic balance. Table.2 shows 
the results of sieve analysis drill cuttings  samples(12). 

No Depth interval m Uniformity 
coefficient

D50  mm General result

1 315-318 1.87 0.34 Med to coarse  uniformly  
graded sand

2 351-354 1.86 0.49 Med . to coarse uniformly 
graded sand

3 372-375 1.18 0.51 Coarse to med  uniformly 
graded sand

4 387-390 2.14 0.38 Med to  coarse uniformly 
graded sand

5 429-432 1.59 0.48 Med to  coarse uniformly 
graded sand

6 459-462 1.70 0.41 Med to  coarse uniformly 
graded sand

7 489-492 1.91 0.59 Coarse to med uniformly 
graded sand

8 498-501 1.44 0.38 Med to  coarse uniformly 
graded sand

9 531-534 1.62 0.58 Coarse to med uniformly 
graded sand

10 543-546 1.90 0.67 Coarse to ed uniformly graded 
sand

The production section is characterized by 
mainly medium to coarse grained sandstone, with the 
grain size coarsening downwards. the sand stone are 

well sorted showing a uniformity coefficient efficient 
ranging from 1.44 to 2.14

   

Figure 1 :

V. Sieve Analysis

Table 2 : sieve analysis of Drill cuttings Sample
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Well Screens and Gravel Packs

sieve  No. sieve size 
mm

Retained Weight  
gr

Cumulative retained 
weight gr

Passing% Retaind%

8 2.36 0.00 0.00 100.00 0.00
10 2 0.00 0.00 100.00 0.00
18 1 1.30 1.30 99.54 0.46
20 0.85 1.70 3.00 98.94 1.06
30 0.6 27.80 30.80 89.14 10.86
40 0.425 94.60 125.40 55.77 44.23
50 0.3 60.60 186.00 34.39 65.61
80 0.18 90.40 276.40 2.50 97.50
100 0.15 2.70 279.10 1.55 98.51
200 0.075 3 282.10 0.49 99.51
Pan 0040 282.50 0.35 99.65

Gravel Sand Silt &Clay
>2.00 mm Very 

coarse
2.00-1.00 

mm

Coarse
1.00-0.5mm

Medium
0.50-0.25 

mm

Fine
0.25-
0.125 
mm

very  fine
0.125-0.063 mm

<0.063mm

% % % % % % %
0.00 1.10 25.90 50.00 22.40 0.40 0.20

Grading Characteristics (size): mm
D40=0.45,  D50=0.38,  D90=0.21
Uniformity Coefficient     CU=D40/D90=0.45/0.21=2.14

Classification of sample: medium to coarse uniformity 
graded sand

Table 3 : Grain size Distribution, depth 387-390

Figure 2 : Sieve Analyses
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Well Screens and Gravel Packs

Grading characteristics, cu = D40\ D 90
D40 =0.39, D50 = 0.38 D90 = 0.27
CU = D40\ D90 = 0.39/ 0.27= 1.44

Table 4 : Grain size distribution, depth 498-501m

Figure 3 : Sieve Analyses

sieve  No. sieve size 
mm

Retained 
Weight  gr

Cumulative 
retained weigt 

gr

Passing  % Retaind
%

8 2.36 0.00 0.00 100.00 0.00
10 2 0.00 0.00 100.00 0.00
18 1 1.40 1.40 99.49 0.51
20 0.85 0.90 2.30 99.17 0.83
30 0.6 10.00 12.30 95.54 4.46
40 0.425 73.90 86.20 68.73 31.27
50 0.3 145.30 231.50 16.03 83.97
80 0.18 34.10 265.60 3.66 83.97
100 0.15 4.00 269.60 2.21 97.79
200 0.075 4.20 273.80 0.69 99.31
Pan 0.90 274.70 0.36 99.64

Gravel Sand Silt &Clay
>2.00 mm Very

coarse
2.00-
1.00 
mm

Coarse
1.00-0.5mm

Medium
0.50-0.25 mm

Fine
0.25-0.125 mm

very  fine
0.125-0.063 

mm

<0.063mm

% % % % % % %
0.00 1.30 25.90 14.20 77.90 5.40 0.10
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Well Screens and Gravel Packs

One of the most important items in the 
successful design of a well finished with a natural filter 
pack is the   proper selection of slot opening in relation 
to the sizes of aquifer materials. For screen

                    

installed without filter packs, the corps of Engineers

                   

( 1941, 1942 ),13,14 they found that the screen diameter  
had relatively little effect on the efficiency of the well 
system, but that the perforated section should have at 
least 100 perforations totaling an open area of 3 sq in 
per ft of section for most efficient operations. For screen 
installed with filter packs  the perforated section should 
have at least 25 perforations totaling an open area of 1 
sq in per ft of section.

The screen slot size depends on critical particle 
size of the aquifer or gravel pack be retained. The slot 
size  shall be selected to retain from 90 to 100 percent 
of the filter pack material in artificially filter packed wells, 
and from 50 to 100 percent of formation material in 
naturally packed wells. All well screen   is manufactured 
by wrapping a wire around longitudinal rod, Johnson 
Technical Bulletins (15,16).

The wire is welded to the rods by resistance 
welding producing a cage-shaped cylindrical 
configuration. These types of screen, commonly known 
as wire–wrap or continues slot, is usually manufactured 
from type 304 stainless steel, galvanized steel and 
carbon steel and  other corrosion–resistant alloys are 
available for Defers  condition ( 16,17,18 ).   

Terzaghi ( 1951 ) 19  he studied determine that 
the filter pack must be many times more permeable than 
the aquifer material, but the filter pack must not be 
coarse enough to allow the fine particles of the aquifer 
material  to continue to wash through the pack. 

Filter pack materials shall consist of clean, 
rounded to well rounded, hard, insoluble particles of 
siliceous composition ( Industrial grade quartz sand ).
The required grain-size distribution or particle sizes of 
the filter pack materials shall be selected based upon a 
sieve analysis of the aquifer materials or the formation to 
be monitored.

calculated and recorded before placement from caliper 
log for production section fig. ( 4 ) show the total 
annulus volume   gravel pack in m3.

The filter pack size is between 1 to 2 mm, the 
filter pack material shall also be placed under the 
bottom of the well screen and the borehole wall, and 
filter pack may need to be installed as high as five feet 

precise volume of filter pack material   required shall be 
above the screened  interval in these situations. The 

The characteristics of wire–wrap screen are well 
suited for its original purpose. This design offers the 
highest surface area of opening of any screen. 
Consequently, with aperture sized 0.75 mm, necessary 
to control fine sands from thick aquifer without a gravel 
envelop, sufficient area of opening is still available to 
minimize frictional head losses through the screen.
However, under such circumstances, stainless steel 
must be  used under enlargement of openings  result in 
sand pumping.

VI. Design of Well Screen

Figure 4 : well Composite Log Production

© 2015    Global Journals Inc.  (US)
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Well Screens and Gravel Packs

a) Development of the completed well 
Through development of the completed well is 

essential regardless of the drilling method used. It is 
believed that there is a small head loss at the well 
screen, and in the gravel pack, but that there is an 
appreciable  head loss at the pack aquifer interface due 
to Wedging of aquifer particles. 

b) Pumping Test
The bottom of the Hiswa formation was 

encountered at a depth of   105m. As the ISWL (Initial 
Static  water  level ) was recorded at 126.98 m, this well 

and others wells which are located in the unconfined 
aquifer.

c) Initial static water level
The initial static water level was established and 

recorded as 126.98 m.

d) Step Drawdown Pumping Test20 (SDPT)
The SDPT recorded for 15 hours. It comprised 

five consecutive steps with average discharge rates of 
41.33; 56.o3; 69.71; 90.32; 105.28 l/s, each 3 hour long.
the pumping phase was followed by a 17–hours 
recovery period as we show in Figure (5), the SDPT and 
recovery data are contained in table  (5)

     
     
     
     
     
     

e) Steady Rate Pumping Test (SRPT)
The SRPT recorded for 24 hours at the average 

discharge rate of 80.40 l/s.  The drawdown at the end of 
the pumping phase was 50.47m. this was followed by a 
19-hour recovery period see figure (6)

         

VII. Well Maintenance

Table 5 : Results of the SDPT Analysis and Well Efficiency (22)

Figure 5 : Water level measurements during the SDPT and recovery

Step Calculated
Drawdown

Cumulative
sum of

Calculated
Drawdown

Average 
Discharge

Calculated
Specific

Drawdown

Efficiency
of the well

RESULTS

No. [m] [m] [m3/s] [m3/d] [m/(m3/s)] [%]
1 18.49 18.49 0.04133 3571 447.37 94.0 B = 434.22 m/(m3/s)

C = 674.74 m/( m3/s)²
Efficiency E =

100*
)CQBQ(

BQ
2 







+

2 8.31 26.80 0.05601 4839 478.49 92.0
3 7.74 34.54 0.06971 6023 495.48 90.2
4 10.23 44.77 0.09032 7804 495.68 87.7
5 7.51 52.28 0.10528 9096 496.58 85.9
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Well Screens and Gravel Packs

f) Test
The first step of analysis was to plot the test 

data with the drawdown ( 24 ), and elapsed time after 
pumping began   Q= 100, 200, 400, 500, 550, gpm  see 
figure ( 7 ). it can be noted that the recessions curve at 
40 l/s had a “slope”  of ( 0.33m )  per cycle.  the slopes 

at higher rates were estimated as shown on the figure

   

( 7 ). these slopes were used to extrapolate each step of 
test beyond  the  period  of pumping of each step as 
shown by the dashed  lines in figure ( 7 ). This 
extrapolation was used to obtain the incremental 
drawdown caused by a change in pumping rate 21. 

The equation of the form Sw/Q = B+CQ fits this 
line. The value of B is the value of the intercept of the 
line with the Sw/Q axis and the value of C is the slope of 
the line The equation  SW = BQ+CQ2  which is the 
form of Jacobs  equation  23  and is the approximate 
equation for the drawdown in the well, a pumping period 
of 15 hours. Figure ( 8 )  shows a plot of this equation 
and the observed  drawdown for the five pumping rates.

Step test analysis according to Hantush‐Bierschenk method 21

Figure 6 : Water level measurements during the SRPT and recovery

Figure 7 :

© 2015    Global Journals Inc.  (US)
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Well Screens and Gravel Packs

Well specific curve and efficiency

Rorahaugh ( 25 ), defined “well efficiency”   as 
the ratio of the theoretical drawdown computed by 
assuming that no turbulence is present  ( or essentially, 
BC ) to the drawdown in the well SW, defines the 
efficiency of the well as the ratio of the theoretical 
specific capacity of the well. factors influencing the 
actual specific capacity  include the hydraulic properties 
of the aquifer, coefficients of transmissibility and 
storage, hydrogeology   boundaries of the aquifer, the 
partial or total penetration of the aquifer, the effective 
open area of the well screen, duration of pumping, and 
pumping rate. table ( 5 ) show the results of the SDPT 
analysis and well efficiency26. The figure ( 8 ) is include 
curves for the wells ending in formations with 
permeabilities   in   the same order of magnitude  as 
distinguished  in table ( 5 ). The figure ( 8 )  show the 
drop in efficiency when discharge is increased. The 
table ( 6 )  show the pumping test data and well specific 
capacity.   The efficiency and the specific capacity of a 
well may also be increased by increasing the radius of 
the well and by increasing the percent penetration of the 
total saturated thickness of the aquifer. An increase of 

about any percent may be expected by increasing the 
effective radius of wellbore, it means that the radius 
becomes more and more important as discharge 
increase from 41 l/s to 104.53 l/s 649.9gpm to 1657 
gpm.

Summary of the pumping tests data to 
calculate well specific capacity

The aquifer transmissivity, was proposed by 
Jacob  1963 ( 23 ) - in kasenov, 2006.

The Jacob straight line method was used to 
analysis the SRPT pumping phase data, the table 7, 
because the well  location in the aquifer unconfined and 
drawdown at the end of pumping phase is 11.93% of 
the penetration aquifer thickness the drawdown data 
were- corrected using the following formula proposed by 
Jacob 1963, -In Kasenov 2006:

S”=S -S2/2b
Where  S”-corrected drawdown, m;

S-drawdown measured during pumping 
     

phase, m;
b-aquifers original thickness ( thickness prior to 
pumping ),m

Transmissivity calculated from 
drawdown data method was  used  Cooper –
Jacob  20 analysis between 159 to 288 [  m2/d ].

Cooper ‐ Jacob Analysis: Transmissivity T = 0.183 x Q/ΔS x 86400 [m2/d]
Start date and 

time
End date and

time
Discharge SWL ΔS Transmissivity ‐ T

[m3/sec] [mbRP] [m] m2/sec] [m2/d]

‐‐ ‐‐
0.08038 126.92

From early/medium data

4.42 T1 3.3E‐03 288
6.82 T2 2.2E‐03

From last data

4.30 T1 3.4E‐03 294

7.99 T2 1.8E‐03 159

   

Figure 8 :

Table 6 :

Table 7 : Transmissivity calculated from  drawdown data
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SDPT

41.03 18.49 2.22

55.69 27.69 2.01
70.09 36.82 1.90
90.24 48.87 1.85

104.53 57.96 1.80
SRPT 80.83 50.47 1.60

  

1

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
V
 I
ss
ue

  
  
  
er

sio
n 

I
V

V
Y
ea

r
20

15

© 2015    Global Journals Inc.  (US)

  
 )

) H

37



  

  

 
 

 
    

      

 
 
 
 

 
 
 
 

 
 

 

 
 

 

 
    
    

 
    

    
  

 
 

  

  

  
    

 

 

 
 

     
    

 

 

  

  
  

 
  

 
  

  
  

  
 

 
 

 

 

 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Well Screens and Gravel Packs

Cooper ‐ Jacob Analysis: Transmissivity T = 0.183 x Q/ΔS x 86400 [m2/d]
Start date and 

time
End date and

time
Discharge SWL ΔS Transmissivity ‐ T

[m3/sec] [mbRP] [m] m2/sec] [m2/d]

‐‐ ‐‐
0.08038 126.92

From early/medium data
4.42 T1 3.3E‐03 288
6.82 T2 2.2E‐03

From last data
4.30 T1 3.4E‐03 294

7.99 T2 1.8E‐03 159

Flow meter logging data
Flow meter log measurements were carried out 

during SRPT with a discharge of 80 l/s.  The integration 
of the flow measurements over the depth as the 

tool passes down the production section. Distribution of 
the flow over the screened section is presented in                       
table 9. 

Theis’s Recovery Method: Transmissivity T = 0.183 x Q/ΔS x 86400 [m2/d]
Start date 
and time

End date 
and time

Discharge SWL ΔS Transmissivity ‐ T

-- --
[m3/sec] [mbRP] [m] [m2/sec] [m2/d]

0.08040 126.92 1.246 1.2E‐02 1026

According to the flow meter  logging, 41.25%              
( 33.0   l/s )  of the total discharge ( 80  l/s ) flows into 
the well from depth interval   462-525 m bgl,16.65% ( 15 
l/s ) from 414.52-431.o m bgl and 15% ( 12 l/s )  from 
318.53-  335.57 m  bgl.

Very low inflow ( 3 l/s ) was measured in the last 
screened section 510-540 m bgl. To calculate the 
screen entrance velocity, the highest inflow rate

                          

( 1.79l/s/m ) is used. The open area of the screen is 
13.8%, as stated in the permanent material 
specifications.  The screen entrance velocity it was 
calculated 0.030 m/s.

• The Production Section was drilled with 17½” 
diameter by reverse circulation with polymer mud to
the final depth of 550 m.

• The 10¾” diameter stainless steel casings and 
screens were installed to 546.0 m and gravel pack 
was installed up to 295.6 m depth. The screen 
entrance velocity it was calculated 0.030 m/s.

• Flow meter log measurements were carried out 
during SRPT with a discharge of 80 l/s.

• Development and pumping test, the  well was finally 
completed, the Initial Static Water Level was
measured at 126.98 m below reference point.
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All authors should have been credited according to their appropriate contribution in research activity and preparing paper. Contributors 
who do not match the criteria as authors may be mentioned under Acknowledgement. 
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with address. 
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If all or parts of previously published illustrations are used, permission must be taken from the copyright holder concerned. It is the 
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Approval for reproduction/modification of any information (including figures and tables) published elsewhere must be obtained by the 
authors/copyright holders before submission of the manuscript. Contributors (Authors) are responsible for any copyright fee involved. 

3. SUBMISSION OF MANUSCRIPTS 
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your paper enters the editorial process with no postal delays. When a conclusion is made about the publication of your paper by our 
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Complete support for both authors and co-author is provided. 

4. MANUSCRIPT’S CATEGORY 
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(f) Results should be presented concisely, by well-designed tables and/or figures; the same data may not be used in both; suitable 
statistical data should be given. All data must be obtained with attention to numerical detail in the planning stage. As reproduced design 
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(h) Brief Acknowledgements. 
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Structure 

All manuscripts submitted to Global Journals Inc. (US), ought to include: 

Title: The title page must carry an instructive title that reflects the content, a running title (less than 45 characters together with spaces), 
names of the authors and co-authors, and the place(s) wherever the work was carried out. The full postal address in addition with the e-
mail address of related author must be given. Up to eleven keywords or very brief phrases have to be given to help data retrieval, mining 
and indexing. 

 Abstract, used in Original Papers and Reviews: 

Optimizing Abstract for Search Engines 

Many researchers searching for information online will use search engines such as Google, Yahoo or similar. By optimizing your paper for 
search engines, you will amplify the chance of someone finding it. This in turn will make it more likely to be viewed and/or cited in a 
further work. Global Journals Inc. (US) have compiled these guidelines to facilitate you to maximize the web-friendliness of the most 
public part of your paper. 

Key Words 

A major linchpin in research work for the writing research paper is the keyword search, which one will employ to find both library and 
Internet resources. 

One must be persistent and creative in using keywords. An effective keyword search requires a strategy and planning a list of possible 
keywords and phrases to try. 

Search engines for most searches, use Boolean searching, which is somewhat different from Internet searches. The Boolean search uses 
"operators," words (and, or, not, and near) that enable you to expand or narrow your affords. Tips for research paper while preparing 
research paper are very helpful guideline of research paper. 

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as 
possible about keyword search: 
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• One should start brainstorming lists of possible keywords before even begin searching. Think about the most 
important concepts related to research work. Ask, "What words would a source have to include to be truly 
valuable in research paper?" Then consider synonyms for the important words. 

• It may take the discovery of only one relevant paper to let steer in the right keyword direction because in most 
databases, the keywords under which a research paper is abstracted are listed with the paper. 

• One should avoid outdated words. 

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are 
bound to improve with experience and time. 

 Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references. 

Acknowledgements: Please make these as concise as possible. 

 References 

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their 
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work 
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with 
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions 
will cause delays. 

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an 
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make 
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the 
Editorial Board. 

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done 
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not 
being noticeable. 

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management 
and formatting. 

 Tables, Figures and Figure Legends 

Tables: Tables should be few in number, cautiously designed, uncrowned, and include only essential data. Each must have an Arabic 
number, e.g. Table 4, a self-explanatory caption and be on a separate sheet. Vertical lines should not be used. 

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers, 
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them. 

 Preparation of Electronic Figures for Publication 

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final 
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word 
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350 
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or 
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible). 

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi; 
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi. 
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Color Charges: It is the rule of the Global Journals Inc. (US) for authors to pay the full cost for the reproduction of their color artwork. 
Hence, please note that, if there is color artwork in your manuscript when it is accepted for publication, we would require you to 
complete and return a color work agreement form before your paper can be published. 

Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the 
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore, 
the first 100 characters of any legend should notify the reader, about the key aspects of the figure. 

6. AFTER ACCEPTANCE 

Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the 
Global Journals Inc. (US). 

 6.1 Proof Corrections 

The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must 
therefore be provided for the related author. 

Acrobat Reader will be required in order to read this file. This software can be downloaded 

(Free of charge) from the following website: 

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for 
any corrections to be added. Further instructions will be sent with the proof. 

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt. 

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please 
note that the authors are responsible for all statements made in their work, including changes made by the copy editor. 

 6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print) 

The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in 
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for 
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after 
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles 
cannot be cited in the conventional way. 

 6.3 Author Services 

Online production tracking is available for your article through Author Services. Author Services enables authors to track their article - 
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their 
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link 
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is 
provided when submitting the manuscript. 

 6.4 Author Material Archive Policy 

Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two 
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as 
possible. 

 6.5 Offprint and Extra Copies 

A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to 
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org . 
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2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper. 
They are here to evaluate your paper. So, present your Best. 

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then 
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and 
automatically you will have your answer. 

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper 
logical. But remember that all points of your outline must be related to the topic you have chosen.  

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you 
have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the 
supervisor to help you with the alternative. He might also provide you the list of essential readings. 

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious. 

 

7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose 
quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet. 

 

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can 
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model 
research paper. From the internet library you can download books. If you have all required books make important reading selecting and 
analyzing the specified information. Then put together research paper sketch out. 

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth. 

 

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to 
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier. 

 

 

Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper? 
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science 
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about

 
this field 

from your supervisor or guide.
 

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:
 

1. Choosing the topic:
 
In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can 

have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can
 
be done by 

asking several questions to yourself, like Will I be able to carry our search in this area? Will I find all necessary recourses to accomplish 
the search? Will I be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can 
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related 
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various 
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

 

 

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it. 
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16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present 
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will 
confuse the evaluator. Avoid the sentences that are incomplete. 

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be 
possible that evaluator has already seen it or maybe it is outdated version.  

18. Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that 
suits you choose it and proceed further. 

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your 
target. 

 

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of 
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start 
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big 
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish 
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use 
language that is simple and straight forward. put together a neat summary. 

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a 
changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with 
records. 

 

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute 
will degrade your paper and spoil your work. 

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is 
an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot. 

 

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in 
trouble. 

 

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health 
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.  

 

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources. 

 

12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to 
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and 
always give an evaluator, what he wants. 

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it 
either in your computer or in paper. This will help you to not to lose any of your important. 

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several 
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those 
diagrams, which are made by your own to improve readability and understandability of your paper. 

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but 
if study is relevant to science then use of quotes is not preferable.  
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sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers. 
Amplification is a billion times of inferior quality than sarcasm. 

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the 
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't 
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not 
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way 
to put onward earth-shaking thoughts. Give a detailed literary review. 

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on 
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical

 

remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further 
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples. 

 

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is 
extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should 
be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is 
essential because it serves to highlight your research paper and bring to light all necessary aspects in your research.

 

Key points to remember:  

Submit all work in its final form. 
Write your paper in the form, which is presented in the guidelines using the template. 
Please note the criterion for grading the final paper by peer-reviewers. 

Final Points:  

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections, 
submitted in the order listed, each section to start on a new page.  

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make 
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will 
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data 
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication 
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness 
of prior workings. 

 

27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also 
improve your memory. 

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have 
several ideas, which will be helpful for your research. 

Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits. 

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their 
descriptions, and page sequence is maintained.  

31. Adding unnecessary information: Do not add unnecessary information, like, I have used MS Excel to draw graph. Do not add 
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should 
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be                    

29.
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Separating a table/chart or figure - impound each figure/table to a single page 
Submitting a manuscript with pages out of sequence 

In every sections of your document 

· Use standard writing style including articles ("a", "the," etc.) 

· Keep on paying attention on the research topic of the paper 

 

· Use paragraphs to split each significant point (excluding for the abstract) 

 

· Align the primary line of each section 

 

· Present your points in sound order 

 

· Use present tense to report well accepted  

 

· Use past tense to describe specific results  

 

· Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives  

 

· Shun use of extra pictures - include only those figures essential to presenting results 

 

Title Page: 

 

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed 
lines. It should include the name(s) and address (es) of all authors. 

 
 

 

 

 

Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation, 
and controlled record keeping are the only means to make straightforward the progression.  

General style: 

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines. 

To make a paper clear 

· Adhere to recommended page limits 

Mistakes to evade 

Insertion a title at the foot of a page with the subsequent text on the next page 
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shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no 
more than one ruling each.  

Reason of the study - theory, overall issue, purpose 
Fundamental goal 
To the point depiction of the research 
Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results 
of any numerical analysis should be reported 
Significant conclusions or questions that track from the research(es)

 
Approach: 

Single section, and succinct

 
As a outline of job done, it is always written in past tense

 
A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table 
Center on shortening results - bound background information to a verdict or two, if completely necessary 
What you account in an conceptual must be regular with what you reported in the manuscript 
Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics) 
are just as significant in an abstract as they are anywhere else 

Introduction:  

 

The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be 
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should 
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction, 
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your 
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the 
protocols here. Following approach can create a valuable beginning: 

Explain the value (significance) of the study  
Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its 
appropriateness from a abstract point of vision as well as point out sensible reasons for using it. 
Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them. 
Very for a short time explain the tentative propose and how it skilled the declared objectives.

 Approach: 

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is 
done.  
Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a

 

least of four paragraphs. 

 

 

Abstract: 

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--
must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references 
at this point. 

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught 
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.  

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written? 
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can 
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to 
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principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may 
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the 
whole thing you did, nor is a methods section a set of orders. 

 

Materials: 

Explain materials individually only if the study is so complex that it saves liberty this way. 
Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.  
Do not take in frequently found. 
If use of a definite type of tools. 
Materials may be reported in a part section or else they may be recognized along with your measures. 

Methods:  

Report the method (not particulars of each process that engaged the same methodology) 
Describe the method entirely

 To be succinct, present methods under headings dedicated to specific dealings or groups of measures 
Simplify - details how procedures were completed not how they were exclusively performed on a particular day.  
If well known procedures were used, account the procedure by name, possibly with reference, and that's all.  

Approach:  

It is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would 
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use 
third person passive voice. 
Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences. 

What to keep away from 

Resources and methods are not a set of information. 
Skip all descriptive information and surroundings - save it for the argument. 
Leave out information that is immaterial to a third party. 

Results: 

 
 

The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the 
outcome, and save all understanding for the discussion. 

 

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and 
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated 
in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not 
be submitted at all except requested by the instructor. 

 

Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the 
whole thing you know about a topic. 
Shape the theory/purpose specifically - do not take a broad view. 
As always, give awareness to spelling, simplicity and correctness of sentences and phrases. 

Procedures (Methods and Materials): 

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to 
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of 
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the 
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section. 
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic 
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Do not present the similar data more than once. 
Manuscript should complement any figures or tables, not duplicate the identical information. 
Never confuse figures with tables - there is a difference. 

Approach 
As forever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report  
If you desire, you may place your figures and tables properly within the text of your results part. 

Figures and tables 
If you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix 
materials, such as raw facts 
Despite of position, each figure must be numbered one after the other and complete with subtitle  
In spite of position, each table must be titled, numbered one after the other and complete with heading 
All figure and table must be adequately complete that it could situate on its own, divide from text 

Discussion: 

 

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally accepted information, if suitable. The implication of result should be visibly described. 
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that. 

Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain." 
Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work  
You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea. 
Give details all of your remarks as much as possible, focus on mechanisms. 
Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted. 
Try to present substitute explanations if sensible alternatives be present. 
One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain? 
Recommendations for detailed papers will offer supplementary suggestions.

Approach:  

When you refer to information, differentiate data generated by your own studies from available information 
Submit to work done by specific persons (including you) in past tense.  
Submit to generally acknowledged facts and main beliefs in present tense.  

Content 

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.  
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate. 
Present a background, such as by describing the question that was addressed by creation an exacting study. 
Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if 
appropriate. 
Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form. 

What to stay away from 
Do not discuss or infer your outcome, report surroundings information, or try to explain anything. 
Not at all, take in raw data or intermediate calculations in a research manuscript.                    
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Do not give permission to anyone else to "PROOFREAD" your manuscript. 

Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.) 
To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files. 
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