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ABSTRACT

Title: A GIS based analysis of streamflow indications in the Grand River watershed,

By: Catherine Bickram, Trent University.

The purpose of this project was to explore the relationships between a Ministry of
Natural Resources (MNR) created ratio indicator and the population density of the Grand
River watershed to examine the influence of population density and streamflow
variability. It was found through the used of geographic information systems (GIS)
software and statistical analysis that there is an indirect relationship between the studied
variables. Although the relationship was found to be statistically weak there is still
evidence that as the population density of a basin increases, then the spread between the
ratio of high to low flow decreases, which ultimately means that populations are
adversely affecting streamflow. Possible future applications of this work could be to add

additional variables such as land use, agricultural or urban, as well as surficial geology.
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PURPOSE

This assignment was undertaken as an open-ended project to explore the
functionality of the streamflow indicator currently used by the Ministry of Natural
Resources (MNR) when applied to the Grand River watershed to detect changes in flow
due to increases in population density. This project was also a chance for myself to be
further exposed to the function of geographic information systems (GIS) in a workplace
setting. This exposure included manipulating and correcting real-world data and
presenting meaningful results.

The project took place over six months from November 2001 to April 2002. The
project has changed from the original proposal and does not include land use, vegetation
or surficial geology. This was due to the inaccessibility of the MNR facilities. Although
the entire project is not complete based on what was set out by the proposal, much work
has been done to provide some results and conclusions. The way the project has been set

up makes it very easy for others to continue to explore this research.

INTRODUCTION

Through the building of roads, houses, parking lots and other structures,
increasing expansion of urban areas and agricultural development has greatly reduced the
amount of natural vegetation in Ontario. This means that areas surrounding rivers and
streams are becoming compacted and less porous to precipitation such as rainfall, which
can influence both the high and low flows of streams and rivers. The Ministry of Natural
Resources (MNR) has developed a hydrological indicator to measure the changing high
and low flows, which will be examined using the Grand River watershed system (Figure
1 and 2) |

The indicator was developed on basic hydrological principles such as streamflow
being influenced by precipitation input, the surrounding vegetation and local physical and
climatic characteristics (Viessman et al., 1972). The indicator is only used during the
months of May through November so that winter variations do not apply. This means
that not only freezing and thawing is not included in the study, but snowmelt as well. It

is also noted that expanding urban and agricultural use can have far reaching implications
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Figure 1. Watershed boundaries of the Grand River Basin
Source: www.grandriver.ca/where.cfm
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Figure 2. Grand River watershed area in Southern Ontario
Source: www.grandriver.ca/where.cfim
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in watershed systems, which can be noted in variations in streamflow characteristics
vV iessman et al., 1972).

The application of this indicator is important because varying high and low flows
can have a number of repercussions. Increasing high flows in a watershed system can
reduce the surrounding water quality; increase erosion and flood damage costs and alter
aquatic habitats, whereas decreasing low flows can reduce aquatic habitat, increase water
temperature and lower stream water availability (Pond, B.A. and L. Toose 2001). The
indicator works by collecting the high and low flow measurements over a period of years
and calculating a ratio so that “the higher the ratio, the greater the spread between high
flow and low flow, which can be an indications of urban and agricultural development”
(Pond, B.A. and L. Toose 2001).

This analysis was also to include precipitation data and land use data from the
Provincial Land cover and types of vegetation, surficial geology and surrounding slopes.
Unfortunately this was not completed before the end of the contract period (Appendix
IIT). This data was to be included to further support the use of the indicator since
precipitation contributes to fluctuations in stream flow through storm events and is also
affected by urban and agricultural expansion through increased runoff (Viessman et al.,
1972). The surrounding vegetation will also affect stream flow in that it naturally
decreases runoff and when removed leads to increases in flow (Chorley, 1971). The
surficial geology dictates the movement of groundwater whereas the slope can affect the
overland flow.

Although this data has not been included at this time, the potential to include it at
later date will be very easy since the database has already been created and can easily be

appended.



RATIONALE

Much of rationale, methods and analysing techniques for this project are based on
the work of Wong (1963) and previous evaluations of the Provincial Policy in the same
manner of the Oak Ridges watershed (Toose, 2001). Each step was discussed and
approved by the client in order to assure that the client’s needs were met. The
interpretation of the results was directed by communications with the client who outlined

the expected results.

Variables Rationale
As outlined and defined by Wong (1963)

e Basin Area — includes the extent of the Grand River river system and its tributaries in
km® to assess the effect of the size of the basin

e Main Channel Length — measured from the gauging station to the farthest reach of the
river in a given basin in kilometres to examine the size of the channel

e Stream Density — measured in km/km? to assess the effect of density of streams in the
basin

o Regulated Flow — whether or not the flow for each gauging station was regulated
through dam use to examine effects on flow

e Population Density — 1996 populated density in people per square kilometre to see
response of ratio to population influences

Response Variables

e Average of the indicator variable — ratio of high to low flow from streamflow data
e Average 5% exceedence flow — the high flow values

e Average 95% exceedence flow — the low flow values



METHODS
A GIS was chosen to manipulate and maintain the data used in this project

(Appendix I) because the calculations involved would be very tedious and time
consuming without one. The primary software used in this project was ArcView 3.2 to
view, manipulate and generate data.

Each of the 21 basins of the Grand River watershed had already been previously
digitized and was imported into ArcView. Once this was complete, the required data for
cach basin was extracted and placed in an Excel spreadsheet, or database, for each basin
(Appendix II). Using ArcView made much of the data manipulation easier to perform

and was essential in finding the population density of each of the basins.

Basin Area

This was given in both the basin data and the streamflow data. The basin data
was considered to be more accurate than the streamflow data since it was on-screen
digitized from the actual basin, not measured topographically from Ontario Base Maps
(OBMs) like the streamflow data. The area for each of the basins by gauging stations

was place into the database

Main Channel Length

This was found by selecting the river segments that made up the longest channel
from the gauging station to the farthest reach of the basin. Then the resulting lengths of
the main channels from each basin were summed and the value placed in the Excel

database.

Stream Density

The stream density was found by intersecting the basin with the waterpoly
shapefile. Once the intersection was complete for each basin the length of all the streams
was summed using ArcView and then divided by the basin area to get the density in the

Excel database.



Regulated Flow

This was extracted from existing hydrological data as to whether or not the
gauging station was on a stream that was regulated. This was done by using a 1 for being

regulated and a O for non-regulated and was then stored in the database

Population Density

The population data received was in enumeration areas (EAs) for the entire
Province of Ontario. This data had to be prepared before calculating the density. The
area of the Grand River was coarsely estimated and turned into a new shapefile (Pop96)
to reduce the amount of data being manipulated. This shapefile was projected in Lambert
and had to be reprojected in to Universal Transverse Mercator (UTM) using ArcInfo.

The Pop96 shapefile was then closely clipped to the boundary of the Grand River
watershed and the resulting Pop96 shapefile was then intersected with each of the
corresponding basins to find the population for each basin. Since the EAs did not match
up directly with the boundaries of the basins, in the case where the basin boundary
crossed through or parts of the EAs, the population had to be calculated for only the basin
area assuming that the population was uniform. Once the intersection was complete, the
tables for each of the newly intersected polygons had to be edited to remove the existing
area field. A new field was also added to store the population of the basin. The Patch
Analyst extension was used to calculate the area was the newly intersected polygons and

the population was found using the following calculation:

EA Population basin = Pop96 * (Area of new polygon / 1 million)
EA area

Once the populations for each basin were calculated they were place into the database

where the density could be calculated by dividing by the basin area.



Average of the Response Variables

The average of the response variables, the indicator and the high and low flows

was extracted from a hydrological database using the names of the gauging stations and

placed in the database.

RESULTS

Histograms for expected relationships were created in Excel to assess the
normality of the data (Figures 3 and 4), although it is very common that streamflow data
is not normally distributed (Richards, 1990). The data was also plotted to see visually

how strong the variables were related (Figures 5,6,7). Figures 5-8 were all plotted with
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Figure 4. Histogram of the Natural Log of Population Density
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basin size smallest to largest to examine the relationships. The relationship between
stream density and the indicator does not show a relationship.

It is interesting to note that although the indicator ratio appears to be somewhat
variable across the basins, it appears as though there is a weak negative correlation with
basin area as seen in Figure 6. Figure 6 also shows that the 4 basins (02ga014, 02ga038,
02ga039, 02ga041) that are above the trendline of the natural log of the indicator are all
relatively small to medium sized basins (area = 688km®, 333km2, 278km?, 72km’
respectively) located towards the northwestern edge of the watershed and are all
regulated. The 3 basins (02ga015, 02ga023, 02ga031) that fall below the trendline are
small to medium sized basins (area = 584km?, 113km?, 42km” respectively) centrally
located in the watershed and are non-regulated. The 4 basins (02ga010, 02ga024,
02gb007, 02gb010) that fall closest to the trendline range from very small to very large
(area = 1051km? . 57km2, 171km?2 respectively) in the southern part of the watershed.

Figure 7 shows the population density for each of the corresponding indicator
ratio values. This figure shows that as the population increases, so does the spread of
high flows to low flows, meaning that the high flows are getting higher and the low flows
are getting lower.

Figure 8 shows the natural logs of both the high and low flows and the indicator
ratio against population density of the watershed. This figure shows that as the size of
the basin increases so do the high and low flows, hence the positive correlation
relationship. The indicator ratio clearly shows a negative relationship. Figures 5-8 were
all plotted with basin size smallest to largest to examine the relationships. Some basic
statistics were generated using Excel. The skewness of each of the comparison variables
was compared and were all found to be positively skewed with area having the most at

2.87919 as compared to stream density (1.589478) and population (0.178437).



DISCUSSION

Because this study was based on previous work and ideas (Wong, 1963; Toose,
2001), many of the outcomes and influences were already expected. Overall the results,
though showing relatively weak relationships, kept with expected results and supporting
literature. In areas where there was not complete agreement with the supporting
literature, such as the lack of surficial geology and surrounding vegetation, was attributed
to the small number of variables included in the project.

Tt was expected that larger basins have larger high flows and larger low flows
because the area is significantly larger than smaller basins as shown in many of the
figures. This relationship is clearly illustrated in Figure 6. If this is the case, this may
mean that the indicator may not perform as well in a watershed where there are many

small and large basins.

CONCLUSION and RECOMMENDATIONS

The relationship in Figure § does show that as the population density increases,
the indicator ratio decreases, so the impacts of urban expansion can be measured through
an analysis of stream flow in the Grand River watershed. Although due to time
constraints, not all of the variables were analyzed statistically to their fullest potential.
Any recommendations to this study mi ght be to examine further the variable collected
here. Other variables that could easily be added to the analysis are the surrounding land

uses, such as urban or agricultural, or the underlying surficial geology.
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APPENDIX I

Data Provided By MNR:

Gauging stations - a point shapefile containing the names of the gauging stations and
their locations at the mouth of each basin and projected in UTM

Watershed basins - digitized basin boundaries for each of the 21 basins in the Grand
River watershed and corresponding area in meters and projected in UTM.

Waterpoly — a shapefile containing all of the streams and rivers for the entire Grand River
watershed. This included the length of each digitized segment of streams in
meters, projected in UTM.

Pop96 — a shapefile of 1996 population census data in enumeration areas clipped to the
boundary for the Grand River watershed projected in UTM.

* Any other data referred to in this project such as hydrological data and the Provincial
population data was supplied from the MNR, as I was unable to get data from the Grand

River Conservation Agency.
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APPENDIX II

Excel Database
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Gauging station |AreaFlow (km2) AreaShape (km2) Main Channel (km) i Str Length (km) ;Str Density |LN(StrmDens) [Regulated
02ga031 44.5 42.3625 13.7571 55.8988 1.3195 - 0.2773] 0
02ga030 49.7 47.6125 14.4427 74,7931 1.5709 0.4516 1
02gal24 . 59.6 57.0641. 21.8908. 76.8198 1.3462 0.2973 1
02ga041 62.9 72.4662 14,1011 92.1588 1.2717 0.2404 1
02ga023 118, 113.0338, 29.6465 170.9200 15121 04135 o
02gb010 171 Ai.mmmmﬂ E.owwi 300.1904 17529 05613, 0
02ga040 } - 167 180.5831 27.9813 3246808  1.7980 0.5867 1
0292029 | 236 2477506 40.0964 328.2087)  1.3248]  02812] 0
02gal39 | - 272 278.4625 34.9028 460.6240 - 1.6542 ~0.5033) 1
02ga038 0 326 333.6191 417246 4324841 A.Nmmm 0259 1
02gb007 3600 403.9344, 709439,  891.3198 2.2066 0.7915 1
02gb008 383 421.2831 81.5117 773.7953 1.8368| 0.6080 1
02gal18 | 552 559.6175 81.1074 821.8034|  1.4685 0.3842| 1
02ga015 | 593! 584.8781 46.9291) 825.1836 14109 03442 0
02ga028 | - 578, 591.1268| 555525 934.6750| 15812 04582 1
02gal014 | m@%_ 688.2450 65.3059 @mo.me - 1.3463]  0.2973 1
02ga016 800: 811.7150 83.9049 1132.3314 1.3950 0.3329 1
02gal10 | Aowom 1051.9525! 163.6560 1580.4363|  1.5024|  0.4071| 1
02ga034 1170 1184.5231 111.4659 1705.5068 14398  0.3645| 1
02ga003 3520 3566.2172 169.3795: 5086.6175 1.4263 0.3551 1
02gb001 5210 5286.7041 213.3759 7721.0293 1.4605 0.3788 1
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0.3341
0.1884
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0.0727,
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0.7895
0.5032
1.5137
2.4742
0.4579
3.0623
2.5680
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14.2800

~ 6.5300

19.9800

1.0458|
0.3341;
1.3060'
1.8579
2.5248'
3.5076
4.2038
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12.0741
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13.0827
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|NatLogRat
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101.4627|  4.3267
7.4628,  1.8633
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42.4782)  3.4090
57487  1.5741
7.1929  1.8661
6.2659|  1.6750
4.7152]  1.4391
5.0083]  1.5267




APPENDIX 111
Tiﬁleline

Jan 9 - Discussion of scope, examined catchment area

Jan 11 - Discussion of hypothesis, examined data, initiated contact with GRCA

Jan 16 - Continued contact with GRCA, read MNR research
Jan 18 - Touch base meeting

Jan 23 - Signed proposal

Jan 25 - Computer not working at MNR

Jan 31 - Reading and writing report, emailed GRCA

Feb 1 - Reading and writing report

Feb 6 - Extracted regulated/non-regulated from hydrological data
Feb 8 - Setup database

Feb 13 - Calculated stream densities

Feb 15 - Calculated stream densities

Feb 20 - Reading week

Feb 22 - Reading week

Feb 27 - Reading

Mar1 -

Mar 6 - Extracted and reprojected population data

Mar § - Extracted and reprojected population data

Mar 13 - Strike

Mar 15 - Tried to get more hard drive space in the library
Mar 20 - Pop Data Analysis in Professor Ponce’s Lab

Mar 22 - Preparation for presentation in Ponce’s lab

Mar 27 - Correlation Data Analysis in the Library/ rewriting report
Mar 29 - Final Data Analysis in the Library/ rewriting report



