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Excess deforestation has led to destruction of 
habitat, massive flooding and the drying up of 
springs. The WWF in collaboration with the 
Coca cola Company has undertaken a 
reforestation campaign on the outskirts of 
Ayubia National Park and an awareness 
program in which they provide sources for 
alternate energy, such as solar-powered water 
heaters. 
 



Introduction 
The study of soil hydrology is a complex one with a wide number of interlinked variables. The purpose 
of this study is to see the affects of forestation on the hydrological conditions of Ayubia National Park 
and its surrounding areas. 

Why? 

Corporate Social Responsibility: The Coca 
Cola Company, as part of its comprehensive 
social responsibility program, wants to become 
water neutral. In addition to other endeavors, it 
has funded WWF in its reforestation program in 
the area surrounding Ayubia National Park. The 
company wishes to know how much water it 
has saved by reforesting several target 
locations. 

Ground Water Sustainability: Local 
indigenous communities depend heavily on 
natural springs in the area for water. These 
springs have been gradually drying up over the 
years. Ground water available to springs 
depends (SOURCE) on infiltration and water 
retention capability of the soil. To better 
understand the factors that affect infiltration 
will help predict the future behavior of ground 
water. 

Flooding:  In the light of the recent devastating 
floods that have ravaged Pakistan it is essential 
to study local hydrology in order to prevent 
similar environment related disasters.  

 

Climate Change: Well-managed riparian 
forests are especially important in minimizing 
the impacts of climate change on river biota. 
They provide shade and temperature 
regulation, can moderate the effect of 
frequent, short duration storm events and can 
support natural water flow regimes. However, 
the Indus basin has already lost over 90% of its 
original forest cover (Revenga et al. 1998; WRI 
2003). Climate change will exacerbate the 
impact of deforestation on water regulation.[1]

How? 

Methods: The cheapest and simplest methods of observing and calculating variables were chosen 
given the financial and time restraints. A total of 18 sites were documented taken from forested and 
deforested areas from near the Coke reforestation site in Namli Mera. Full details of experimental 
technique, raw and modified data along with graphs, charts and pictures are present in this report. 

Mathematical Modeling: Data was carefully analyzed and a multi variable linear regression model 
established. This model relates soil infiltration rates and water retention capacities of the soil to the 
vegetation (trees, shrub and grass cover) while accounting for variables such as slope, soil texture, 
canopy cover etc. The model was based to the maximum on self made empirical observations.   

 Infiltrometer at site four 



Background 

Previous Work: Hydrological problems are very complex due to the large number of variables involved 
in the problems. This is a growing field and an increasing amount of papers are available on this subject 
as water becomes a critical resource that must be managed by countries around the world. Explain 
what has already been done about the problem. We researched and read a lot of papers from around 
the world, listed are some useful ones 

• How tree cover influences the water balance of Mediterranean Rangelands, Joffre and 
Rambal,1993.  

• Soil water improvement by trees in the rangelands of southern Spain, Joffre, 1988. 
• Effect of reforestation using Tectona Grandis on infiltration and soil water retention, Mapa, 

1995. 
• Syed Kamran Hussain and others from WWF Pakistan have also worked on similar projects: 

 Impacts of Grazing and Deforestation on the Infiltration Capacity of Soils of Ayubia 
National Park by Syed Kamran Hussain. This report compared the infiltration capacity 
of high, moderate and low density forest zones in Ayubia National Park. 

After extensive research on the subject we have extracted simple experimental techniques and 
mathematical models that are feasible and are easily performable with the available equipment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Experimental Procedures 
 
Ayubia National Park:  
 
Ayubia national Park is spread over 
3,312 ha of Western mixed coniferous 
forests. Although protected as a 
national park, its resources still come 
under great pressure due to the 
presence of 12 villages on its borders. 
Human activities in the forest have 
resulted in changes in key forest 
properties. This change must be 
carefully followed and documented so 
that the forest may be properly 
conserved. Ayubia National Park has 
international significance as it forms 
part of the Western Himalayan global 
eco-region.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Map of Ayubia National Park 



Site Locations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Location:   

Sites were chosen in the Namli Mera area on the Northern border of Ayubia National Park, near the 
Namli Mera Coke project site. Coke has been involved reforesting (DETAILS: time area). Coke chose 
this site as a key spring marks the boundary of the Park and villagers have almost completely 
deforested the catchment area of this spring that lies outside the Park. To save this spring from drying 
up WWF suggested this site for reforestation. As one of the objectives of this study is to calculate how 
much water Coke has saved from reforestation, locations were chosen from forested and deforested 
areas near this site so that results could be applied to the Coke site. Furthermore, being on the 
boundary of the Park it contained both forested and deforested areas near to each other. Results from 
areas close to each other would give us results that depended mostly on the change in vegetation cover 
instead of choosing forested areas from deep inside the park. Moreover, sites were chosen on the 
border or outside the park to so that the sanctity of the National Park would be preserved when 
samples were extracted.  

 

 

Map of the 18 locations 



Forested Sites 

 

 

 

                  

Deforested Sites 

Site North East Acc/m Altitude 
11 34 05 42.4 73 23 45.4 7.0 7607 
12 34 05 44.5 73 23 47.8 5.0 7664 
13 34 05 47.3 73 23 44.0 7.2 7627 
14 34 05 45.6 73 23 40.4 5.5  
15 34 05 45.8 73 23 36.9 6.6 7540 
16 34 05 48.4 73 23 34.1  7454 
17 34 05 45.8 73 23 41.9 10.5 7568 
18 34 05 45.1 73 23 44.0 40 7575 

 

 

 

 

Site North East Accuracy/m Altitude 
1 34 04 49.4 73 23 43.4   
2 34 04 54.4 73 23 51.2 11.4 8053 
3 34 04 59.4 73 23 56.7 11.1 8073 
4 34 05 04.3 73 24 01.5 11.39 8176 
5 34 05 09.5 73 24 02.8 4.0 8185 
6 34 05 19.3 73 24 14.8 18.1 8345 
7 34 05 25.3 73 24 16.9 6.8 8380 
8 34 05 28.8 73 24 17.7 6.6 8428 
9 34 05 30.4 73 24 17.1 9.8 8468 
10 34 05 30.7 73 24 17.2  15.0 8543 



Key Apparatus 

Infiltrometer:  

The Infiltrometer consisted of two steel pipes with diameters of 3 and 4 inches. While this is narrower 
than an ideal Infiltrometer, a wider Infiltrometer will be impossible to insert into the soil due to the very 
rocky nature of the mountains in Ayubia. We had to change our location several times due to the 
presence of rocks even with our Infiltrometer. The outer ring helps to prevent divergent flow. The 
drop-in water level or volume in the inner ring is used to calculate an infiltration rate. The 
infiltration rate is the amount of water per surface area and time unit which penetrates the soil. 
The Infiltrometer was inserted by hammering it with a sledge hammer through a block of wood. 

 

 

 

 

 

    

Soil Extraction: 

• Soil samples were extracted using a 3 inch diameter, 2 feet long pipe that was 
hammered into the soil also using the sledge hammer and block of wood. 
 

• Soil Samples were stored in aluminum bags [2] and sealed in zip lock bags further 
sealed with sealing tape, labeled and then stored in an insulated backpack. Samples 
were refrigerated at the WWF office and then kept in the LUMS Biology Lab cold room 
until processed.  

                   

 

 

 

 

Infiltrometer Hammering the infiltrometer into the ground 

Soil bags in zip lock Storage of soil samples 



Experimental Method 

Slope:  
 
The slope is an important factor because the more the slope, the more gravity would pull water away 
from the sloped soil. Slope was calculated using a 3-5 meter rope stretched across the mountainside 
close to the infiltration site. It was held in place using two sticks of equal length which were dug into the 
ground to a certain marked level to make sure that the height of the sticks above the ground was equal. 
This ensured the rope to be perfectly straight above the small shrubs and plants. A level was placed 
horizontally at a point on the rope and a protractor was rested upon it to measure the angle (Q) the 
rope made with the level. The value of tan(Q) gave the slope of the site. Three values of the slope were 
recorded near each infiltration site and averaged. 

Infiltration Rate:  

• We chose to do the field work in the rainy season so that the soil would be saturated to some 
extent and not require large volumes of water to achieve a steady infiltration reading. Luckily it 
rained heavily all night before taking readings in the deforested area. The infiltrometer was 
driven 15 cm into the soil to prevent lateral movement of the water.  
 

• A 4 cm head was maintained in the inner ring of the infiltrometer. Water was continuously 
added using a 1 liter plastic measuring cylinder with a least count of 5 ml. Amount of water per 
unit time was measured. The time intervals δT were varied given the rate at which the water 
was infiltrating. This was between 1 and 15 minutes.  

 

 

 

 

 

Infiltration and volume measurement 

 

Soil Texture:  

Samples were extracted from the middle of a depth of 0-15 cm and the middle of the depth of 15-30 cm. 
Samples were around 500g each. These were then sent to Govt. Soil Labs at Thokar Niaz for testing. 
We are still waiting for the results. We realize that soil texture is critical in determining infiltration rates 
our only justification for continuing is that the general composition will remain the same over our  
relatively small study area. 

 

 



Water Content: 

Volume of water: Once Infiltration was complete at a site and the Infiltrometer removed from the soil, 
soil was extracted from the Infiltrometer. Soil cake was assumed to be saturated. Soil was stored in 
aluminum bags and sealed. Aluminum bags with the soil were cut and placed in a drying oven in the 
LUMS Chemistry Lab and weighed till weight reading became constant. This took two days at a 
temperature of 120OC.  

          

   Weighing soil sample                       Drying soil sample at 120 C       Soil samples stored in the cold room           Weighing after Drying 

Volume of Soil: Soil samples were wrapped tightly in aluminum and placed in a beaker into which a 
known quantity of fine sand was added. The extra displaced sand gave the volume of soil. 

 Water content was calculated by (Wet weight of soil - dry weight of soil). 
 Volumetric Water Content: Volume of Water/Volume of soil 
 Gravimetric Water Content: Mass of Water/Mass of dry Soil 

Volumetric water content was calculated using saturated soil. This is also known as effective porosity. 

 

 

 

 

 

 

 

 



Results 
 

 

 

 
 
Readings in red are outliers or controls 

Site 
number  

Slope Fir Blue 
Pine 

Broad 
leafed 

Canopy Grass Shrub Small 
bushes 

Leaf 
Litter Infiltration ml/min 

01 36 9 13 0 high60% low, 
short20% high60% med30% 

med 162.5 

02 33 7 12.5x
2 

0 med30% low, short 

high60% 

low15% low 
0.05 

03 19 4 21 0 med40% high, 
short,70% med30% 

low15% low 8.6 

04 25 3 26 0 high60% low 20-
25% med 

low15-
20% high65% 

low 60 

05 29  33 0 high70% med30% low15-
20% high70% 

med 30 

06 42 8 12 0 med50% high70% med50% med30% high 25.8 
07 16 4 3 0 low20% med40% 

med30% low10% 
low 

0 

08 37 0 36 0 vlow10% med40% high 70% low20% low 4 
09 37  21 0 high60% moderatel

y tall, 15% high 70% high80% 
high 

53 

10 28 9 12 
0 med30% none 

high 
100% low 15% 

high 0 

Forested site details 

Site no. Slope Fir Blue 
Pine 

Broad 
leafed 

Canopy Grass  Shrub 
thorn 

Small 
bushes 

Leaf 
Litter 

Infiltration 
ml/min 

01 
31  0 8  0 2% 

tall  
100% 0   none 1.6 

02 
41  0 4  0 2% 

med- tall 
100% low10%     0 

03 
38  0 1  0 1% 

long 
70% low 20 low 10   40 

04 
43  0 1  0   

long 
100% none none none 15.4 

05 37  0    0   tall 100% none none   10.8 
06 

36  0 2  0   
long 
50% 50% low 20%   15 

07 

40  0 1  0   

60%long 
with 
rocks low 20 none   1 

08 
37  0 70  0 60% 20-30% low 20% none 

high 
twigs 8.5 

Deforested site details 



Theory and Analysis 
 

While this study had optimistic objectives, the results acquired were too varied to continue only with 
the proposed mathematical analysis to a high degree of accuracy. For a more reliable conclusion, the 
data was split into two sets, forested and deforested. The mean value for infiltration, saturated water 
content etc was calculated. This method while does not give us a function of say trees vs. infiltration 
rates, it reduces the error significantly.  

For calculating the mean, we removed the reading for site 1 from the forested area and sites 3 and 8 
from the deforested area. Site 1 gave an inconsistently high infiltration rate. We attribute this 
inconsistency with error in our experimental techniques as this was our first site. Site 3 in the deforested 
area was abundant with ants. We attribute the larger infiltration rate to their presence and hence 
disregard this reading. Site 8 in the deforested area was a control reading taken from a small clump of 
trees (a privately owned communal forest, used for wood and grazing). The large number of trees in this 
area did not represent the deforested area well and we have disregarded this reading as well. 
 
Also tree clumps which are subject to grazing in deforested areas have similar infiltration rates to 
the surrounding grassland, the presence of ants increases infiltration significantly 
 

Results 

 Infiltration 
ml/min 

Effective 
porosity 

Gravimetric 
Water 
content 

Trees Canopy Vegetation 

Forested 20.1889 0.7488 0.7049 25 41.11% 0.4457 

Deforested 7.3167 0.4583 0.3519 2.7 0.6667% 0.3642 

 

Connecting infiltration to ground water recharge 

An important reason for conducting this study was to calculate the amount of water saved per year by 
reforesting a given amount of land. 

Cutting edge literature on ground water hydrology use complex water balance equations that are 
beyond the scope of this paper. We derive our motivation from the balance equations as suggested by 
Casimir DEBSKI [3].  The mentioned paper splits water balance into two distinct zones. The “visible 
zone” equates flow above the ground while the “invisible zone” accounts for water flow below the 
ground. 

For the visible zone  

Precipitation = Surface Runoff + Evaporation + Increment in Surface Water Retention + Infiltration 



For the invisible zone 

Infiltration = Underground Runoff + ground evaporation + increment in ground water retention 
Consider the equation for the invisible zone written for deforested and forested area: 

𝐷𝑒𝑓𝑜𝑟𝑒𝑠𝑡𝑒𝑑:      𝐼1 = 𝐷1 + 𝐸1 + 𝑊1 
 

𝐹𝑜𝑟𝑒𝑠𝑡𝑒𝑑:          𝐼2 = 𝐷2 + 𝐸2 + 𝑊2 
Where  

I : total infiltration  
D: Deep drainage (underground runoff) 
E: Evapotranspiration 
W: Increment in ground water storage 

Subtracting the two equations we obtain 

𝐼2 −  𝐼1 = 𝐷2− 𝐷1 + 𝐸2 − 𝐸1 + 𝑊2 −𝑊1 

We assume D2=D1 as calculating deep drainage is beyond the scope of the paper. [6] Claims that 
deforestation increases deep drainage. Therefore D1>D2 and therefore this is an underestimate of the 
change in water content which is acceptable for the purposes of this paper. 

Our equation reduces to the following 

∆𝑊𝑎𝑡𝑒𝑟 𝑠𝑡𝑜𝑟𝑎𝑔𝑒 =  ∆𝐼𝑛𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 − ∆𝐸𝑣𝑎𝑝𝑜𝑡𝑟𝑎𝑛𝑠𝑝𝑖𝑟𝑎𝑡𝑖𝑜𝑛 

 
Change in Infiltration 

Converting Infiltration data to useful dimensions 

Infiltration rates are recorded in cm/hour. Our inner tube was 3 inch diameter, hence to convert 
infiltration from ml to cm: 

𝑥 𝑐𝑚 =
𝑦 𝑚𝑙
𝜋(𝑅)2

 

Where R = (3 inch x 2.54cm/inch)/2 

The area that has been forested should not have any significant effect on the precipitation in the area. 
Hence the amount of precipitation before will be the same as now. 

𝑇𝑜𝑡𝑎𝑙 𝑉𝑜𝑙𝑢𝑚𝑒 𝐼𝑛𝑓𝑖𝑡𝑟𝑎𝑡𝑒𝑑 =  𝐼𝑛𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 × 𝑡𝑖𝑚𝑒 

The time here refers to the time it rains. 



𝑖𝑛𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 𝑓𝑜𝑟𝑒𝑠𝑡𝑒𝑑 ×  𝑡𝑖𝑚𝑒
𝑖𝑛𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 𝑓𝑜𝑟𝑒𝑠𝑡𝑒𝑑 × 𝑡𝑖𝑚𝑒

=  
𝑡𝑜𝑡𝑎𝑙 𝑖𝑛𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑑𝑒𝑓𝑜𝑟𝑒𝑠𝑡𝑒𝑑
𝑡𝑜𝑡𝑎𝑙 𝑖𝑛𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑓𝑜𝑟𝑒𝑠𝑡𝑒𝑑

 

𝑡𝑜𝑡𝑎𝑙 𝑖𝑛𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑓𝑜𝑟𝑒𝑠𝑡𝑒𝑑 =
𝑟𝑎𝑡𝑒 2
𝑟𝑎𝑡𝑒 1

 𝑡𝑜𝑡𝑎𝑙 𝑖𝑛𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑑𝑒𝑓𝑜𝑟𝑒𝑠𝑡𝑒𝑑 

 

Infiltration Rate Forested = 28.54956 cm/hour 

Infiltration Rate Deforested = 10.3467 cm /hour 
 

𝑻𝒊𝒇 = 𝟐.𝟕𝟓𝟗 ∗ 𝐓𝐢𝐝 
Where,  

Tif is the total infiltration in the forested area  
Tid is the infiltration before forestation. 

Hence, 

∆𝐼𝑛𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 = 𝑇𝑖𝑓 − 𝑇𝑖𝑑 

∆𝐼𝑛𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 = 2.759 ∗ 𝑇𝑖𝑑 − 1 ∗ 𝑇𝑖𝑑 = 1.759 ∗ 𝑇𝑖𝑑  

 

Change in Evapo transpiration: 

Using the data given in the table that was extracted from [4] we plug in the change in evaporation. This 
is the difference in evaporation in the forested and the grasslands.   
 
Forested evaporation : 861 mm 

Grassland evaporation: 694 mm 

Change in evaporation = 861-694 = 167 mm 

 

 

 

Putting both, change in infiltration and evaporation into our water balance equation derived above. 

∆𝑊𝑎𝑡𝑒𝑟 𝑠𝑡𝑜𝑟𝑎𝑔𝑒 =  1.759 ∗ 𝑇𝑖𝑑 −  ∆ 𝐸𝑣𝑎𝑝 

 



∆𝑾𝒂𝒕𝒆𝒓 𝒔𝒕𝒐𝒓𝒂𝒈𝒆 =  𝟏.𝟕𝟓𝟗 ∗ 𝑻𝒊𝒅 −  𝟏𝟔𝟕 

Linear Regression 

As we cannot estimate what the actual model is due to limited data the logical approach would be to 
run a linear regression on all parameters. The results are given below.  

This means 

𝐼𝑛𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 = 𝐴1 ∗ 𝐶𝑎𝑛𝑜𝑝𝑦 + 𝐴2 ∗ 𝐺𝑟𝑎𝑠𝑠 + 𝐴3 ∗ 𝑆ℎ𝑟𝑢𝑏𝑠… + 𝐴𝑜 

The linear regression will calculate A1, A2 etc based on the data collected from the sites. 

Error Calculations 

𝐸𝑟𝑟𝑜𝑟 =  ��(𝐼𝑛𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 −  𝐼𝑛𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑐𝑡𝑢𝑎𝑙)2 

This is the absolute error. To find the standard deviation this should be divided by the square root of the 
number of readings. Therefore even errors of around 20-40 are acceptable as when divided by the 
number of sites this decreases to 1-3 per site. 

While fitting our data we took into account that the least fit method can predict opposite trends due to 
outliers. We had a qualitative connection of the different variables in mind and when this relation was 
questioned we changed simulation parameters i.e. which parameters to include in our model. We were 
looking only to quantify our theoretical predictions.  

We plotted have the actual infiltration rate and the predicted infiltration rate for each site. Site 1 to 8 is 
from the deforested regions, whereas 9 to 18 are from the forested areas. The predicted values are in 
red whereas the actual values are blue. The second figure shows the deviation of the predicted and 
actual rates i.e. if the model was 100% correct all values would lie on the line. 

 

Model 1: Taking all parameters recorded into account 

 



Independent Variables coefficients Coefficient values 

Canopy A1 -4.7490 

Grass percentage A2 0.8157 

Shrubs A3 -2.1364 

Small bushes A4 2.6038 

Leaf  litter A5 72.0442 

Elevation A6 0.1037 

Slope A7 3.6353 

Total Trees A8 5.3129 

Fir A9 8.8994 

Blue Pine A10 -2.4031 

Soil Temp A11 6.5639 

Air Temp A12 -16.6472 

Volumetric A13 -211.9121 

Gravimetric A14 596.1594 

constant A0 -881.6405 

 

We would like to improve upon this model. We can do this by removing outlying values. Site 3 had ants 
as discussed before, site 9 was our first site and due to experimental error this site gave an extra-
ordinarily high infiltration rate. Using these two values, we got an error of 220.2. Skipping these values is 
a wise decision as they will not contribute useful data for the actual trend in infiltration rates. 

Now we’ll try plotting the same graph without site 3 and 9 values. In this case we get a total error of 
20.7; we also notice here that the actual and predicted values are more in sync now.  

Model 2: Removing outliers 



 

Independent Variables coefficients Coefficient 
values 

Canopy A1 3.4842 

Grass percentage A2 0.3263 

Shrubs A3 1.7652 

Small bushes A4 -0.4553 

Leaf  litter A5 -47.1848 

Elevation A6 -0.0817 

Slope A7 -0.1143 

Total Trees A8 4.7886 

Fir A9 -15.2435 

Blue Pine A10 -6.4483 

Soil Temp A11 -4.1779 

Air Temp A12 8.4633 

Volumetric A13 -19.3003 

Gravimetric A14 -119.9162 

constant A0 556.6140 

 



Now to reduce error further, we’ll remove some parameters. That is we will ignore one of the variables 
that we feel did not contribute much to the infiltration rate. Removing Air and Soil temperatures 
reduced error giving these results. 

Model 3a: Reducing Error, Making sense 

 

 

We like this result as the error in this case is reduced to 17.5642, there are fewer negative rates of 
infiltration, and we can see that our actual and predicted values are really close and they are getting 
closer and closer to the ideal line. 

We don’t want to remove anymore parameters as our error is sufficiently low, and does not decrease 
significantly when we remove further variables instead sometimes we see that error increases 
dramatically.  

Independent Variables coefficients Coefficient values 

Canopy A1 0.7166 

Grass percentage A2 0.4679 

Shrubs A3 0.2623 

Small bushes A4 0.6298 

Leaf  litter A5 -6.0491 

Elevation A6 -0.0078 

Slope A7 0.3100 

Total Trees A8 1.0192 



Fir A9 -1.6363 

Blue Pine A10 -1.4485 

Volumetric A11 -78.5055 

Gravimetric A12 74.7177 

constant A0 16.5616 

 

Model 3b:

 

 Further Removing Leaf Litter 

Removing even leaf litter which may seem insignificant results in huge increase in errors. Resultant error 
is 94.2239 

While having a lot of variables is good we could also use a simpler model that does not require any 
sophisticated measurements. However, as expected the error becomes larger 36.4889 but even this is 
not unacceptable 

Model 4: A Simple Model 

 



Independent Variables coefficients Coefficient values 

Grass 
percentage 

A2 0.2801 

 

Shrubs A3 0.0589 

Small bushes A4 0.7628 

Leaf  litter A5 0.5737 

Elevation A6  

Slope A7 -0.1615 

Total Trees A8 0.1538 

constant A0 -19.9182 

  

 

Even though the error in this model seems to be comparatively larger however this seems to have all the 
variables that have a significant contribution towards the infiltration rate.  

Considering this model it is clear that any kind of vegetation has a somewhat direct relationship with the 
infiltration. Most of the models above also show the same relationship with varying parameters.  

We think that this is a good model as it conforms with theoretical studies i.e infiltration is positively 
related to the number of trees, bushes, shrubs and negatively related to the slope. 

Interpreting the models: 

As was seen that while just removing leaf litter results in an increase in error removing several variables 
at once introduces an error less than the sum of the errors if the variables were removed separately. 
While we assumed linear dependence initially this shows that the variables are in fact correlated to a 
degree. 

Secondly, while the number of trees has a smaller factor associated with it (0.1538) leaf litter, shrubs, 
and bushes are all dependent on the number of trees. And so increasing trees will not only directly 
affect infiltration but indirectly through an increase in the shrubs increase infiltration. This study does 
however, point to the usefulness of artificially increasing infiltration rates by providing mechanisms that 
trees provide, i.e. suitable habitat for earthworms, shrubs and abundant leaf litter etc as trees take 
decades to maturity. Of course, such artificial changes to the environment must be made with extreme 
care.  



It can be concluded that planting trees increases the infiltration rate in turn increasing the ratio of rates 
(previous and current- after plantation) in the formula derived above and that eventually increases the 
ground water content. 

Conclusion and Discussion 

The Ayubia forests are being encroached upon and deforested resulting in a loss of ground water 
content that supplies water to the many critical springs that sustain the ecological environment.  

The objective of this study was to derive a relationship of the ground water content and trees in the 
forests of the area.  

The data collected was from ten sites in the forested area and eight in the deforested area both found 
in the Namli Mehra region.  

The data was used to form regression models stating the relationship of the infiltration rate with the 
rest of the variables, which affects the ground water content almost directly.  

Hence the one main variable that brings about changes in most of the other variables is the number of 
trees. Although trees do not bring direct change in the infiltration rate they do so by affecting the 
surrounding vegetation. Altogether these variables bring about a significant change in the infiltration 
rate comparing the forested and deforested area which according to our calculation turns out to be 
approximately 175% increase. Hence the relationship obtained was that increasing trees, increases 
infiltration rate which in turn increases the ground water content.  
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