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1. FIELDWORK QUESTION, GEOGRAPHY CONTEXT & HYPOTHESIS

Figure 1: Map of the location
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§1.1- Fieldwork Question, Geographic Context & Hypothesis


[bookmark: _GoBack]With over 200 rivers of different sizes and characteristics, Portugal, the westernmost country in Europe, can be considered a good area for the study of these watercourses. This fieldwork stems from the Option Fresh Water Study in the IB Geography course and it focuses on the study of the behavior of the Aljezur to try answer the question: ‘To what extent does the ephemeral Aljezur river conform to the Bradshaw model?’. The Bradshaw river model describes theoretically how different river’s characteristic change with distance downstream. It predicts the river’s discharge, occupied channel width, channel depth, average velocity and load quantity are to increase with distance downstream while load particle size, channel bed roughness and slope gradient are expected  to  decrease towards the river estuary1. The research  question  is  worth  of  investigation  because,  freshwater  being  one of the most important resources on earth, its sources are an important area of study.
Figure 22: Lower course of the Aljezur River.

[image: ]The Aljezur River takes its name from the area where it flows; Aljezur, situated in Algarve (South Portugal). The river flows through Aljezur into Praia da Amoreiras where the estuary meets the Atlantic Ocean. It extends for 9.8km and has its source in




1 "Changing Channel Characteristics." Ace Geography. Weebly, 3 Feb. 15. Web. 14 Oct. 2016.
2 Colaco, Joaquim. "Rio Aljezur." Panoramio. N.p., n.d. Web. 14 Oct. 16.
<http://www.panoramio.com/photo/55821198>




Serra de Monchique.3 The lower course of the river is located in the natural park of Sudoeste

Alentejano e Costa Vicentina. This river was chosen to conduct the study since, throughout its course, it presented many different river features that could have been explored and because, being a small river, it allowed to make measurements easily. Also, since is entire course is located close to urban areas; it allowed us to study and understand the impact human activities have on the morphology of a river. Throughout its entire course, the land around the river has many uses; in the upper course it’s used for eucalyptus plantation while in the middle and lower course for agriculture.4 This gives an example of how human activity
around the river which also affects the river’s morphology.

Another factor affecting the morphology of the Aljezur river is its ephemeral nature. An Ephemeral river is a river where in parts of the river bed water stops flowing. In this case this is due to infiltration through the soil and bedrock into groundwater, extraction of water for agriculture and to the semi-arid climate of the region (between May and October there is little precipitation and very high temperatures)5.




















3 Aljezur, ADPHA. "Roteiro Das Praias De Aljezur - A Natureza Em Estado Puro." Associação De Defesa Do Património Histórico E Arqueológico De Aljezur:. N.p., 6 Apr. 2011. Web. 14 Oct.
2016.<http://adphaa.blogspot.pt/2011/04/roteiro-das-praias-de-aljezur-natureza_06.html>
4 By Using Our Services, You Agree to Our Use of Cookies. "Aljezur." Portugal-live. Portugal.net, 6 June 2012. Web. 14 Oct. 2016. <http://www.portugal-live.net/UK/places/aljezur.html>
5 Osborn, Liz. "Average Annual Temperatures in Portugal." Average Temperatures in Portugal. Current Results, n.d. Web. 14    Oct.    2016.<https://www.currentresults.com/Weather/Portugal/average-annual-temperatures.php>




§1.2- Hypothesis




This fieldwork will investigate how the change in river’s width, depth, velocity, gradient, rock size and discharge from the upper to the lower course respect the Bradshaw model. According with the model the following was hypnotized:
Figure 3: Annotated Bradshaw Model.
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2. METHODS OF INVESTIGATION

Figure 46: measurement were taken in six different sites and for each one between 1 and 4 trials were carried on (scale: 1cm ≡ 500km)

[image: ]

§2.1- Method 1: Occupied Width & Depth





Equipment used: • Tape measure, ruler Number of people: 3

Method:
1. Two people stretch the tape measure across two different banks of the river holding it right above the water
2. One end of the tape is aligned with one of the edge of the banks of the river while the value of the distance between the edges of the two banks is recorded.
3. The third person goes inside the water and, using the tape measure as a reference, places the ruler into the water recording the depth every 40cm .

Figure 5: Sampling modes






[image: ]6 Savings), By Year (50%. "Create Maps : Scribble Maps." Create Maps : Scribble Maps. Google, n.d. Web. 14 Oct.
2016.<https://www.scribblemaps.com/create/#lat=37.334784881386106&lng=-8.782056751159644&z=12&t=r 




§2.2- Method 3: Gradient


Equipment used: • Measuring Tape, two 1m wooden sticks, clinometer Number of people: 1

Method:
1. Measure 10 m using the measuring tape then place the two wooden sticks at the two extremities
2. Set the base of the clinometer on the base of the stick placed more downstream and point it to the top of the other stick
3. Press the trigger during 5 second then release it and record the value.


§2.3- Method 3: Average velocity


Equipment used: • Measuring Tape, orange peel, stopwatch Number of people: 2

Method:
1. Use the tape measure to measure 10m between the two people
2. The person upper stream let the orange peel (chosen because it can float and is biodegradable) fall into the water while the one downstream starts the stopwatch
3. Stop the stopwatch when the peel passes the second person and record the data obtained



§2.4- Method 2: Bedload size


[image: ]Figure 6:Sampling method for bedload



Equipment used:
· 
Ruler, classification sheet

Number of people: 1

Method:
1. Pick up randomly 20 stones from the bed of the river
2. Measure its longest axis using the ruler and record the data
3. Classify	it	as	angular, subangular rounded or subrounded.




3. DATA COLLECTION & ANALYSIS

§3.1- Catalogation and analysis of the bedload by size and shape


In each of the sites, the data for the size of the 20 samples of bedload collected where averaged and their classification (angular, subangular, rounded or subrounded) made into a percentage. As a safe estimate, for the uncertainty for the beadloade average size, the greatest value of uncertainty was used. The classification of the shape of the bedload in the last two sites was impossible due to the small size of the particles.
TABLE 1*: Average size & classification of the bedload in different sites
*This and all the following tables report values averaged from the different trial carried on in the different sites. The non-averaged values can be found in APPENDIX 1
	SITE NUMBER
	DISTANCE FROM THE SOURCE (m)
	BEDLOAD AVERAGE SIZE
( ± 3,4cm)
	% OF EACH
SHAPE OF BEADLOAD**

	
	
	
	Angular
	Subangular
	Rounded
	Subrounded

	1
	6450
	17.7
	35
	35
	20
	10

	2
	14450
	8.5
	22
	33
	22
	23

	3
	20650
	8.5
	13
	23
	27
	37

	4
	23500
	5.5
	10
	20
	40
	30

	5
	27900
	0.1
	-
	-
	-
	-

	6
	31670
	0.3
	-
	-
	-
	-


**data for sites 5 and 4 missing because the bedload was too small to be classified




FIGURE 7: Bedload average size over distance

[image: ]
While, in order to classify the percentage of each shape of bedload found in each one of the sites pie chart where made.
FIGURE 8: Representation of the distribution of the bedload between the different shapes
[image: ]

Looking at Figure 7, one can notice the negative proportionality between the size of the bedload and the distance from the source. The particles go from a maximum average size of




17.7cm (recorder in site 1, the closest to the source) to a minimum of 0.1 (in sites 6). Also its shape changed with distance downstream and this can be noticed observing Figure 8. The trend represented in the chart is the decrease of angular-shaped and increase or rounded-shaped bedload as the distance from the source increase. The percentage of angular particles is equal to 35% in site 1 and it keeps decreasing gradually to 10% in site 4. The opposite happens to the round-shaped particles that only represent 20% of the bedload in site 1 but 40% in site 4. This shows that the amount of angular and subangular bed load is greater in the upper course of the river while in the middle course the percentage of rounded and subrounded rocks increases.


§3.2- Data and analysis for river depth



The data for river depth were only collected in 5 of the 6 sites we visited due to the ephemeral characteristics of the river (in sites 3 there was not water). In these sites, we observed that the water infiltrated through the soil and we hypothesized that the lack of water was due to the infiltration through the soil as well as the high temperatures, low precipitation and the extraction of water for human agriculture7. The following data were collected for the
depth along the river and a graph was plotted:















7 "Green Savers – Aljezur, Um Dos Concelhos Mais Sustentáveis De Portugal (com VÍDEO)." Green Savers. Puntoverde, 12 Nov. 13. Web. 14 Oct.
2016.<http://greensavers.sapo.pt/2013/11/12/aljezur-um-dos-concelhos-mais-sustentaveis-de-portugal-com-vide o/>
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TABLE 2: Average depth of the water at different distances from the source

	SITE NUMBER
	DISTANCE FROM THE SOURCE (m)
	AVERAGE DEPTH 
(± 0, 5 cm)

	1
	6450
	13

	2
	14450
	15

	3
	20650
	0

	4
	23500
	22

	5
	27900
	92

	6
	31670
	96




FIGURE 9: graph of velocity against distance from the source

[image: ]

The graph obtained shows a general increase of the depth of the river with distance downstream since the line of best fit shows a positive correlation. However the gradient of the line has been affected by the presence one site where the depth of the river

was equal zero. In addition, even though the line of best fit shows a positive correlation, the low value of R2 (0.5658) shows the inaccuracy of the results.

§3.3- Data and analysis for river occupied width



The data for the width of the channel where collected in all the sites. The uncertainty on this value comes from the uncertainty on the tape measure ( ± 0, 005m ) and can be considered
negligible.

TABLE 3: Width of the river at different distances from the song

	SITE NUMBER
	DISTANCE FROM THE SOURCE (m)
	WIDTH (m)

	1
	6450
	3.1

	2
	14450
	4.0

	3
	20650
	8.0

	4
	23500
	9.6

	5
	27900
	14.6

	6
	31670
	28.7




From these data, a graph of width against distance from the source can be plotted:




FIGURE 10: graph of width against distance from the source

[image: ]


The graph shows an exponential growth of the width of the river as the distance from the source increases. The data points come close to the line of best fit with the exception of one random error in the set being the one for site 6 with width being 28.7m. All other results are shown to be coherent with each other and the width increases from a minimum of 3.1m in

site 1 to a maximum of

1.6 m in site 6. Also the value for

R2 (0.9434) being close to one
  proves the accuracy of the data obtained.


§3.3- Data and analysis for river velocity


The velocity of the river was calculated by dividing the distance travelled by the float ( 10m )

by the time in second needed for the float to travel it. Being velocity averaged, its uncertainty was calculated using the formula
As  a  safe  the  greatest  uncertainty  value  on  any  velocity  calculation  was  chosen  as


uncertainty;

± 0, 10 m/s. The data for the velocity are collected below (data for certain sites


are missing due to water lack and safety reasons ):





TABLE 4: Velocity at different distances from the source


	DISTANCE FROM THE SOURCE (m)
	SITE NUMBER
	AVERAGE VELOCITY (m/s)

	6450
	1
	0.38

	14450
	2
	0.26

	20650
	3
	NO DATA AVAILABLE

	23500
	4
	

	27900
	5
	

	31670
	6
	0.64




FIGURE 11: graph of velocity at different distances from the source

[image: ]





The line of best fit shows a direct proportionality between width and distance from the source (exponential growth) showing that velocity increases with distance downstream. It 
increases from a minimum of 0, 38m/s in site 1 to a maximum of

0.64m/s in site 6. Also, the

high value of the

R2 (0.9497) shows the lack of random errors and the precision of the results.  
However, because of the little data collected for velocity along the river course (due to the    ephemeral nature of the river and safety reason), only a small range of value was explored, therefore the results are not very reliable.


§3.4- Data and analysis for river gradient


The  change  in  gradient  throughout  the  river  course  was  also  measured.  The data  are represented in the following table and graph:

TABLE 5: Average Gradient at different distances from the source

	SITE NUMBER
	DISTANCE  FROM THE SOURCE (m)
	AVERAGE GRADIENT (º)

	1
	6450
	5.3

	2
	14450
	6.3

	3
	20650
	1

	4
	23500
	0.5

	5
	27900
	0.05

	6
	31670
	0






FIGURE 12: graph of average gradient at different distances from the source

[image: ]


The line of best fit indicate a negative correlation between average gradient and distance from the source as the gradient decreases with distance downstream. However there is a random error in site 2, where the gradient is greater than that of site one. Furthermore, the results cannot be considerate very accurate despite their precision due to the low value of R2 (0.7671).

§3.5- Data and analysis for river’s discharge


The discharge of the river was calculated using the formula


rivers′s discharge =

velocity
with:
· 
cross − sectional area

cross − sectional area = average depth
· 
average width


The data and graph obtained from these calculation are the following (data for discharge not available in the sites where velocity was not calculated):





TABLE 6: Discharge at different distances from the source

	SITE NUMBER
	DISTANCE FROM THE SOURCE (m)
	DISCHARGE
( m3/s )

	1
	6450
	0.15314

	2
	14450
	0.24

	3
	20650
	NO DATA AVAILABLE

	4
	23500
	

	5
	27900
	

	6
	31670
	17.63




FIGURE 13: graph of discharge at different distances from the source


[image: ]

The graph shows an exponential correlation between discharge and distance downstream. The


data obtained are accurate, since the R2
value (0.9481) is very close to one. However, due to

the little range of result obtained (only three of the six sites were evaluated) the result cannot be considered reliable.





4. [bookmark: _TOC_250003]CONCLUSION

As expected in the hypothesis, the width and depth of the river channel increases with distance downstream and that the general profile of the river channel becomes from narrow and rough to wide and smooth and these changes are evident especially between sites that were further apart. This is due to erosion. In the upper course, the river has a lot of gravitational potential due to the steep slope, which pushes the water to erode mainly vertically, but with distance downstream, the kinetic energy of the river increases because of the rise of water discharge and this lead to a consequential increase of the lateral erosion. From the middle to the lower course of the river this difference is even easier to notice as the processes of erosion increase even more and, as stated by the Bradshaw’s river model, the channel becomes even deeper and wider (with the exception of the last site where the river loses energy and, therefore, smaller particle such as silt and clay that were transported with the water through suspension are deposited on the bad of the river, decreasing its depth)8. Also the bedload changes, decreasing its size and becoming more rounded closer to the estuary of the river. Its shapes changes as well; the amount of angular stones funded closer to the source is greater than the one next to the mouth, while the opposites happens with the rounded ones. Furthermore, as hypothesized, velocity also increases with distance downstream despite the decrease of the gradient of the river bad. This increase in velocity is due to the exponential increase of the river’s water discharge. Due to the increase of all these features of the river also the discharge (which formula is based on these value)  increases  with  distance  downstream.  The gradient was shown to decrease






8 Nagle, Garrett, and Ben Tavener. IB Geography. 2015 ed. N.p.: n.p., n.d. Print.




because the river meanders across the land instead of eroding through it9. In conclusion the

data collected during this experience support the Bradshaw’s river model and, therefore, the hypothesis even if there are few exception mainly due to the ephemeral nature of the river.


















































9 "How Rivers Change from Source to." Cool Geography.co.uk. N.p., 13 Jan. 14. Web. 14 Oct. 2016.<http://www.coolgeography.co.uk/GCSE/Year%2010/PhysicalWorld/Drainage%20basin/how_rivers_cha nge.htm>




5. [bookmark: _TOC_250002]EVALUATION

Since different methods were used in the processes, the outcomes from how they worked are different. The method used to investigate bedload size and shape was precise since there are not random errors. This method used to collect the bedload information was appropriate since it uses a random sampling techniques reducing bias in the process. The use of systematic sampling for the data collection of depth and width allowed us to obtain a well-defined profile of the river channel. The method used to determine the width of the river was effective; the result are both accurate and precise due to the lack of random errors and low uncertainties due to the use of appropriate and accurate material. However the overall method used to calculate depth was not as effective since the results, even though precise, are not accurate due to different the material used, that could have been more accurate decreasing the uncertainty on each of these values, and the movement of the river surface that made it difficult to read the values. These errors on the depth were carried forward in the discharge’s calculation, probably affecting it and decreasing its reliability. Also, even though the method used to find velocity was effective, the lack of proper equipment and the nature of the river made it impossible to collect enough data to obtain reliable results. Velocity’s calculations were also affected by the river’s current that did not allow the orange’s peel to move in a straight line, decreasing the reliability of the results. One thing that we should have done in order to increase the accuracy of the result is assign role to each person. Since we changed role in each site we decreased the consistence of the result each person could have interpret a reading in slightly different way. We could have also increased even more the number of trials in each site or visit a greater number of sites in order to increase the precision (which was not possible in this investigation due to lack of time) and use even more accurate equipment such as electronic ruler in order to reduce the uncertainty on each data collected.
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Also, what caused a decrease in the reliability of the results was the lack of velocity values in few of the sites. In order to decrease this error we could have used equipment that allowed us to enter the water without any danger such as swim vest, or carried out the calculation in sites where the river wasn’t as dangerous.
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7. [bookmark: _TOC_250000]APPENDIX 1

TABLE 7: Not averaged data for bedload type and shape (refers to table 1)
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	LETTERS
	MEANING

	A
	ANGULAR

	SA
	SUBANGULAR

	R
	ROUNDED

	SR
	SUBROUNDED







TABLE 8: Not averaged data for river’s depth (refers to table 2)
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TABLE 9: Not averaged data for river’s width (refers to table 3)
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TABLE 10: Not averaged data for river’s velocity (refers to table 4)

[image: ]

TABLE 11: Not averaged data for river’s gradient (refers to table 5)

[image: ]

· No table of non-averaged value for Table 11 because the values for discharge were not averages. 
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15.00| SA | 6.02 | SA| 10 | SA [9.00|SA | 6.06 | SR [14.00| SR | 4.02 |SR| 7.02 | A |5.00| R | 5.05 | SR |5.08 | SA
17.00| SA | 7.15 | SA 6 |SA|6.01|SA|[6.03|A [800|SR|7.05|SA|9.00|SA|4.00|SR|6.06|SR|4.00| R
9.00 | SR | 932 |SA| 7 A |6.03|SA|5.02 |SR|[4.00( R |4.01 |SR|6.00|SA |4.05|SA|[7.00|SR|4.03| A
10.00| A | 7.25 | SR 3 R |8.00| A|401|R |705(SR|3.01| R |6.05| A [5.05|SR|[9.05|SR|807| R
9.05| A [10.08| A 5 |[SA|7.05|SR|3.02 |SR|800(SA|9.02| A |[6.05| A [800|R [3.00(R |6.04| A
12.00| SA [11.06| SR | 8.05 | SA |[6.00 | SA|3.07 | R |9.00| A |16.00| SA |14.00| A |5.05|SR | 6.00 | SR | 6.02 | SA
10.00| A 11 |SA|2.05| R |3.00|SR|9.02 SR [12.05| A |5.07 | A |13.05| A |505| R | 8.00 |SA|8.07| R
6.05| A | 5.03 | SR 9 |SR|3.07| R |501|R [405| R |5.04 |SA |11.06| SA |6.00 |SA|7.00|SR|[7.02| R
8.00 | SR | 8.08 | A 11 [SR|7.00|SR|3.04 | A |14.04 SA | 6.09 | SR | 9.02 | A [16.05| R [10.00| SR | 6.05| R
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