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Evaluation of Lake Simcoe Watershed Rainfall Characteristics 

Master of Engineering 20 II, Rabi C Gautam 

Civil Engineering, Ryerson University 

Abstract 

Lake Simcoe Region Conservation Authority is monitoring the phosphorous loading in Lake 

Simcoe and to understand the changes in phosphorous loading due to runoff, it is prudent to 

characterize the rainfall data of the watershed contributing to Lake Simcoe. In this project, hourly 

and daily rainfall data from 13 different raingage stations surrounding Lake Simcoe was analyzed 

to identify event, monthly, seasonal and annual statistics and their trend and thereby to identifY 

the driest and wettest and average annual rainfall. After initial analysis, daily rainfall data from 

only 4 stations with consistent data for an approximate period of20 years were chosen for further 

analysis. The results showed that hydrological year 1995-1996 was the wettest and hydrologic 

year 1991-1992 was the driest year. Similarly summer season and the month of June were the 

wettest and winter season and month of February were the driest for the watershed. No signiticant 

trend was observed in the yearly and monthly rainfall data while an increasing trend was 

observed at 3 stations for the winter season. 
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1. Introduction and Objective 

Analysis and characterization of rainfall data is fundamental to the rainfall-runoff 

process. Runoff is primarily generated by rainstorms. Rainfall characteristics including, 

quantity, intensity, duration of rainfall is identified by analyzing available rainfall data. 

Rainfall data have been collected in many regions for a long period of time and are 

readily available. The analysis of these data is of importance not only for storm water 

management and design of runoff conveyance but also to establish a relationship of 

runoffwith the source of water pollution of the receiving water body. 

Phosphorous loading in the lakes has been identified as one of the problems for the health 

of the lakes. Lake Simcoe Region Conservation Authority is monitoring the phosphorous 

loading in Lake Simcoe. Lake Simcoe is located in south central Ontario and covers a 

surface area of722 sq. Km. [1]. 

Climate change has also been a growing area of concern in the health of the lakes. 

Climate change is a natural process of the climate system. However, the recent changes 

have been attributed to human activities creating greenhouse gas emissions [2]. The 

effect of climate change is being translated into changes not only to temperature but also 

to precipitation pattern. Intergovernmental panel on climate change (IPCC) reports that 

an increase in the average global temperature creates changes in atmospheric circulation 

and increases in evaporation and water vapor which is tum changes the pattern of 

precipitation and atmospheric moisture. IPCC predicts that there will be an increase in 

global average annual precipitation during the 21st century but predicts that it varies from 

region to region. [3]. Ontario Ministry of Natural Resources through its research and 

modeling predicts that in 2011-2040, almost all of southern Ontario south of a line from 

Owen Sound to Pembroke will receive up to 10% less rainfall. [4] This includes the 

watershed contributing to Lake Simcoe. 

To understand the changes in phosphorous loading or any other parameter loading due to 

runoff; effects of climate change on rainfall pattern etc. it is prudent to characterize the 



rainfall data of the watershed contributing to Lake Simcoe. An effort has been made in 

this study to analyze the characteristics of rainfall collected from rainfall gage stations 

that are located on the Lake Simcoe watershed. Data from 13 different raingage stations 

surrounding Lake Simcoe has been provided for analysis. The primary objective of this 

study and the report is to 

a. analyze the available data and characterize the rainfall to event, monthly, seasonal 

and annual statistics and their trend, and; 

b. identify the driest and wettest and average annual rainfall. 
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2. Theoretical Framework 

2.1.Background 

Rainfall in general is defined as liquid form of deposition of water from the atmosphere 

to the surface. Rainfall is the result of condensation of moisture and its aggregation that 

falL The following conditions must be fulfilled for rainfall to occur: [5] 

A sufficient supply of moisture, generally in the form of water vapour, must be 

available in the atmosphere; 

The air containing the water vapour must be cooled to below its condensation 

point. 

The water vapour must aggregate or condense into water or ice particles. 

These particles must grow to such a size that they falL 

Depending on the size of the drops, liquid precipitation with drop size less than O.5mm 

diameter are termed as drizzle while those larger than 0.5 mm is termed as rain [5]. In 

some weather reports, liquid precipitation due to convective cloud is sometimes 

distinguished as showers. Showers are generally characterized by short duration and rapid 

fluctuation of intensity. [6]. Depending on the intensity, rainfall can be termed as slight 

with accumulation less than 0.5mm/h; moderate with accumulation of 0.5 to 4 nunIh and 

heavy for accumulation greater than 4 IT1Jrub. Similarly showers can be classified as slight 

for accumulation of about 0 to 2 mmlh, moderate for accumulation of 2 to 10 nunIh, 

heavy for accumulation of 10 to 50 mrnlh and violent for accumulation of 50 mrnlh. [6]. 

The other classification of rainfall is based on the mode of lifting mechanism which 

induces condensation and aggregation of moisture. In general there are three lifting 

processes: convectional, orographic and cyclonic (frontal) and as such rainfall is 

classified as convectional, orographic and cyclonic rainfall. [7]. Convectional lifting of 

the air mass is due to the localized heating of the earth's surface. Orographic lifting 

occurs when air is blown over mountains. Cyclonic lifting occurs when warm light-air 

mass collides with and rides up over a heavier cold air mass. 
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Traditionally rainfall is measured using raingages which measures the rainfall in just one 

point. The estimation of rainfall in an area comes from network of raingages. To obtain a 

reliable estimate of rainfall data from the network of gages it is necessary to establish a 

suitable network density. Factors including topography, climate, and state of 

development of the area playa key role in determining the suitable network of raingages. 

The world meteorological organization in its 1965 publication "Guide to 

hydrometeorological practices" has established a standard for optimum and minimum 

networks as given in the following table to serve as a guide. [5] 

Table 1: Minimum densi 
Type of Region 

Flat areas of termperate, 
Mediterranean and tropical 
zones 

s regIOns as • 

• Small mountainous islands 

itation network 
Normal Tolerance 
Area of 1 Station 
600 -900 sq. km 

100-250 sq. km 

25 sq. km 

Tolerance under Difficulties 
Area for 1 Station 
900-3000 sq. km 

250 -2000 sq. km 

· with irregular Lr_e_c-,i _i-'-ta_ti_o_n_--+-____ --------+-------------I 
· Arid and polar zones 1500 - 10000 sq. Ian 

Precipitation is measured in terms of depth. To each precipitation depth corresponds a 

time period which may be a year, month, day, hour or minute. [5J 

2.2.Data Analysis 

The importance of rainfall/precipitation data in hydrology arises from the fact that in 

many regions they have been kept for a long period of time and are readily available. 

Precipitation depths can be converted to stream flows and hydro graphs can be derived 

from it. With the application of appropriate analysis methodology, precipitation can be 

extrapolated to an extreme or limiting values such as probable maximum precipitation 

which in tum can be used for flood estimations, design of sewer systems etc. 
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Due to the variation of precipitation with time and space, its analysis demands a diversity 

of techniques. To obtain reliable and stable information from the available data, usually a 

long period of data is required. The length of data required depends on the variability of 

the precipitation which in tum depends upon locality and many other meteorological 

factors, however, 30 yrs is considered a minimum period. [5J. As a guide for the length of 

data required, Weather Information Branch Report 558 titled 'Studies of length of record 

needed to obtain satisfactory climatic summaries for various meteorological elements' 

published by Army Air Forces Headquarters, Washington DC in 1943 specifies the 

following time period for precipitation data for different areas: 

T bl 2 N b f f d . d f . 't f a e . urn er 0 years 0 recor s reqUIre or preClpI a IOn . 
Climatic Extra Tropical Regions . Tropical Regions 1 
Element Mountains I Islands I Coast j Plains Islands I Coast i Plains I Mountains 

I 
! Precipitation 25 30 

1

40 50 30 

1

40 
1

40 Iso 
! I I 

The analysis of precipitation data requires ordering of precipitation with time. The 

simplest form of presentation of precipitation data in terms of time is the bar chart in 

which the total precipitation during a period is plotted as a height and the time of record 

as the width of the bar chart with equal period as the width. 

The simplest form of analysis of precipitation data is to find the average rainfall, either 

annual or monthly. It is expressed as the arithmetic mean of number of years or months. 

To minimize the effect of extreme values, median is often used instead of the arithmetic 

mean. 

In order to damp out short term fluctuations and in an attempt to highlight the trend, 

moving averages are sometimes used. For the moving averages, if the smoothing period 

n 

chosen is n year, then the n year average I P / n is plotted at the (n+ 1 )/2 year and the 
I 

n+l 

next year average I P / n is plotted at the (n+ 1 )/2 + 1 year and so on. In the moving 
2 

average all the record years do not contribute equally, with the first and the last having 
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the least effects an very high and low records affect all the averages into which they are 

incorporated. However trends occurring over considerable part of the record provide a 

significant understanding of the data trend. 
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Fig 1: Presentation of Yearly Data with Moving Average 

The data can also be analyzed for rainfall events by separating into individual storm 

events. [8] To isolate an individual stonn event from a long range of available data it is 

required to apply suitable criteria to establish when an event starts and when it ends. A 

typical way of establishing the criteria for start and end is to identify a minimum period 

without rainfall also termed as inter event time definition (IETD). Rainfall pulses are 

separated by the minimum time of no rainfall. If the period of time between the rainfall 

pulses are greater than the inter event time then the rainfall pulses are categorized as two 

separate events and if the period of time is shorter than IETD, then the pulses are 

categorized as a single event[8]. 
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Fig 2: Graphical representation ofIETD [8) 

The isolated events then can be further statistically analyzed to determine different 

characteristics within a time period such as annual statistics. Factors such as number of 

events, average event volume, peak event rainfall, event shape such as standard deviation 

and skewness, average duration of antecedent period etc. per annum or period can then be 

determined from such isolated events [9]. From the analyzed data it is then possible to 

identify a typical year/period and utilize the records for the data for that period for further 

studies. 

2.3.Calculation over an Area 

Rainfall information collected at raingage stations represents conditions at a particular 
, 

point. To utilize the data in various hydrological calculations rainfall volume over an 

area is required and the point data from a network of raingages needs to be transformed 

into information pertaining to an area. Some of the methods utilized are: 

Station-average method 
It is the simplest and most easily used method of estimating areal averages. In this 

method the each rain gage is given equal weight and average is taken from all the 

observed values. So the average precipitation over an area is computed as follows [10] 
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where, 

n 

Pavg = Ip, In 
i~l 

Pi = precipitation depth at station i 

n = the total number of stations 

As this method simply takes an average of all the values without considering any 

topographical and meteorological condition of the raingage stations and their distribution, 

the average obtained does not give a true representation of the spatial distribution of the 

rainfall if the raingages are not uniformly distributed over the entire area. This method 

will provide reasonably accurate estimate of average rainfall over an area where the 

raingages are uniformly distributed throughout the area and the rainfall depth over the 

entire area is more or less constant. 

Theissen Polygon Method 

In the situations where the raingages are not uniformly distributed throughout the 

watershed, Theissen polygon method provides an alternative by assigning areal 

weightage to the point rainfall data. This method assigns weights to the rain gages 

according to the proportions of the total watershed area that are geographically closest to 

each of the raingages [10]. This method, however, does not take into consideration the 

topography or meteorological factors of the proportional areas. [7] 

To draw the theissen polygon lines are first drawn to join the adjoining raingage stations. 

Perpendicular bisectors are then drawn for each line. The polygon bound by these 

perpendicular bisectors and the boundary of the watershed represents the area 

proportional to each stations; ego in the following figure, area AI, A2, A3, A4 are the 

proportional areas represented by raingages S 1, S2, S3 and S4 respectively. 
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Basin 
• Prt'cipit:ltion 

Gaging Station 

Ourt10\V 
Point 

Fig 3. An example of Theissen Polygon diagram 

The average precipitation is then determined by the equation [7J 

n / n 
Pavg= ~P .. Ai ~Ai 

where, 

Pi = precipitation depth at station i 

n = the total number of stations 

Aj = Area assigned to station i 

Isohyetal Method 

To overcome the shortcoming of non-consideration of topography and meteorological 

factors in the theissen polygon method, isohyetal method is utilized. Data from the 

network of raingage stations can be used to construct isohytes ie. lines of equal rainfall 

depth. Construction of isohyets is subjective and requires great amount of personal 

knowledge and skill in interpolating data. Considerations for factors such as topography, 

rainfall pattern, frequency etc. are made while constructing the isohy1es. Average 
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precipitation between isohytes is calculated as the numerical average of the two adjacent 

isohytes and the average precipitation of the entire area can be calculated as [7]: 

where, 

Pj precipitation depth at station j 

m = the total number of isohytes 

Aj = Area between isohyte j and j+ 1 

Factors influencing the rainfall catch at each gage can be effectively implemented in this 

method with experience; however, the accuracy of this method depends on the 

knowledge and skill of the hydrologist. It is also difficult to accurately delineate the 

isohytes when the raingage network is not dense enough [11]. 

Fig 4: An example ofisohyetal map [11] 
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2.4.Estimating Missing data 

Estimation of missing data is one of the most important tasks required in rainfall analysis. 

Often the problems of missing data are encountered due to various reasons like 

instrumentation problem or techniques used in measuring the rainfall amounts. Missing 

data may also be encountered due to systematic errors like water loss during 

measurements, adhesion loss on the surface of the gage, raindrop splash from the 

collector etc. Missing data due to these errors are critical as they affect the continuity of 

rainfall data and which in tum affects the result of analysis carried out on basis of these 

rainfall as input. [12] 

Several methods have been developed to estimate the missing data: 

Station Average method 

This method estimates the point average of a station based on the average of surrounding 

stations in the region. The equation to estimate the missing data is given by [10]: 

n 

px=Ip,/n 
1=1 

where, 

Px = missing point rainfall at station x 

Pi = relative point rainfall at station i 

n = number of stations 

This method gives equal weight to all the catches within the region and estimation by this 

method may not be accurate if the annual catch at any of the n gages differ from the 

station of interest by 10% or more. [10] 

Normal Ratio Method 

This method overcomes the shortcoming of giving equal weight to all the raingages. It 

uses the average annual catch of individual station to derive a weight for the rainfall 

depth of the station. [10]. 
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Wi = weight for the rainfall depth Pi at gage i and is calculated as 

where 

Ax annual average rainfall at station X, 

Ai annual average rainfall at station i 

n = number of stations 

Quadrant Method 

Quadrant method is an alternative method to station average and normal-ration method. It 

also uses the weighted average of gages from other stations within the region. However it 

does not use all the stations within the region and gives weight to the station ~ased on its 

distance from the station of concern. This method is based on two assumptions [10] 

Rainfall depth at gages that are located close to each other are not independent 

estimates of the missing rainfall depth; and, 

The weight assigned to a gage used to estimate the missing value should decrease as 

the distance between the gage and the point where an estimate is required increases. 

To use this method, the region is divided into four quadrants with the origin being the 

data station with missing information. The surrounding stations are drawn based on their 

coordinates with respect to the station with missing information and distance from the 
• 

centre is calculated. Only the stations in each quadrant that is closest to the centre is 

selected and the weights for those stations are calculated as a function of the reciprocal of 

the square of the distance between the gage and the centre location. The 

12 



Thus the equation for the weight of station i is given by [10] 

11 d 2 

Wi = -4---'-'-

2:(11 dJ) 
J;l 

where) 

di = distance between gage i and the centre location 

.8 

... It 

I 

Fig 5: An example of Quadrant 

And the equation to find the missing data is again 

Inverse Distance Weighting Method (IDWM) 

It is the most commonly used method for estimation of missing data in rainfall analysis. It 

is also referred to as national weather service (NWS) method in operational hydrology 

literatures published in the United States [12] 

13 
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It is again the weighting method based on the distance of the neighboring stations to the 

station with missing data. The equation for the missing data is given by [12] 

n 

" Pd-
k 

~ 1 IX 

1=\ 

where, 

Px = missing data at station x 

Pi = corresponding data at station i 

dix = distance between station i and x 

k = friction distance that ranges from 1 to 6 (most common value 2) 

Some of the issues with this method is the choice of weighting factor is arbitrary and the 

definition of neighboring station is not clear. Several modified rDWM methods have 

been suggested and tested by Ramesh et al (2005): 

Thiessen polygon approach and inverse distance method 

Coefficient of correlation weighting method 

Inverse exponential weighting method 

Nearest neighbor weighting method 

Kriging estimation method 

This is a stochastic interpolation method which is also based on the principle of using the 

weighted average of surrounding stations to derive a missing value at the station of 

concern [13]. Ordinary kriging is the most widely used method. 

To apply the principle of kriging two tasks are to be perfonned: 

i. Establish the degree of spatial dependence. 
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The degree of spatial dependence is established using a semi-variogram model and 

weights are optimized. Semi-variogram is computed as [14] 

Semivariogram (distance h) = 0.5 x [average (value at location i-value at 

location j)2] 

ii. Estimation of missing value 

The missing value is then calculated from the equation [12] 

" 
Px = LAiP, 

;=1 

where, 

Ai = ""veight obtained from fitted scmi-variogram. 

In this method is the observed value is used twice, the first time to estimate the semi

variogram and the second time to interpolate the values. [12] 

2.S.Gage Consistency 

Another problem encountered during the analysis of long term rainfall record is the 

consistency of the data. A consistent data is the data for which the characteristics such as 

change in observation procedure, exposure of the gauge, change in location etc. is the 

same throughout the record period of the data [10]. Adjustment to the data needs to be 

made if the data are inconsistent over a period of time. 

The consistency of the data is checked by the method of double mass curve. A double 

mass curve is a graph of the cumulative rainfall at the rain gage where the data is to be 

verified for consistency versus the cumulative rainfall of one or more gages in the region 

that have similar hydro-meteorological condition and are known to be consistent [10]. 

Double mass curve plotted from consistent data will yield a constant slope. A change in 

the slope of the double mass curve suggests that the data is inconsistent and adjustment 

needs to be made. To adjust the data and obtain consistency, the value has to be changed 

15 



to obtain the constant slope of the double mass curve. The values of the double mass 

curve can be adjusted either at the bottom section or at the top section. [10] 

Cumulative rainfall at other gauglls 

Fig 6: Double l\lass Curve 
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2.6. Trend Analysis by Mann-Kendall Test 

The Mann-Kendall test is one of the statistical methods to identify trends in a time series 

data that do not belong to any distribution (nonparametric). This test is based on testing 

the null hypothesis of no trend, lio, which means that the observed data sets are randomly 

ordered in time against the alternative hypothesis, lil, which means that the observed data 

sets have an increasing or decreasing trend. [24] In this test, the relative magnitudes of 

the data are considered instead of the absolute value of the data. Each data value is 

compared to all the preceding data to obtain Mann-Kendall statistic, S. A normalized test 

statistic Z is calculated based on the Mann-Kendall statistics (S) and number of data sets 

(n) and probability associated with this normalized test statistic is computed. Hypothesis 

liG, meaning the data sets have no trend, is rejected in favour of hypothesis li, meaning 

that there is a certain increasing or decreasing trend in the observed data sets when the 

probability associated with the normalized test statistics Z is greater than the selected 

probability level of significance. [25] 

The Mann-Kendall Statistics (S) for a time series XI, X2, X3 •••••••••••••• Xj where Xj represents .. 

the data at time j, is given by: 

n=1 n 

S = L Lsign(xj -xk ) 

k=\ j=k+1 

where, 

sign(Xj -xk ) = 1 if Xj -xk>O 

= 0 if Xj -Xk =0 and 

=:; -1 if x j - X k <0 

The first value of Mann-Kendall statistic, S, is assigned a value of O. If the subsequent 

data value is greater than the earlier values then S value is incremented by 1. If the data 

value is lower than the earlier values, then the S value lowered by 1 and if it is equal to 
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any of the earlier values then the S value remains same. The summation of all the values 

gives the tinal S. [25] 

The normalized test statics Z is obtained by [25]: 

Z = S 1 ifS>O 
[VAR(S)]112 

Z = 0 ifS=O 

Z S +1 ifS<O 
[VAR(S)]112 

Where V AR(S) is calculated as [25]: 

1 g 

VAR(S) = 18[n(n l)(2n+5)- Ltp(tp -1)(2tp +5)] 
p=1 

where, 

n = number of data 

g number of tied group (set of data having the same value) 

tp = number of data in the pth group 

The probability associated with Z is computed as [25]: 

feZ) e 2 

The level of significance is selected and compared with this probability. If this 

probability is greater than the level of significance and if the Z value is positive, then it is 

an increasing trend where as if the Z value is negative, it is a decreasing trend.[25] 

18 



2.7. Previous Similar Studies 

Studies and reports of similar nature were studied to better understand the methods 

utilized in analyzing the data. Several research papers were studied and synopsis of 2 

researches which are closely related to the current study being undertaken is presented 

here. 

Daily precipitation data for a period of 30 years from 1964 to 1993 from 3366 raingage 

stations for the Spanish Mediterranean regions were analyzed by R. Romero et.al and the 

results were presented in their paper titled "A 30-year (1964-1993) Daily Rainfall Data 

Base for the Spanish Mediterranean Regions: First Exploratory Study" published in 1997. 

After preliminary data analysis only stations with at least 90% available data for the 

period of 30 years were selected which reduced the number of stations to 410. The period 

of 30 years were divided into three decades i.e. 1964-1973, 1974-1983 and 1984-1993. 

After the preliminary selection of the raingages the first step taken was to fill in the 

missing data. Weighted average method was utilized to interpolate the missing data as: 

1=1 1=1 

Where Pin = missing data at station i on day n 

aij = weighting factor 

Pjn = data at other stations on day n 

The j reference stations were chosen within a radius of SO around the target station with 

missing data such that the chosen stations have at least a 1000 daily values with station i 

and have no missing data at the particular day of n. The weighting factor was calculated 

based on both correlation coefficient and distance between station i and j. 
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Where rij is the correlation coefficient and dij is the distance between stations i and j. 

The data were then divided into seasonal and yearly records and mean of seasonal and 

yearly precipitation were calculated for each selected stations to identify the accumulated 

amount of rainfall per station and presented as such. 

In the second study, Kwarteng et. al analyzed the characteristics of rainfall in the 

Sultanate of Oman using 27 years data recorded for 31 raingage stations from 1977 to 

2003. This was presented in their paper as "Analysis of a 27-year rainfall data (1997-

2003) in the Sultanate of Oman, published in 2009. To obtain the characteristics the 

average yearly and monthly rainfall was calculated for all the stations and Mann-Kendall 

statistical test was performed to establish a trend. Other parameters calculated were 

average number of rainy days, maximum daily rainfall and rainfall intensity. Rainfall 

intensity was investigated in two ways, tirst by dividing the total yearly rainfall is divided 

by the number of rainy days and second by dividing the rainfall events into four groups: 

light rainfall for less than 10mm, moderate for rainfall between 10 to less than 2Smm, 

heavy for rainfall 25 to less than SOmm and extreme for rainfall greater than SOmm. 
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3. Data Sources and Summary of Received Data 

The rainfall data was provided by Ontario Climate Centre, Environment Canada. 

Archived data for 13 different raingage stations were provided in the standard record 

format. Standard record format has been adopted by Environment Canada to archive the 

climatological data that were recorded at minutely, fifteen minute, hourly, daily or 

monthly interval. "Documentation for the Digital Archive of Canadian Climatological 

Data (Surface) Identified by Element" provided in Environment Canada website was 

referred for the interpretation of the provided data. According to the document, five (5) 

different record formats are being used by Environment Canada to archive the rainfall 

data which are recorded for different time intervals. The record formats are: 

1. Daily record ofHourIy Data; 

11. Monthly record of Daily Data; . 

111. Annual record of Monthly Data; 

IV. Daily record of 15 minute Data; and, 

v. Hourly record of minutely Data. 

It is explained in the document that each record consisted of station identification, date 

and element number followed by the data repeated for each time interval. The datum for 

each time interval is recorded as 5 digit integer plus a leading sign field and a following 

flag field. An explanation of the element and flag is also provided in the document. The 

relevant flags for the obtained data were: 

E Estimated 

A = Accumulated 

C = Precipitation occurred, amount uncertain 

L = Precipitation mayor may not have occurred 

F = Accumulated and estimated 

T=Trace 
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The units and decimal position of the data is to be determined by the assigned element 

number. 

The data received were translated based on the decoding process described in the 

document "Documentation for the Digital Archive of Canadian Climatological Data 

(Surface) Identified By Element". Different time interval data for a total of 13 raingage 

stations were received and decoded. From the decoding it is observed that the time 

interval and period of received data are not consistent among all the raingage stations. 

Primarily the data obtained were in the following categories: 

1. Verified Daily record of Hourly Data; 

11. Unverified Daily record of Hourly Data; 

iii. Verified Monthly record of Daily Data; and, 

IV. Unverified Monthly record of Daily Data 

Verified Daily record of Hourly Data 

Verified record of Hourly Data is categorized as element 123 in the standard record 

format~ It consists of hourly record starting 01 to 24 hours of a day. The missing hourly 

data are recorded as -99999M. The hourly data is in the unit of O.lnun. Verified daily 

record of hourly data was available for 4 raingage stations. The stations and the period of 

data is shown in Table 3. 

fi d fh I d Table 3 - veri led dai v recor 0 ourly ata 
Stations I Station Code Starting Date 

I 
End Date 

Lagoon City 6114295 1998/05/05 I 2003/11/01 
I 

Barne WPCC 1 0557 6 1 1968/05/01 1 2003/11101 
I 

Egbert 611eOOI 1997/04/01 2003111101 

T cronto Buttonville 615hmak 1986/05/23 2003/11101 
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The verified hourly data for the available 4 stations overlap for a period of approximately 

5 years from 1998/05/05 to 2003111/01. 

Unverified Daily record of Hourly Data: 

Unverified record of Hourly Data is categorized as element 262 in the standard record 

format. It consists of hourly record starting 00 to 23 hours of a day. The missing hourly 

data are recorded as -99999M. Unverified daily record of hourly data was available for 2 

raingage stations. The stations and the period of data are shoVvn in Table 4. 

T hi 4 a e 'fi d d '1 d fh I d t - unven Ie al v recor 0 ourlY aa 
Stations Station Code Starting Date End Date 

Barrie Oro 6117700 2004/03/27 201010 1/21 

Lagoon City 6114295 2004/04119 2010101121 

The unverified record of hourly data available for the 2 stations overlaps for a period of 

approximately 6 years, 

Verified Monthly record of Daily Data: 

The verified monthly record of Daily Data is categorized as element 010 in the standard 

record format and the file system is identified by a system number 04. The monthly data 

is recorded from 1 to 31 days. The records for the remaining days of the months that have 

less than 31 days are recorded as -99999M. Similarly the missing data are also recorded 

as -99999M. The hourly data is in thl~ unit of O.lmm. The verified monthly data is 

available for 11 different raingage stations. The stations and the period of data available 

are shown in Table 5, 

T hi 5 'fi d hI d d '( d a e -ven Ie mont ty recor of ally ata 
r Stations . Station Code Starting Date End Date 

Lagoon City 6114295 1997/06/01 199911 0/31 

Orillia 6115818 1957/02/01 1965/01/31 

Barrie WPCC 6110557 1977/09/01 2006/12/31 
I 

Shanty Bay 6117684 1973/01/01 2006112/01 
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I I -y. 
I--C-o-I-dw~at-er~---";""! -6-11-17-69-··---+-1 -19-7-1-/0-8;-'0-1----t2006/l2/31 

Warminster 
Blackstock i 6150398 (2003/06/01 1200611 0/31 

Marsh Hill 16150790 I 2003/07101 ! 2006/10/31 
I I 

Sonya I 6155000 I 2001/06/01 1 2006/12/31 
I I 
i 

Udora 6119055 1989/09/01 ! 2006112131 

I 
Baldwin I 6110480 2004112/01 2006112/31 

I I 

I 

T UWIllU Buttonville 6l5hmak I 1986/05/01 ! 2009110101 
i . 

The available data period varies considerably with the stations. The overlapping period 

for a maximum of 5 stations is approximately about 17 years from 1989/09/01 to 

2006112131. 

Unverified Monthly record of Daily Data 

The unverified monthly record of Daily Data is also categorized as element 010 in the 

standard record format but the file system is identified by a system number 02. Similar to . 

the verified monthly record of daily data, the monthly data is recorded from 1 to 31 days 

and the record for the remaining days of the months that have less than 31 days are 

recorded as -99999M. Similarly the missing data are also recorded as -99999M. The 

unverified monthly data is received for 3 different raingage stations. The stations and the 

period of data received is shown in the following table: 

Table 6 unverified monthly record of daily data 
Stations Station Code Starting Date End Date 

Barrie Oro 6117700 2004/03/01 2009/03/31 
~i ____ ~ _ __+_I. _____ -+-_. ____ ~ _ _l_ ____ ' 

I Egbert 61leOOI 2004/11/01 12010/01l31! 

f-I T-o~r-on-t-o-B-u-tt-on-v-:-:i1~le-+-:-61-:5:-:-hm--a-:-k-----+-=2:-:-0-;:-03:-/·:711~/-;:-0:-1 ---+1-=2-:::-0 :-;1O:-:'/0:-:l:-:-/3:-:1~---'I' 
I 
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The verified hourly data for the available for the 3 stations overlap for a period of 

approximately 4.5 years from 2004/03/05 to 2009/03/31. 

The location of all the stations with the received data was also obtained from Ontario 

Climate Centre, Environment Canada. The latitude, longitude and elevation of each of the 

station were noted from the Environment Canada website. The location of the stations is 

shown in figure 7. A graphical representation of the data received to date is presented in 

figure 8. A summary table of all the data available is presented in Table 7. 
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Fig 7: Location of raingage stations (prol'ided by Ontario Climate, Environment Canada) 
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" .->.z-Ilolchkiss Creek 0---'" +- , - Leonards Creek 
-Rarnara Drain 

• • -{!o-Barrie Oro UIIR 

[J ;::-~ -T-- Lagoon City UIIR 
;. A - Lagoon City VII R 
~. 

-Barrie WPCC VHR 
! ! -+-Egbert VI~R , - ~. -:t-Blittonville VHR 

- ,i;. Barrie Oro UDR 
... Egbert UDR 

':~. ~';" . Blittonville U DR - .. 
-. -Lagoon City VDR -- . .;., 

-OrilliaVDR 
-Barrie WPCCVDR - -,-Shanty Bay VDR 
-·>-Cldwtr Wrmnstr VDR 

f---.. j j --r , --------.---~·I----~·--T·--·-·· j - -.-- Blackslock VDR 
S 0 .... .... .... N N w 0 - -Marsh Hill VDR V1 0 V1 ~ Lu en 0 ..,. 
--- --- --- --- --- --- --- --- --- -SonyaVDR 0 .... 0 0 0 0 0 .... .... .... .... lD "-I V1 Lu .... .... 0 

--- --- --- --- --- --- --- --- --- --UdoraVDR .... .... .... .... .... .... .... .... N 
~ lD lD lD lD . lD lD lD 0 - - Baldwin VDR V1 V1 en "-I "-I co lD lD 0 
0 en w 0 ...., +- .... "-I ..,. 

- Blittonville VDR 

UHR = unverified daily record of hourly data 
VHR = verified daily record ofhollrly data 
UDR = unverified monthly record of daily data 
VDR = verified monthlv record of dailY data 

Fig 8 - Graphical representation of received rainfall data 
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T hi 7 S a e - ummary 0 f . d I t receIve (a a 

Station Name . Station .'. Latitude Longitude Elevat Received Rainfall Data 
" j:05!e_~,,,, ... ." ...... -.-.. ~.~ ~1'~4~::l.',IhL" ... ;.;.;-_i,u,.;.~;. .. , )OIL_,-., 

Element Element Element 02 Element m -
262 - 123_verified unverified 04_verified 
unverified hourly rainfall daily rainfall daily rainfall 
hourly 
rainfall 

Barrie Oro 61/7700 44" 28.800'N 79° 33.000' W 289 2004/03/27 2004/03/01 to 
to 2009/03/31 
2010101/21 

Lagoon City 6114295 44"d 33.000' N 79" 13.200' W 220.7 2004/04/19 1998/05/05 to 1997/06/0 I to 

(Beaverton) to 2003/11/01 1999/10131 
2010101/21 

Orillia 6115818 44" 34.800' N 79° 24.000' W 224 1957/0210 I to 
1965/01131 

6116811 

Barrie WPCC 6110557 44" 22.800' N 79° 41.400' W 221 1968/05/0 I to 1977 109/01 to 
2003/11/01 2006112131 

Shanty Bay 6117684 44" 24.000' N 79° 37.800' W 250 1973/01/01 to 
2006/12/31 

Coldwater 6111769 44° 37.800' N 79 0 32.400' W 285 1971108/01 to 

Warminster 2006112131 

Egbert 611£001 44" 13.800' N 79° 46.800' W 251 1997/04/0 I to 2004111101 to 
2003111/01 2010101131 

Blackstock 6150790 44°6.000' N 78 0 49.800' W 291 2003/07/01 to 
2006/10/31 

Marsh Hill 6115500 44"9.000' N 79" 4.200' W 285 2001/06/0 1 to 
2006112131 
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Station Name Station· Latitude Longitude Elevat. ! Received Rainfall Data 
.~ ~ 

.. Code .. ' . . 
. :.". -,,'-~ ~:""':':";';~;!i.~.J:-,;, 'fbd4..;,'_ .... _.;., ... JQrr_,",~, • 

m Element Element Element 02 Element -
262_ 123 verified unverified 04 verified . 
unverified hourly rainfall daily rainfall daiiy rainfall 
hourly 
rainfall 

Sonya 6168100 44° 13.200' N 78° 57.000' W 275 2001/06/01 to 
2006/12/31 

Udora 6119055 44° 15.600' N 79" 9.600' W 262 1989/09/01 to 
2006/12/31 

Baldwin I 6110480 44" 16.200' N 79" 19.200' W 229 200411 2/0 I to 
2006/12/31 

Toronto ButtonviJIe 615hmak 43° 51.600' N 79° 22:200' W 198.1 1986/05123 to 2003/11101 to 1986105101 to 

I 
2003/11101 2010101/31 200110131 
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4. Data Analysis and Results 

The intent of the data analysis is to determine the event, monthly, seasonal and annual 

statistics of all the stations and their spatial distribution and to determine the driest, 

wettest years and average annual rainfall. The process of data analysis was carried out in 

two phases: a. Analysis of hourly data, and b. Analysis of daily data. 

4.1. Analysis of hourly data 

The process of data analysis was started with the verified daily records of hourly data. A 

program in Excel VBA was developed to separate the data into different inter event time 

definition (IETD). The data were separated into IETDs of 6 hours, 12 hours and 24 hours 

and the whole rainfall data was divided into different rainfall events. For simplicity and 

preliminary data analysis, the missing data were converted to a zero value i.e. no rainfall. 

For each rainfall events, duration of rainfall, volume of the rainfall and peak value of the 

rainfall was calculated. The antecedent time of each rainfall event was also evaluated 

from the program. An example of data analysis with 12 hour IETD for Egbert station for 

the year 1997 is presented in Table 8. The Excel VBA program is presented in 

Appendix A. 

From the identified independent rainfall events, various rainfall event statistics were then 

calculated for the whole period on record as well as for each separate year. The approach 

was to identify a typical year representing all the data. A typical year is the year for 

which the characteristics match the closest to the long term record. The statistics 

characteristics calculated were: 

a. No. of events 

b. Maximum event depth 

c. Event standard deviation 

d. Event skeweness 

e. Geometric mean event depth 

f. Log-transformed event standard deviation 
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g. Log-transformed event skew 

h. Total annual rainfall 

1. Maximum antecedent period 

j. Average antecedent period 

k. Antecedent period standard deviation 

An example of this calculation for 12 hour lEID for Egbert Station is presented In 

Table 9. 

Due to insufficient number of raingage stations and only a few years of data further 

analysis of hourly data was not conducted. However, the program and framework for the 

analysis of the data has been established with this project work and the same can be 

adopted to analyze the data when sufficient data IS available. 
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T bl 8- E fd t ). 'th 12 h IETD Ii E b rt t r Ii th 1997 a e xamI! eo a a ana;rsis WI our , or g e S a Ion or eyear 

I 
I Event Volume of Antecedent Peak 

• Start Time End Time Duration No. Rainfall Time Rainfall 

'Year Month . Day ·Hour Year. Month Day Hour hr mm hr 

I 
mm 

1997 4 5 16 1997 4 5 20 4 1 2.5 0.7 
1997 4 6 21 1997 4 6 21 0 2 0.4 25 I 0.4 
1997 4 12 8 1997 4 12 20 12 3 1.2 131 0.3 i 

1997 4 16 ; 12 1997 4 16 18 6 4 1.9 88 0.5 
1997 4 19 10 1997 4 20 8 22 5 3.9 64 1.2 

I 1997 4 27 21 1997 4 28 11 14 6 12.1 181 2.5 
1997 5 24 21 1997 5 24 23 2 7 2.2 634 1.4 
1997 51 29 15 1997 5 30 6 15 8 6.1 112 2.3 
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b I Ta Ie 9- Example of calculation of event statistics with 12 hour ETD for E2bert station 

Description All (1997 to 2003) 1997 1998 1999 2000 2001 2002 2003 

No. of events 46.857 9 35 48 58 62 47 44 

Maximum event depth (volume) mm 70.0001 12.100 25.400 53.000 70.000 41.300 44.300 26.600 

Average Event depth (volume) mm I 7.748 3.367 5.143 9.496 10.495 6.492 8.398 6.827 

Event Standard Deviation I 10.492 3.651 6.823 11.884 14.902 8.991 9.818 6.892 

Event Skewness 2.347 2.095 1.694 1.710 2.123 2.116 1.756 1.084 

Geometric Mean Event Depth 3.036 2.198 2.015 3.404 4.028 2.404 3.539 3.440 

Log-transformed event standard 
i deviation 1.525 0.979 1.479 1.703 1.529 1.576 1.526 i 1.347 

Log-transformed event skew -0.188 I 0.109 0.132 -0.338 -0.195 -0.130 -0.312 -0.381 

Total Annual Rainfall 

I 
138.167 30.300 180.000 455.800 608.700 402.500 394.700 300.400 I 

Maximum Antecedent period 8082.000 634.000 . 8082.000 4081.000 3802.000 i 3862.000 3911.000 3664.000 I 
i Average Antecedent Period 170.591 : 156.125 348.143 171.208 141.362 131.984 180.660 166.909 

Antecedent Period Standard deviation 657.826 200.743 1377.58 582.357 I 493.402 487.677 562.943 544.417 
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4.2. Analysis of Daily Data 

Verified Monthly records of Daily Data were analyzed to obtain the yearly, monthly and 

seasonal variations in rainfall in the region. The analysis was done in the following steps: 

a. Data conversion and filling in missing data 

b. Analysis for Yearly Statistics 

c. Analysis for Seasonal Statistics 

d. Analysis for Monthly Statistics 

Data Conversion and Filling in Missing data 

A vailable data from all the 11 stations were converted into excel fonnat and studied for 

available and missing data. The flagged data from these stations were converted to the 

value represented by these data. For this the trace data represented by OOOOOT was 

converted to O. The estimated amount of rainfall such as 00013E \vas converted to 13. 

Data with flag 'L' such as OOOOOL meaning "precipitation mayor may not have 

occurred" \vas converted to O. Data with flag 'c' such as OOOOOC meaning "precipitation 

occurred amount uncertain" was converted to zero. "Accumulated and estimated" data 

represented by flag 'F' such as 200F \'v"as converted to 200 and similarly data represented 

by flag 'A' such as 200A meaning "accumulated" was converted to 200. 

Table 10 summarizes the received data and missing data infonnation after all the 

conversion. 

T hi 10 S a e : f . d 'fi d ummary 0 receive ven Ie mOD tbl d r d 'I d t ly rccor so al v aa l Stations I Station Starting End Date I Total No. l\'lissing 
Code Date ! of Data Data . 

~-"""" 

! Aurora I 6150398 2003/7/01 2006/12/31 1280 ! 0 
i 

l ! 
I I , 

I Lagoon City 6114295 1997/06/01 : 1999/10/31 791 251 ! 

I ' 
I OdIlia 6115818 1957/02/01 1965/01131 2908 86 

I 
! Barrie WPCC 6110557 . 1977/09/01 2006/12/31 • 10743 26 
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I Stations Station Starting End Date Total No. l\'lissing I 
Code Date of Data Data : 

I 

I Shanty Bay 6117684 1973/01101 2006/12/01 12418 9 
..... ~ 

1274 

I 
Coldwater 6111769 1971/08/01 ' 2006112131 12770 

Warminster I .. 
10 Blackstock 16150398 2003/07/01 . 2006/10/31 1280 

I 
:rvlarsh Hill 6150790 2003/07/01 2006/10/31 2040 0 

i 

Sonya 6155000 2001106101 2006112/31 2040 
1

101 

Udora 6119055 1989/09/01 2006/12/31 6331 33 

Baldwin 6110480 2004112101 2006112/31 
1

761 12 

Toronto 615hmak 1986/05/01 , 2009/10101 I 8586 124 
. Buttonville ! 

Unknown 6115811 1957102/01 1965/01101 5174 39 
and and and and 
1992/08/01 2006/12/01 • 5174 7 I 

Unknown 
r 

6163360 • 2001/06i01l2006/12/01 1
2040 

1
226 

I I 

Unknown 16168100 2001/06/01 2006/03/31 1765 and o and I 

and and \ 

I i 200611 0101 2006/12/01 i 92 10 
r----:-

i611Kbeo 11998/08/01 12006/12/01 6727 0 Unknown 
I , 

The initial evaluation of data revealed that only four stations namely Barrie WPCC, 

Coldwater Warminster, Shanty Bay and Udora had data for an approximate period of 20 

years and all the other stations had insufticient data for further analysis. Based on the 

available data only these 4 stations were chosen for further analysis. 

The received data for these 4 stations were only up to the year 2006. Available data from 

Environment Canada website was then used to supplement these data to the year 2010. 

Data for Coldwater Warminster, Shanty Bay and Udora were available on the website 

and were extracted till March 2010. However, for Barrie \\lPCC station, data for 2007 

were completely missing and only fragmented data was available for 2008 and 2009 so 

this was discarded and only data up to 2006 was used for further analysis. 
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Missing data were then filled for these stations. Station average method was used for 

filling in the missing data. All the remaining 3 stations were used for the filling in the 

missing data from 1991 to 2006 while only 2 remaining stations were used for filling in 

the data for the years 2007 to 2010 and for years 1973 to 1990. The missing data where it 

was missing from all the stations were left to zero value. 

Analysis for Yearly Statistics 

For the yearly statistics of rainfall data and to be consistent past studies for Lake Simcoe 

such as "Report on the Phosphorous Load on Lake Simcoe, 2004-2007", the yearly data 

was first separated into hydrological year starting from 1 sl June to 31 sl March. The 

rainfall amount for each hydrological year was summed up to obtain the total yearly 

rainfall for that year for each raingage station. Station Average method was then used to 

obtain the mean yearly rainfall for that hydrological year and the average of the mean 

yearly rainfall was calculated to obtain overall average annual rainfall for the watershed. 

The hydrological yearly data for all 4 stations is presented in Appendix B. Graphical 

representation of the yearly rainfall is presented in the following figure. 
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Fig 9: Hydrological Yearly Rainfall Data 
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Table below presents a summary of the hydrological yearly rainfall data for the region. 

1975 -1976 507.6 

i 
592.0 

I 

549.8 I 548.2 59.68 

1976 -1977 . 557.1 650.2 t- 603.7 I 601.9 65.83 
I 

• 1977 - 1978 • 689.8 741.6 715.7 715.2 36.63 

\ 1978 - 1979 \ 700.4 568.0 I 594.3 620.9 618.3 1 70.09 I 
I - I I ! 1979 1980 811.3 670.1 I 665.0 715.5 712.4 83.03 

11980 - 1981 904.5 I 790.4 ! 713.7 I 802.9 I 799.1 96.01 

I 1981-1982 • 747.4 616.6 I 610.2 658.1 I 655.2 1 77.43 

1982 -1983 912.8 ! 850.8 I 823.1 
i 

862.2 i 861.4 45.93 

i 1983 -1984 696.4 607.8 571.5 625.2 623.1 64.25 

1984 1985 i 740.4 663.4 i I 642.0 681.9 680.7 i 51.75 

1985 -1986 776.1 721.8 I I 725.7 741.2 740.8 l 30.26 

1986 -19871 798.8 I 802.0 1 862.8 821.2 820.7 I 36.06 

1987 -1988: 658.0 I 701.2 766.6 I 708.6 707.2 54.68 

1988 -1989 716.8 I 655.2 I 705.5 692.5 692.0 32.79 
I 

1989 -1990 776.1 694.9 I 658.8 709.9 708.3 60.08 

1990 -1991 794.2 775.4 829.1 I 768.2 I 791.7 791.4 I 27.24 

1991-1992 • 568.6 525.0 502.2 I 506.8 i 525.7 ! 525.0 30.28 

1992 ·1993 ! 751.0 669.6 
. 

653.8 665.2 1 684.9 683.9 44.57 

1993 -1994 ! 788.4 708.6 670.9 I 690.1 714.5 i 713.1 51.62 

I 1994 - 1995 I I 
'. , 

685.0 599.2 565.5 615.5 616.3 614.8 50.31 

I 1995 - 1996 i 781.2 893.0 I 891.3 921.7 I 871.8 I 870.1 61.99 , 
I 1996 -1997 752.3 850.0 840.0 849.0 822.8 821.8 47.23 
I 

I 1997 - 1998 682.7 587.0 654.7 606.5 632.7 631.6 43.80 

i 1998 - 1999 I 715.0 642.2 691.5 I 610.5 664.8 663.5 47.22 

i 1999 - 2000 • l 849.5 775.4 862.7 859.8 836.8 836.1 41.35 
, 1 2000 - 2001 770.7 735.4 731.9 755.7 748.4 748.3 18.18 

! 2001- 2002 794.0 I 803.2 i 843.9 825.6 816.7 816.5 22.47 

2002 - 2003 1 544.3 558.0 
I 

608.6 539.0 562.5 561.8 31.77 

2003 - 2004 896.7 
i 

739.0 i 815.8 \ 928.8 845.1 
i 

841.8 85.22 

2004 - 2005 I 583.3 i 555.6 581.6 570.0 572.6 572.5 12.79 

2005 2006 I 601.4 I 745.4 I 749.9 i 
685.3 695.5 I 692.8 69.30 

2006 - 2007 920.2 818.9 822.1 853.7 852.5 57.59 
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I , 
Average Geometric ' Standard 

YEAR Total Rainfall (mm) (mm) Mean Deviation 

Shanty I 1 Barrie I 
Coldwater Bay I Udara WPCC I 

2007 2008 I 836,6 673,0 560.0 
I 

689.9 680.6 139.07 

2008 - 2009 j 752.5 I 748.0 910.9 
J 

803.8 1 800.4 I 92.79 
I 

I 2009 2010 i 630.2 640.9 614.8 628.6 628.5 13.12 
i I 

Average All i 730.7 696.1 720.1 704.9 709.5 708.7 

The overall annual average rainfall for a114 stations is calculated as 709.5 mm. A plot of 

overall average rainfall over the yearly variation is shown in the following figure. 
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Fig 10: Yearly Rainfall Data with mean Annual Rainfall 
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The analyzed yearly data were then ranked in the order of highest to lowest value for all 

the stations to obtain the wettest and driest year. The following table presents the ranking 

of the yearly data. 
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Table 12: Ranking of Yearly Rainfall data 

Rank Coldwater Shanty Bay Barrie WPCC Udora Average I 
! Year Rainfall Year Rainfall Year Rainfall I 

Year Rainfall Year Rainfall i 

1 2006 - 2007 920.2 1995 - 1996 893.0 2003 - 2004 928.8 2008 - 2009 910.9 1995 -1996 871.8 

2 1982 -1983 912.8 1982 -1983 850.8 1995 -1996 921.7 i 1995 -1996 891.3 1982 -1983 862.2 

3 1980 -1981 904.5 1996 -1997 850.0 1986 -1987 862.8 1999 - 2000 862.7 2006 - 2007 853.7 

4 2003 - 2004 896.7 2006 - 2007 818.9 1999 - 2000 859.8 2001- 2002 843.9 2003 - 2004 845.1 

5 1999 - 2000 849.5 2001- 2002 803.2 1996 - 1997 849.0 1996 -1997 840.0 1999 - 2000 i 836.8 
! 6 2007 - 2008 836.6 1986 -1987 802.0 2001- 2002 825.6 1990 -1991 829.1 1996 -1997 822.8 

I 

7 1979 - 1980 811.3 1980 -1981 790.4 1982 -1983 823.1 2006 - 2007 822.1 1986 -1987 821.2 

8 1986 -1987 798.8 1999 - 2000 775.4 : 1990 -1991 768.2 2003 - 2004 815.8 2001- 2002 816.7 

9 1990 -1991 794.2 1990 -1991 775.4 1987 -1988 766.6 2005 - 2006 749.9 2008 - 2009 803.8 

10 2001- 2002 794.0 2008 - 2009 748.0 . 2000 - 2001 755.7 2000 - 2001 731.9 1980 -1981 802.9 

11 1993 -1994 788.4 2005 - 2006 745.4 1985 -1986 725.7 1998 -1999 691.5 1990 - 1991 791.7 

12 1995 -1996 781.2 1977 - 1978 741.6 1980 -1981 713.7 1993 -1994 670.9 2000 - 2001 748.4 

1;3 1989 - 1990 776.1 2003 - 2004 739.0 1988 - 1989 705.5 1997 -1998 654.7 1985 -1986 741.2 

14 1985 -1986 776.1 2000 - 2001 735.4 1993 -1994 690.1 1992 - 1993 653.8 i 1973 -1974 716.4 

15 2000 - 2001 770.7 1985 -1986 721.8 2005 - 2006 685.3 2009 - 2010 614.8 1977 - 1978 I 715.7 

16 2008 - 2009 752.5 1973 - 1974 712.7 1992 -1993 665.2 2002 - 2003 608.6 1979 -1980 715.5 

17 1996 - 1997 752.3 1993 - 1994 708.6 1979 -1980 665.0 2004 - 2005 581.6 1993 -1994 714.5 

18 1992 -1993 751.0 1987 - 1988 701.2 1989 -1990 658.8 1994 -1995 565.5 1989 -1990 709.9 I 
I 

19 1981-1982 747.4 1989 - 1990 694.9 1984 -1985 642.0 ! 2007 - 2008 560.0 1987 - 1988 708.6 

20 1984 - 1985 740.4 2007 - 2008 673.0 1994 -1995 615.5 1991-1992 502.2 2005 - 2006 695.5 

21 1973 - 1974 720.1 1974 -1975 672.9 . 1998 -1999 610.5 1988 - 1989 692.5 

i 22 1988 ~ 1989 716.8 1979 -1980 670.1 1981-1982 610.2 I 2007 - 2008 689.9 

23 1998 -1999 715.0 1992 -1993 669.6 1997 -1998 606.5 I L 1992 -1993 684.9 i 
24 1978 -1979 700.4 1984 -1985 663.4 1978 -1979 594.3 1972-1973 684.5 
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Table 12: Ranking ofVearly Rainfall data 

Rank I Coldwater Shanty Bay Barrie WPCC Udora 
• 

Average 

! Year Rainfall 
I 

Year I Rainfall Year Rainfall Year Rainfall I Year Rainfall 
: "' .. 

25 ! 1983 -1984 696.4 1988 - 1989 655.2 1983 -1984 571.5 1984 - 1985 681.9 

! 26 . 1977 - 1978 i 689.8 1976 -1977 650.2 2004 2005 570.0 1974 -1975 672.8 

27 I 1994 - 1995 685.0 I 1998 -1999 642.2 2002- 2003 539.0 I ! 
1998 -1999 664.8 

28 1972-1973 684.5 2009 - 2010 I 640.9 I 1991-1992 506.8 I i 1981-1982 658.1 

29 1997 -1998 682.7 1981 - 1982 i 616.6 1997 -1998 632.7 . 
30 1974 -1975 672.6 I 1983 - 1984 1 607.8 I I 2009 - 2010 • 628.6 

31 1987 -1988 658.0 I 1994 -1995 599.2 1983 -1984 625.2 

32 ! 2009 2010 I 630.2 ! 1975 - 1976 ! 592.0 
! 

1978 1979 620.9 

33 2005 - 2006 '. 601.4 1997 -1998 587.0 I 
1994 -1995 I 616.3 

34 2004 - 2005 i 583.3 1978 -1979 ' 568.0 I 1976 -1977 603.7 

35 1991-1992 • 568.6 2002 - 2003 I 558.0 i 2004 - 2005 572.6 i 
36 • 1976-1977 557.1 2004 2005 555.6 I I 2002 - 2003 562.5 I 

• 

37 2002 - 2003 544.3 1991 1992 525.0 
• 

1975 1976 549.8 

38 1975 -1976 507.6 1991 1992 525.7 
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From the ranking table it is observed that highest rainfall was recorded at different 

raingage stations in different hydrological years. The highest yearly rainfall recorded at 

Coldwater Warminster was in 2006-2007; at Shanty Bay in 1995-1996; at Barrie WPCC 

in 2003-2004 and at Udora in 2008-2009. However, the average value obtained from the 

cumulative data of all the raingage stations showed that overall average highest rainfall 

was in the hydrological year 1995-1996. Based on the result, it is inferred that 

hydrological year 1995-1996 was the wettest year for the watershed. The mean yearly 

rainfall amount for hydrological year 1995-1996 was 871.8 mm. 

Similarly, different raingage stations recorded the lowest rainfall in different hydrological 

years. Based on the average data of all the stations, it is seen that hydrological year 1991-

1992 was the driest year with only 525.7mm of rainfalL 

Mann-Kendall test was perfonned on the data to establish a trend in the rainfall records. 

The theoretical background of Mann-Kendall test is explained in section 2.6 of this 

report. MAKESENS version 1.0 (2002), an excel program developed by Finnish 

Metrological Institute - "Conduct 11ann-Kendall test and Sen's Slope Estimate for the 

Trend of Annual Data" was used to conduct the test. A 95% level of significance was 

chosen to conduct the test. The test was then perfonned for aU 4 stations. Table below 

summarizes the result obtained from the test. 

T hi 13 R It fM K d lIt t 'f:lldt a e : esu 0 ann- en a es on yearlY ram a a a 
\ Station Starting \ Last I: Nu~ber of !. Normalized Computed Trend at 

Hydrological I Hydrological I readings Test Probability 95% Level of 
Year I Year i Statistics Z significance 

Coldwater 1972-1973 I 2009-2010 
• 

38 i 1.08 0.860 
I 

No Trend 

Shanty Bay 1973-1974 I 2009-2010 
Ii 

37 I 0.65 0.743 No Trend I 
Udora 1990-1991 II 2009-2010 20 0.36 0.639 No Trend 
Barrie Wpcc 1978-2005 I 2005-2006 28 I 0.61 0.730 No Trend ! 

41 



Graphical representation of the test for the 4 stations are presented in the following 
figures. 
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Figll: Graphical presentation of Mann-Kendall test, Coldwater Warminster 
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Fig12: Graphical presentation of Mann-Kendall test, Shanty Bay 
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Fig13: Graphical presentation of Mann-Kendall test, Udora 
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Fig14: Graphical presentation of Mann-Kendall test, Barrie WPCC 

'/ 

Normalized test statistics Z and probability associated with Z were calculated for the 

yearly data for all the 4 stations. None of the values of the probability were exceeding the 

selected level of significance (95%). Based on the results of the Mann-Kendall test no 

trend is established on the yearly rainfall data. 

43 



Analysis for Seasonal Statistics 

Analysis of data was done to obtain the seasonal variation of the rainfall. Data were 

separated into four seasons based on climatologic condition of the region. Winter season 

comprised of December, January and February; spring comprised of March, April and 

May; summer comprised of June, July and August and fall comprised of September, 

October and November. Rainfall for each year per season was added and averaged to 

obtain average seasonal rainfall for each raingage station. Seasonal average for the 

watershed was then obtained by Station Average method. The analyzed data for the 

seasonal variation is presented in appendix D. Graphical representation of the seasonal 

rainfall is presented in the following figure. 
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Fig 15: Seasonal Rainfall Data 
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Table belo\v presents a summary of the analyzed seasonal rainfall data for the 4 raingage 

stations. 

Table 14: Summary of Seasonal Rainfall Data 

Average ' Geometric Standard 

Season Rainfall (mm) (mm) Mean Deviation 

• Shanty Bay I I Coldwater i 
Barrie 

Udora WPCC i 
Winter (Dec, 

i I ±sl I 

Jan, Feb) 60.8 52.2 61.89 i 61.57 

Spring (Mar, I I 

Apr, May) 162.2 i 169.7 176.7 168.6 169.27 • 169.19 

Summer (Junt 
I, 

264.8 \ 

I 
Jury, Aug) 246.8 248.5 249.2 252.35 I 252.25 • 

Fall (Sept Oct, I 207.71 
I 

225.94 I Nov) 224.5 i 239.9 • 233.0 i 226.26 i 
The analyzed seasonal data were then ranked m the order of highest to lowest value for 

all the stations to obtain the wettest and driest season. The following table presents the 

ranking of the seasonal data 

Table 15: Ranking of Seasonal Rainfall data 

. 

I i 

7.12 

5.94 

8.37 

13.87 

Rank Shanty Bay ! Udora : Coldwater i Barrie Wpcc Average 
1 I _. I . : 

Season I Rainfall I Season I Rainfall I Season ! Rainfall I Season ! Rainfall Season Rainfall 
I 

I summer! 

i 

Summer I 
I I 

1 Summer i 246.8 264.8 248.5 Summer 249.2 I Summer' 248.88 

I I I 
I 

236.43 I 2 Fall i 224.5 i Fan 207.7 Fall 239.9 I, Fall 233.0 Fall 

I 
Spring I I I I : 

I I 
3 162.2 Spring 169.7 Spring 176,7 , Spring 168.6 Spring 172.61 

I I 
I I 

i 

I 

4 Winter i 60.8 Winter 67.0 Winter 67.5 I Winter I 52.2 i Winter 
'" 

From the ranking table it is observed that highest and lowest rainfalls were recorded in 

the same season for all the raingage stations. It is observed that the summer season is the 

wettest season with an average rainfall of 248.9 mm. However, fall season also has 

comparable amount of rainfall with an average of 236.4 mm. Winter is the driest season 

with only an average of 59.8 mm rainfall. 
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Mann-Kendall test was perfonned on the seasonal data of all years to establish a trend in 

seasonal variation over the years. The same program, MAKES ENS version 1.0 (2002) 

was used for the test. Similar to the test for yearly data, a 95% level of significance was 

chosen to conduct the test. The test was perfonned for all 4 stations and for all the years 

of available data. Table below summarizes the result obtained from the test. 

Table J 6: Result of Mann-Kendall test on seasonal rainfall data 
,...--" 

Station Starting Last Number of Normalized Computed Trend at 
Year Year readings Test Probability 95% Level 

Statistics Z of 
I 

I i significance I I 

Coldwater I 

-----! 
Winter i 1972 2008 37 2.26 0.988 Increasing 

· Spring I 1972 2008 37 1.22 0.888 No Trend 

Summer 1972 2008 37 -1.22 0.112 No Trend 

Fall I 1972 2008 37 -0.51 0.305 No Trend 

Shanty Bay 

· Winter 1973 2009 I 36 2.34 0.990 Increasing 

Spring 1973 2009 36 0.80 0.789 No Trend 

Summer 1973 2009 36 -0.40 0.346 No Trend 

Fall 1973 2009 36 -0.18 0.430 No Trend 

· Udora 
Winter 1990 2008 19 0.00 0.500 No Trend 

Spring 1990 2008 19 0.21 0.583 No Trend 

Summer 1990 2008 19 I 0.14 0.556 No Trend 

· Fall 1990 2008 19 -0.07 0.472 No Trend 

Barrie WPCC 

i Winter 1978 2004 27 1.79 0.964 Increasing 

: Spring 1978 2004 27 I -0.21 0.417 No Trend 

i Summer 1978 2004 27 1.13 0.870 No Trend 

, Fall 1978 2004 27 -0.63 0.266 No Trend 

Based on the results of the test, an increasing trend was seen for the winter season rainfall 

data at 3 of the 4 stations, Coldwater Warminster, Shanty Bay and Barrie WPCC. No 

trend was observed for other seasonal rainfall data. 
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Analysis for Monthly Statistics 

Analysis of data was further done to obtain the monthly variation of the rainfall. Data 

were separated individual months for all the years per raingage station. Total precipitation 

for each month from all the available data was calculated and averaged to obtain the 

monthly rainfall for the particular station. Mean monthly rainfall for the region was then 

calculated by Station Average method. The analyzed monthly rainfall data is presented in 

the Appendix C. Graphical representation of the monthly rainfall is presented in the 

following figure. 

Fig 16: Monthly Rainfall Data 
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Table below presents a summary of the analyzed monthly mean rainfall data for all 4 

stations. 

Table 17: Summary of monthly rainfall data 

I I 

I Average Geometric Standard 

Month Total Rainfall (mm) 

I 

(mm) Mean Deviation 
i 

! Barrie 
I Shanty Bay I Udora i Coldwater i WPCC 

January 1 17.93 I 23.67\ 22.69 I 15.83 20.03 19.76 
i 

February 
I 

18.641 20~20 I i 17.02 I 13.01 17.22 16.99 

March i 31.58 I 27.55 39.14 30.10 32.09 31.82 

April I 54.72 • 58.55 56.06 57.76 56.77 56.75 

May i 75.86 83.61 81.46 80.69 i 80040 80.35 ! 
June 84.01 I 103.35 81.26 83.91 I 88.13 87.71 

July 77.22 : 85.47 81.88 74.84 I 79.85 79.75 

August 
I 

76.01 I 85.37 90.49 . 84.37 84.20 , 85.61 ' 

September 89.42 I 76.01 I 92.77 92.10 I 87.57 87.29 i 

October 75.70 70.23 86.39 76.40 i 77.18 76.97 

November 61.11 61.49 60.71 64.48 I 61.95 61.93 I 
December " 24.28: 26.34 24.58 I 23.39 24.65 24.62 

The analyzed monthly data were then ranked in the order of highest to lowest value for 

all the stations to obtain the wettest and driest month. The following table presents the 

ranking of the monthly data. 
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Table 18: Ranking of Monthly Rainfall data 

! Rank Shanty Bay Udora Coldwater Barrie Wpcc 
I 

Average 1 

Month Rainfall Month Rainfall Month fall Month Rainfall Month T Rainfall 

1 1 September I 89.42 June 103.35 September 
< < 

92.77 ' sePtem~ 92.10 June 88.13 

J August 
, 

2 85.61 July 85.47 October 86.39 August 90.49 September 87.57 i 
I 3 June 84.01 May 83.61 August 85.37 June 83.91 August 84.37 I 

4 I July 77.22 September 76.01 July 81.88 , May i 80.69 ~ay , 80.40 I 
i 

« 

I 

i 
5 I May 75.86 August 76.01 i May 81.46 October 76.40 I Iy 

I 

79.8~ 

6 October 
I 

75.70 October 70.23 . June 81.26 July I 74.84 1!0ber 
77.18 

I 61.49 I November 1 
• 7 November 61.11 November 60.71 November 64.48 vember 61.95 I 

8 April 54.72 April 58.55 April 56.06 April 57.76 April 56.77 
, I March . March 32.09 i 9 31.58 . March 27.55 I March 39.14 March 30.10 

I '--.--« 

10 - December 24.28 December I 26.34 December 24.58 December 23.39 December 24.65 

11 February I 18.64 January I 23.67 January 22.69 January 15.83 January 
I 

20.03 I I--
I January 20.20= 12 i 17.93 . February 17.02 February February 13.01 February 17.22 

« 

49 



From the ranking table it is observed that highest average rainfall was recorded in the 

month of September in three of the 4 stations while it was recorded in the month of June 

in one of the stations. The highest value for the overall average for all the 4 stations was 

identified in the month of June. From the results it can be inferred that the month of June 

is the wettest month for the watershed. This is in line with the seasonal rainfall statistics 

where summer season was identified as the wettest season followed comparably by the 

fall season. The average rainfall amount for the month of June was identified to be 88.1 

mm. 

Similarly, lowest average rainfall was recorded in the month of February in three of the 4 

stations while it was recorded in the month of January in one of the stations. The lowest 

value for the overall average for a114 stations was identified in the month of February and 

is considered to be the driest month for the watershed. The average rainfall amount for 

the month of February was identified to be 17.22 mm. 

Mann-Kendall test was performed on the monthly data of all years to establish a trend in 

monthly variation over the years. The same program, MAKESENS version 1.0 (2002) 

was used for the test. Similar to the test for yearly and seasonal data, a 95% level of 

significance was chosen to conduct the test. The test was performed for all 4 stations and 

for all the years of available monthly data Table below summarizes the result obtained 

from the test. 

. Table 19- Result of Mann-Kendall test on monthlv rainfall data . 
ration Starting last Year Number of Normalized Computed Trend at 

Year readings Test Probability 95% level 
Statistics Z of 

I l I significance 
I Coldwater 
I Jan 1973 2009 1 37 2.46 0.993 Increasin& 
! Feb 1973 i 2009 I 37 I 1.03 I 0.850 No Trend 
I Mar 1973 2009 I 37 I -0.82 i 0.205 No Trend 
I Apr i 1973 i 2009 I 37 ' 0.55 0.709 . No Trend .-... 

~May I . 1973 i 2009 I 37 1.40 0.919 No Trend 
, June 1973 2009 i 37 -0.14 0.443 ' No Trend 

~IY 1973 2009 37 -0.03 0.490 No Trend 
. Aug 1973 2009

1 

37 -2.33 0.010 No Trend 
.. Sept. 1973 i 2009 37 ! -1.45 : 0.073 L No Trend 
r::--

1973 i ~009 37 0.44 ~ No Trend i Oct 
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I Starting Last Year Number of Normalized Computed Trend at 

Year readings Test Probability 95% level 
Statistics Z of 

I I significance 

I Nov 1973 2009 37 -0.33 I 0.372 No Trend 

1973 2009 37 i 1.58 i 0.943 NOTr~ , Dec 
I Shanty Bay 

1.94 : 
. ----..--... 

I . Jan I 1974 2009 i 36 0.974 i Increasing 

, Feb I 1974 2009 36 1.05 0.853 No Trend 
I 

Mar 1974 2009 I 36 -0.95 . 0.170 No Trend 

! Apr 1974 ' 2009 36 0.68 0.752 I No Trend I 

,~. 

2009 I 0.79 I 0.785 I No Trend May 1974 36 

June 1974 2009 36 i 

~ 
0.721 No Trend 

July 1974 2009 36 I 0.847 No Trend 

Aug 1974 i 2009 36 -2.36 0.009 No Trend 

Sept 1974 2009 36 I -0.99 0.160 : No Trend i 
I Oct 1974 2009 36 0.40 0.654 No Trend 

! Nov I 1974 i 2009 36 0.08 0.533 No Trend I 

I Dec 1974 i 2009 36 1.39 0.918 No Trend 

Udora 
Jan 1991 i 2009 19 -0.81 0.210 No Trend 

Feb 1991 2009 i 19 1.23 0.890 No Trend 

Mar 1991 2009 19 0.81 0.790 i No Trend 

Apr I 1991 2009 19 -0.14 I 0.444 I No Trend I 
May I 1991 2009 I 19 1.61 0.946 I No Trend I 

i June 1991 I 2009 19 0.70 0.758 ! No Trend i 
July 1991 2009 19 0.14 0.556 No Trend 

I Aug 1991 2009 19 -1.12 0.131 I No Trend 
Sept i 1991 2009 i 19 , -1.12 ' 0.131 i No Trend 
Oct· 1991 2009 • 19 , 0.28 ! 0.610 ' No Trend 
Nov 1991 I 2009 i 19 I 0.00 0.500 ' No Trend I 
Dec 1991 i 2009 19 0.929 I No Trend 

, Barrie Wpcc -
Jan 1979 2005 27 1.26 i 0.895 No Trend 
Feb 1979 2005 27 i 1.14 II 0.872 No Trend I 
Mar I 1979 2005 27 -0.75 , 0.226 No Trend 
Apr I 1979 2005 27 -0.79 i 0.214 No Trend 
May 1979 2005 27 0.71 0.761 No Trend 

I 

I June 1979 I 2005 27 , 0.96 0.831 No Trend 
I 1979 ! 2005 27 ' 0.21 0.583 No Trend July 

Aug 1979 2005 27 -0.46 0.323 i No Trend 
Sep~ 1979 , 2005 27 -0.38 0.354 i No Tre~ 

I Oct 1979 2005 27 ! -1.04 0.149 I No Trend 
Nov 1979 ! 2005 27 -0.44 0.331 No Trend 

( Dec 1979 2005 I 27 0.58 I 0.720 No Trend i 
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Based on the results of the test, an increasing trend was seen for the month of January in 

hvo of the 4 raingage stations. Coldwater Warminster and Shanty Bay shO\ved an 

increasing trend in the rainfall data for the month of January. No trend was observed for 

other monthly rainfall data. 
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5. Conclusion 

Hourly and Daily rainfall data from 13 raingage stations around Lake Simcoe area were 

analyzed to characterize the rainfall contributing to Lake Simcoe watershed. Analysis 

was done to characterize the data into event, monthly, seasonal and annual statistics and 

thereby to determine the driest, wettest and average annual rainfall. The available data 

ranged from May 1968 to November 2003 for hourly data and February 1957 to May 

2010 for daily rainfall data. However it was observed that the time interval for the 

available data was not consistent among the raingage stations. The analysis was started 

with hourly data to characterize the rainfall event. A program was developed in Excel 

VBA to separate the rainfall into different events with 6hr, 12hr and 24hr inter-event time 

definition. Due to insufficient amount of available data the characterization of rainfall 

event was discontinued. Nevertheless a program and framework of analysis has been 

developed under this project work which can be utilized when the data are available. 

Daily data were analyzed for monthly, seasonal and yearly mean rainfall values and to 

obtain the driest, wettest and average annual rainfall statistics. The analysis of data 

revealed that only 4 stations contained data for an approximate period of 20 years and 

only these 4 stations were chosen for analysis of the rainfall. For the analysis of yearly 

data, the data were first separated into hydrological year which is from 1 5t June to 31 5t 

March. The hydrological year was chosen to be consistent with the past studies on 

phosphorous loading for Lake Simcoe such as "Report on the Phosphorous Load on Lake 

Simcoe, 2004-2007". For the seasonal analysis the yearly data were separated into 4 

seasons. Winter season comprised of December, January and February; spring comprised 

of March, April and May; summer comprised of June, July and August and fall 

comprised of September, October and November. For the monthly analysis, the obtained 

data were separated into 12 calendar months. 

Mann-Kendall test was performed on the data to establish a trend in the rainfall records. 

MAKESENS version 1.0 (2002), an excel program developed by Finnish Metrological 

Institute - "Conduct Mann-Kendall test and Sen's Slope estimate for the Trend of Annual 
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Data" was used to conduct the test. A 95% level of significance was chosen to conduct 

the test. 

The following conclusions were derived based on the analysis of verified daily data-

Hydrological year 

Highest rainfall was recorded at different ramgage stations In different 

hydrological year. However, the average value obtained from the cumulative data 

of all the raingage stations showed that overall highest rainfall for the watershed 

was in the hydrological year 1995-1996 and is considered to be the wettest 

hydrological year. The mean yearly rainfall amount for hydrological year 1995-

1996 was 871.8 mm. 

Different raingage stations recorded the lowest rainfall in different hydrological 

years. However, based on the average data of all the stations, it is seen that 

hydrological year 1991-1992 was the driest year for the watershed with only 

525.7mm of rainfall. 

The average annual rainfall for the watershed is identified as 709.5mm. 

Based on Mann-Kendall test results no trend was observed for the hydrological 

yearly rainfall. 

Seasonal 

Highest rainfall was recorded in the summer season for all the 4 raingage stations. 

The summer season is considered the wettest season for the watershed with an 

average rainfall of 248.9 mm. However, fall season also has comparable amount 

of rainfall with an average of 23 6.4 mm. 

Lowest rainfall was recorded in the same season for all the 4 raingage stations. 

Winter is the driest season for the watershed with only an average of 59.8 mm 

rainfall. 

Based on Mann-Kendall test results, an increasing trend was seen for the v.inter 

season rainfall data at 3 of the 4 stations, Coldwater Warminster, Shanty Bay and 

Barrie WPCc. No trend was observed for other seasonal rainfall data. 
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l\Ionthly 

Highest average rainfall was recorded in the month of September in three of the 4 

stations while it was recorded in the month of June in one of the stations. 

However, the highest value for the overall average for all the 4 stations was 

identified in the month of June and is considered to be the wettest month for the 

watershed. This is in line with the seasonal rainfall statistics where summer 

season was identified as the wettest season followed comparably by the fall 

season. The average rainfall amount for the month of June was identified to be 

88.1 mm. 

Lowest average rainfall was recorded in the month of February in three of the 4 

stations while it was recorded in the month of January in one of the stations. The 

lowest value for the overall average for all 4 stations was identified in the month 

of February and is considered to be the driest month for the watershed. The 

average rainfall amount for the month of February was identified to be 17.22 mm. 

Based on the results of the Mann-Kendall test, a slight increasing trend was seen 

for the month of January in two of the 4 raingage stations. Coldwater Warminster 

and Shanty Bay showed an increasing trend in the rainfall data for the month of 

January. No trend was observed for other monthly rainfall data. 
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Appendix A 

Excel VBA Program for analysis of 24 hour Inter-event time definition 
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Option Explicit 
Sub methodO 

Sheets(Array("s I "».Select 
Sheets("s 1").Activate 
Range(" A 1").Select 
Dim i As Integer 
Dim hourofonrainfalI As Integer 
Dim count As Integer 
Dim zerofallcount As Integer 
Dim starthour As Integer 
Dim endhour As Integer 
Dim j As Integer 
Dim syear As Integer 
Dim smonth As Integer 
Dim sday As Integer 
Dim eyear As Integer 
Dim emonth As Integer 
Dim eday As Integer 
Dim volume As Integer 
Dim peakIntensity As Integer 
Dim writeline As Integer 
Dim k As Integer 
Dim m As Integer 

write line = 2 
j 5 
starthour"" 0 
endhour "" 0 
count =: 0 
hourofonrainfall = Range("A I ").Offset(O, 5).Value 
zerofallcount = 0 
peakIntensity = 0 
volume =0 
k = Range("A I ").Offset(O, 8).Value 
m=O 
For i = 1 To 24 

If (Range("A 1 ").Offset(j, i + 2).Value) > 0 Then 
count count + 1 
If (peakIntensity < Range("Al ").Offset(j, i + 2).Value) Then 
peakIntensity Range("A 1 ").Offset(j, i + 2).Value 
End If 
volume volume + Range("Al ").Offset(j, i + 2).Value 
zerofallcount = 0 

Else 

If (count = 1) Then 
starthour = i 
syear = Range("A 1 ").Offset(j, O).Value 
smonth = Range("Al").Offset(j, 1).Value 
sday = Range("A I U).Offset(j, 2).Value 

End If 

zerofallcount = zerofallcount + 1 
If (zerofallcount '" hourofonrainfall) Then 
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& ":00" 

& ":00" 

If(count>= I) Then 
endhour = i 
eyear = Range("A 1 ").OffsetG, O).Value 
emonth = Range(,'AI").OffsetG, 1).Value 
eday = RangeC"AI ").0 ff.<;etG , 2).Value 
'MsgBox (endhour & "" & eyear) 

End If 

If (endhour (hourofonrainfaII- 1» Then 

Else 

endhour 24 - Chourofonrainfall- (endhour» 

If eday = sday + 1 Then 
eyear = syear 
emonth = smonth 
eday = sday 
Elself eday > sday + 1 Then 
eday = eday - I 
m =j - I 
emonth = Range("AI ").Offset(m, I).Value 
eyear = Range(" A I ").Offset(m, O).Value 
Elself eday < sday Then 

m -1 

eyear Range("AI").Offset(m, O).Value 
emonth Range(UAIU).OffsetCm,I).Value 
eday Range("Al ").Offset(m, 2).Value 
End If 

endhour .:::: endhour - hourofonrainfall 
End If 
'If (starthour = endhour And sday eday) Then 

, endhour endhour + 0 
'End If 

If (count >= I) Then 
Dim x As Integer 
x =27 
Range(UA I").Offset(writeline, x) = syear 
Range("Al").Offset(writeline, x + l) = smonth 
Range("Al ").Offset(writeline, x + 2) = sday 
Range("AI").OtTset(writeline, x + 3) = starthour 
Range("A 1 ").Offset(writeline, x + 4) = syear & "/" & smonth & "/" & sday & " " & starthour 

Range("A I ").Offset(writeline, x + 5) = eyear 
Range("A l").Offset(writeline, x + 6) emonth 
Range(" Al"). Offset( writeline, x + 7) eday 
Range("A I ").OfTset(writeline, x + 8) endhour 
Range("A 1 ").Offset(writeline, x + 9) eyear & "/" & emonth & "/" & eday & II " & endhour 

RangeC" A 1").Offset(writeline, x + 10) = DateDiff("h", Range("A 1 U).Offset(writeline, x + 4). 
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Value, Range("A 1 ").Offset(writeline, x + 9).Value) 
'Range(tt Al ").Offset(writeline, x + 11) = "" 

Range("A 1 tI).Offset(writeline, x + 12) = volume! 10 
'Range("A 1").Offset(writeline, x + 13) = "" 
Range("A 1 ").Offset(writeline, x + 14) = peakIntensity ! 10 
v.rite line write line + 1 
'MsgBox (syear & "," & smonth & "," & sday & "," & starthour & tlvolume" & volume & 

"peaklntensity" & peakIntensity) 
• MsgBox (eyear & "," & emonth & "," & eday & It,ll & endhour) 
volume 0 
peaklntensity 0 
count 0 
End If 

End If 

End If 

If i 24 Andj < k Then 

i 0 
j + 1 

, MsgBox (flj=tI & j) 
• MsgBox (tli=tI & i) 

End If 
Next i 

End Sub 
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Appendix B 

Veri'fied Daily Rainfall Arranged Per Hydrological Year 
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Coldwilt.r WarmInster 

V";f~d Oaity Rainfall arranl.d per Hydroloti.eal 'few 
'Rainhll Data if'! O.lmm 

ti111769 '00b 140 0 1 

61117651 ,006 0 0 0 

6111769 WOO 2' ,. 1011 0 56 

0 0 ,.. 0; 68 01 28 104 .. " 2O 

.: 44: 

0 

" 10 

118 228' 0 

10 10 ., •• 108 

11 0 

12 
0 

390 10 

1100 SO 212 

300 0 0 
0; •• 

52 . : 10.5 

10 m 32 

0 ,. 
IS 5.0 0.5 76 

105 415 ,. . , , . ,. 8 0 " 0 0 0 10 
4 196 ". 18 " 50 75: IS ,. 
0 66 3., 

0 41 0 l4 

" 01 20 0 462 10 

10: 39 43 101 
112 0 0' 116 

lOG 1ll 36 10 0 

" 4 " ,. 0 " Sl 
OJ 0 

7. 100 .S 215 

42 10 
0 

238 54 

17! 0 ,. 142 0: 

40 8. 420 0 " 0 25' 
6111769 2009 01 12 2. ,. 26: 10: 01 501 " 
6111769 '00' " 0: '''' ''''' 0: 91 

6111769 2009 2. 42 0 0 

6111769 2009 0 1S 138 10 10 
61111'69 2009 20 29 180 0 8 0 '" 28: 20 0 .. ,. '''? 
6111769 lOO9 10 .2 7. 56 104 2. n 20 1 20 0 

6111769 2009 11 2. 14 ,., 4. 10 70 14 14 
6111769 2009 12 .. 10 0 1I0 16 " 611!.?~ 2010 0 94 29 

6111769 2010 18 2.5 10.5 01 0 

6111769 201u 14 20 01 ., 
6111769 2010 0 0 
6111769 2010 190 192 ,. 
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Shanty Bay 

Verified Daily Rainfall arranled per HydrolOlical Year 

Rainfall Ollta In O.lmm .. 
Station . Y M 1 2 • • S • 7 • • , . 11 U .n 14 1S ,. '17 ,. .. ,. 20 " 22 2! 2. 2. 26 27 2B 2. SO 31 

6117684 1979 1 6 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 4 0 0 0 7' 0 0 0 0 0 0 0 

6117684 1979 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 66 0 0 0 0 0 

6117684 1979 3 0 0 50 24 0 0 0 0 20 0 0 0 6 0 0 0 0 0 0 0 0 0 42 138 0 0 0 0 14 66 0 

6117684 1979 4 16 90 0 0 0 0 0 0 0 0 0 4 146 64 6 0 0 0 0 0 22 0 0 10 10 168 2 16 0 28 

61176811 lQ7'3 , 0 10 88 0 0 48 0 0 0 58 8 130 0 70 30 0 0 0 0 0 . 0 0 0 206 0 8 0 8 0 0 
_>C. -

6117684 1979 6 0 0 0 10 23 0 32 0 10 36 2 0 0 0 0 0 0 0 0 6 412 6 6 0 0 6 32 0 96 26 

6117684 1979 7 0 2 0 0 0 0 0 0 8 . 0 0 0 0 162 0 0 0 0 0 0 0 0 84 .. . 0 0 0 10 0 

6117684 1979 8 130 0 0 36 0 0 lBO 0 164 12 0 0 12 38 0 0 84 4 0 0 0 8 118 0 0 22 0 10 16 0 0 

6117684 1979 9 42 20 0 0 0 16 12 0 0 50 0 0 172 76 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 

6117684 1979 10 6 8 10 162 22 172 26 176 0 18 70 62 46 24 0 0 10 22 34. 30 0 0 52 8 0 0 58 26 0 0 0 

6117684 1979 11 88 0 40 6 0 54 0 10 116 0 0 0 0 0 12 0 0 0 32 0 30 84 208 0 100 2 52 0 0 0 

6117684 1979 12 0 0 0 0 0 0 22 0 0 0 36 0 0 0 0 0 0 0 0 0 16 164 32 246 2 0 0 0 0 0 0 

6117684 19BO 1 0 0 0 0 0 0 0 0 0 12 40 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

6117684 1980 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 

6117684 19BO 3 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 2 52 0 0 lBO 128 0 0 0 0 0 0 0 0 0 10 

6117684 19BO 4 0 0 40 46 0 0 20 60 26 12 20 12 0 276 8 0 0 0 · 0 0 0 0 4 80 0 36 172 38 12 

6117684 1980 5 0 60 0 0 0 20 0 0 0 0 0 0 58 0 0 0 136 48 0 0 0 0 0 0 0 0 0 0 14 26 6 
.-

6117684 1980 6 176 6 0 0 0 196 12 4 66 0 0 0 0 66 2 0 0 0 152 168 6 0 0 0 0 0 2 28 148 0 

61176BJl 1980 7 20 0 0 0 0 0 72 2 0 0 0 0 0 4 100 0 0 0 0 890 0 8 0 0 6 112 230 272 0 0 0 

6117684 1980 8 0 20 0 0 8 0 16 40 0 0 20 0 8 0 2 0 0 60 0 0 94 152 0 0 0 0 32 0 0 50 10 

6117684 1980 9 34 140 0 0 0 0 0 10 48 0 0 4 60 0 0 10 94 0 0 0 0 422 0 0 128 38 4 0 0 0 

6117684 1980 10 140 0 140 6 4 0 0 0 0 10 10 20 22 0 0 0 80 6 46 22 14 4 0 2 312 10 2 0 0 0 10 

6117684 1980 11 0 0 8 32 0 98 92 46 8 0 0 0 78 0 0 0 0 0 0 0 38 0 6 14 0 0 2 12 0 0 

6117684 19BO 12 40 148 0 0 0 0 9. 110 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

6117684 1981 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 24 0 0 0 0 0 0 

6117684 1981 2 12 0 0 0 0 0 0 0 0 90 2 0 0 0 0 18 2 2 • 48 2 6 70 0 0 0 16 0 

6117684 1981 , 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 0 0 0 0 0 0 0 0 2 0 42 0 0 34 134 0 

6117684 1981 4 30 0 8 2 0 0 0 14 4 34 0 0 112 . 0 3' 110 0 8 0 0 4 32 14 0 0 4 42 0 0 

6117684 1'381 5 0 0 0 0 62 0 0 0 20 ". 246 8 0 46 32 0 0 0 0 0 0 0 0 4 SO 10 60 0 84 0 0 

"- .. -
6117684 1981 6 0 4 56 0 0 0 2 38 0 100 0 14 4 26 26 8 0 0 0 2 10. 196 0 . 6 0 0 0 114 10 

6117684 1981 7 0 0 0 '2 0 0 0 0 0 0 0 0 0 0 0 0 100 0 110 0 0 0 0 0 0 0 0 304 10 0 0 

6117684 1981 · 0 20 28 208 0 0 120 116 0 286 0 0 0 lBO 44 0 0 0 0 0 0 0 "' 0 0 2 22 246 210 0 0 

6117684 1981 9 46 4 84 266 4 80 2 50 2 0 0 0 0 0 0 0 26 0 · 28 20 . 0 0 10 104 38 32 0 0 

6117684 1981 10 68 , 0 12 13' 174 64 0 0 0 0 0 0 26 16 0 72 26 0 0 0 0 0 0 2 0 58 0 0 0 0 

6117684 1981 11 0 0 0 0 14 14 0 0 0 2 20 0 0 0 24 "' 14 38 0 84 0 0 0 0 0 150 2 0 0 0 

6117684 1981 12 22 0 0 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 

6117684 1982 1 0 0 42 46 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

6117684 1982 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 

6117684 1982 , 0 0 0 2 0 0 0 0 0 0 4 38 0 0 0 84 0 , 0 0 4 0 0 0 0 0 0 0 0 114 0 

6117684 1982 · 0 44 40 0 0 0 0 0 0 0 0 28 12 0 0 54 24 0 56 86 0 0 0 0 0 84 0 0 0 0 
6117684 1987. 5 0 0 0 0 24 0 44 24 0 0 0 0 0 0 0 2 0 6 134 0 0 24 94 0 0 4 2 130 7 12 0 

, .. , , -
6117684 1982 , 90 0 0 0 120 8 0 0 0 46 0 12 "' 10 362 0 , 86 90 174 4 22 0 18 40 0 18 10 0 0 

6117684 1982 7 0 0 0 0 0 0 0 0 0 , 706 0 0 0 0 0 62 100 0 0 0 0 0 0 0 14 290 , 0 96 0 

6117684 1982 8 24 218 12 0 0 0 0 30 0 7 0 0 0 0 0 0 0 0 76 6 0 lBO 0 410 28 0 16 18 2 12 0 

6117684 1982 9 2 30 8 c 14 2 0 0 0 0 0 22 26 102 , 0 218 20 0 , 0 0 0 72 7 36 62 0 0 0 

6117684 1982 10 22 0 2 0 0 0 86 0 0 22 2 0 18 88 86 2 0 24 0 36 20 0 0 0 0 0 0 0 10 0 28 

6117684 lQS1 11 262 122 76 86 0 0 0 0 0 10 44 42 0 0 0 0 0 0 10 120 16 0 140 0 0 0 0 124 40 0 

6117684 1982 12 0 144 64 , 224 12 0 0 0 0 0 0 0 • 188 0 0 0 0 0 0 0 82 88 16 0 8 10 0 0 0 

61176&4 1983 1 0 0 0 0 0 0 0 0 0 lSO 8 0 0 0 0 0 0 0 0 0 0 0 , 8 0 0 0 0 0 10 0 

6117684 1983 2 2 186 50 0 0 0 0 0 0 0 0 0 0 0 0 8 7 0 0 0 0 76 0 0 0 0 0 0 

6117684 1983 , 0 0 36 44 0 4 2 28 32 2 0 0 0 2 0 0 0 64 66 0 0 0 0 0 0 0 6 12 0 0 0 

6117684 1983 4 0 0 54 0 0 34 32 0 196 18 0 0 38 82 0 0 0 0 0 0 0 0 0 0 0 12 0 112 0 126 
6117684 1981 5 140 50 " 6 0 14 702 4 0 0 0 0 0 36 0 0 0 0 lSO 32 0 " 0 0 82 8 0 0 36 0 48 

.. , . 
~ 

6117684 1983 , 0 0 10 14 2 36 0 0 78 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 90 34 0 0 , 
6117684 1983 7 0 90 20 10. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 30 184 • 186 

6117684 1983 8 34 0 132 28 0 0 0 4 0 30 40 0 0 0 0 0 70 0 2 0 290 0 0 0 40 0 0 0 0 16 0 

6117684 1983 9 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 252 0 128 0 7SO "' 8 16 0 72 0 0 0 0 0 
6117684 1983 10 0 0 96 90 14 38 64 64 0 0 12 96 112 30 0 0 0 0 0 0 0 80 34 0 40 50 0 • 0 0 0 
61176e4 1983 11 46 100 0 0 2 2 0 0 0 136 10 0 0 0 130 0 0 0 • " 0 0 38 0 0 0 0 97 0 0 
6117684 1983 12 0 0 0 2 24 0 0 0 0 0 8 26 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

~~ ~~ 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

~~17684 1984 2 0 4 7 0 0 0 0 0 0 26 2 0 2" 0 0 0 4 4 ,16 0 0 0 0 0 0 0 0 0 0 
6117684 1984 , 0 0 0 0 0 0 0 0 0 0 0 0 0 0 130 146 0 0 0 24 58 0 0 0 0 0 0 0 0 0 0 
6117684 1984 · 0 0 G 140 72 0 0 0 0 0 0 0 28 130 . 14' 2 0 0 0 0 10 38 18 0 0 0 0 16 0 
6117<;84 19"l4 5 Q 0 74 7' 6 0 " 148 " 

, B6 Q 4 0 0 0 2 0 0 0 7' '0' 0 40 lOB 0 0 1<0 .. 14 0 
-" , 

6117684 ,.84 , 0 0 2 0 8 26 0 0 0 2 0 II 0 0 0 0 64 " 0 0 0 0 60 0 0 0 302 0 0 0 
6117684 1984 , 0 0 " 0 134 172 4 0 0 144 2 0 0 2 , 2 2 0 0 , 0 • 0 0 0 2 0 0 0 0 0 
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,...,." .. 
" .. ,..fi.-d Dillily FlIIJ"iall arnn,ed per Hydrolopcll V,..r 

I fl· 0 Ran .. 1 O.taltl .1mm 

$tltion V M 1 2 • • S • 7 • 9 I. 11 "12 13 1. 15 ,. 17 ,. 10 20 21 :u .. ,. 2S 261 27 U 29 '" 31 

6111684 19 .. 8: 74 2 2 0 0 , 0 0 0 0 0 10 , 0 0 0 • .,. 0 0 0 ... 0 0: 0 0: 12 .. ,. 66 2 

6111634 .. 84 • .. 250 2 0 0 0 0 0 116 104 " 172 86 40 , 2 0 0 0 0 0 • 10 6 122 14 • 10 0 • 
6117684 1984 10 0 22 50 6 0 0 58 30 2 0 0 0 0 • 0 0 14' 0 64 42 20 0: 0 0 20 22 30 0 0 4 0 

6117684 '084 11 50 0 0 14' 18 0 0 • 106 174 " • • 0 54 • 10 0 0 0 0 0: 6 0 0 0 0 ,. 0 0 

6111684 1984 12 • 12 0 0 • 0 0 0 0 0 0 as 0 " 0 0 4 0 0 0 102 0 • • • 0 32 84 12 0 0 

.~~.;7Ga4 
,.., I 10 0 • 0 0 6 0 0 0 0 0 • • 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

6117634 198$ 2 0 0 • 0 0 0 • 0 • 0 0 40 0 0 0 0 0 0 0 0 28 130 342 • 0 · 0 0 

6117684 ,98' , • 0 0 0 0 0 0 0 0 0 76 30 0 0 0 • 0 0 0 • 0 0 0 0 0 0 8 '90 1 0 104: 

6117684 Hi8S · 0 0 0 '0 74 0 0 0 ~o 0 0 7. ,0 40 0 • 0 0 0 0 0 22 0 0 o i 
6111-6841 l':lSS: , 0: 0 0 GO " 96: 4 0 o 0 24 C 0 26: 0 !18 0 0 0: 0 10: , .. 4. 0 0 

~ "". 
6117684 198' • 0 0 0 0 , 0: • 2 o 0 (.) 0 0 0 40 , •• 2 0 0 0: '90 ,: 0 0 0 0 2 ,0 

6117684 1985 7 )8 1o, 0 4 4 .. " 0 0 0 0 0 , .. 276 ro 0 0 • 2 • 0 0 0 0 34 0 0 '8 0 

6117684 '98' • 0 0 0 0 0 " 
., 0 • 84 0 0 6 .. m 0 0 .. 0 10 0 • 48 ,78 I. 422 ,. ,. , .. 

6111684 1985 9 10 0 '00 20 236 0 0 ,,. 
" 0 0 11 0 0 0 0 0 0 0 4 2 0 62 0 0 130: 0 0: 0 

6117684 1985 10 0 0 0 54 50 4 0 ., 12 · , " . 0 ,. .. 30 0 '06 0 0 0 0 · .. 0 ,<: 0 o· 0 0 0 

6117684 1985 11 0 '" 80 122 0 14 ,. 4 0 0 0 206 2 50 0 52 14 .. 481 0 0 0 0 0 0 • • 0 0 12 

6m684 '98' 12 .. 0 0 0 0 0 2 , 0 0 • 0 0 0 0 0 0 0 0: 0 • , 0 0 0 0 • 0 0 0 0 

6117684 '986 , 0 0: 0 0 0 0 0 0 0 0 0 0 0 0 0 4 4. " 12 0 • , 0 0 0 0 0 0 0 0 0 

6117684 1986 , 2 0 0 ., 0 0 0 0 0 0 0 • 0 0 0 0 ,. 2 4 0 0 0 0 0 0 0 0 0 

6117684 ,_ , 0 • 0 0 0 0 0 0 12 56 0 56 •• 50 • 0 0 74 '0 0 0 0 0 0 0 ,. 0 0 0 0 0 

~4 
22 0 0 0 34 · 170 22 0 0 0 0 0 12 "6 20 . 0 0 112 ,. 0 0 0 0 0 0 0: 0 0 

: s 24 0: 0 14 !92 20 0 0 0 01 0 0 0 ,. ., .2 0 '''' .. .S 0 44i 0 0 01 0 0 n: 0 · 0 

i 6lt7684 1936 6 .. 0 0 0 0 0 .. 0 0 22' 3. a • 0 0 ,. ,. 0 0 12 0 ,&4 1341 .. 4 0 0: 46 0 • 0 

61176&4 ,- 1 0: 0 0 '" 18 0 0 , • • • 112 2' ,. 0 0 .. 10 0 0 0 0 • 0 m 2 0 · 34 , , 
61116841 ,.86 • 24 • • 0 0 .. • ,.s 0 48 20 0 0 ,. ,. 0 0 0 0 0 30 4 110 0 0 37B 0 13. 0 0 0 

6111G&4 ,. .. 9 0 0 0 1% 0 12 0 0 6 4>. 736 ,. 0 10 144 0 0 0 '44 24 0 ". 52 0 340 ,. 0 · 141 24 

6111684 , ... 10 14 0 7B .. 7. 0 0 3. 0 0 0 ., 166 · 14 20 0 0 0 0 0 0 0 0 0 14 44 0 ,. 0 0: 

~ 
0 20 0 · 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ,. 0 0 •• 0 0' 0 0 

0 10 • 0 0 0 0 0 50 0 0 0 0 0 0 0 " 0 0 0 0 0 0 114 0 0 • 0 0 0 0 
0 • 0 • 0 0 0 0 0 0 0 0 0 • • 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 , 0 oi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 52 

~~ 1967 1 m 0 0 0 0 • 0 0 0 0 0 0 0 0 , 0 0 0 0 0 0 0 0 0 ,. 20 · 0 120 46 0: 

6117bB4 1981 4 0 0 0 102 12 • 0 0 0 0 0 0 0 40 0 0 0 0 0 0 0 0 · 0 0 0 "6i " 30 0 
fill]&8JI 1981 S; 0 0 0 0 0 0 0 0 0 0 .. 0 0 130 0 0 0 0: 0 0 104 0 0 0 0 •• " 0 0 0 '" < • 

6117684 1981 6: 3/4 0 4 0 • "' 154 2 0 0 .. 53 0 0 0 0 0: 0 0 0 0 122 0 0: 24 ,: ". 12 so' 0: 
6117684 '9<17 7 0 0 6' 0 0 .. 74 17. 0 34 0 2O '7. 26 0 0 0 0 ,.. 0 0 0 0 0 0 0 0 0 ,.' 0 D 

6117684 1987 • 0 '66 4 0 0 • 16 0 ,SO 0 0 0 0 0 0 2IJ 0 0 0 0 32 • 2. 0 • 0 0 78 0 160 0 

6117684 , .. , 0 0 2 0 0 0 0 0 I. 0 0 • • 0 0 0 ,. " 18 142 • ,SO • 0 • 0 0 '66 4 172 4, 

6Jt7634 '987 '0 14 2 0 0 6 120 110 ,. 2 0 0 0 0 • 0 0 " 0 2 ,4 20 66 0 '50 0 3. m 34 0 0 0 

6117614 19" 11 0 liO 4. ,40 • 0 88 100 0 0 0 • 0 0 0 0 34 '" 0 0 0 0 1 2 0 0 D so .2 0 

6117634 1987 12 0 0 0 0 0 • 18 56 3. D 2. 0 0 0 · 0 0 0 4 20 0 0 0 " 0 0 • 0 0 0 2 

6117684 1988 1 0 0 0 0 0 0 0 0 0 0 ~ 16 0 0 0 0 ISO ,. 28 0 0 0 0 0 0 0 0 0 0 0 16 

6117684 1988 2 0 0 0 0 0 0 0 0 0 0 0 0 0 ,. · 0 0 0 0 0 0 0 0 0 0 0 • 0 0 

6117684- 1968 , 0 0 0 • • 0 0 ,. 2 0 • 14 0 0 0 0 0 0 0 0 0 0 0 0 sa '6 0 24 0 0 0 
6117684 1988 4 0 6<1 66 2. 0 2 2. 0 0 0 0 0 40 >l 0 0 14 0 0 2 0 01 " 

, 
" • 7. · 40 0 

6117684 1988 S 0 0 0 0 0 0: 0: 0 '" 12 0 20 '0 0 774 6 0 0 241 70 44 0: 0 0 0 0 0 0 0: 0 0 
'-. 

6117684 1985 • • 0 0: • 0 12 01 0 0: 0 0 0 0 0 6 01 0 0 0 0 210 1 214 0 • 10 0 0 28 0 0 

6117684 198' 7 0 0 0 0 0 0 0 0 0 .. 3. 0 ,. 0 12 '" 2 0 0 0 0 " • • 52 % D 0 0 276 10 

61176S4 1988 • 2. ,. 0 , 7. 6 0 0 m 0 ,. '03 0 ,. '0 54 20 0 • 0 0 0 44 ,. 138 2 • '0 0 D 0 .. 
6111684 ,- 9 0 0 224 ". 14 2 0 0 0 D 0 214 D 0 • 104 0 0 •• 20 4 140 0 • 0 • • 0: 0 01 

6117684 198& '0 74 110 0 "" 10 0 • 0 0 116 152 0 0 • .. , 112 12 0 2 51 , 32 14 ,. • '" 0 0 0 2 

6117664 , .... 11 3. 0 • 6 156 30 0 .. 148 ,. 0 70 " 0 0 • 0 0 0 11. • 0 0 0 0 14 0 • 0 0 

6111684 ''''' 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 ., 2 0 0 0 90 0 0 0 0 

61176S4 198. 1 0 0 0 0 0 0 114 0 0 0 • • 0 0 0 0 0 0 0 0 0 0 0 0 so 0 0 0: " 0 0 

6117tX14 '98' 2 0 0 0 • 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 • 0 0 0 0 0 0 0 

6117684 1",", , 0 0 0 ,0 0 0 • • 0 0 0 0 0 66 0 0 0 0 0 0 0 • 0 0 1 0 0 112 0 0 0 

-ii~-~ ~ ~2~ 
28 54 is 20 ,. 0 0 0 0 0 2. 0 • 0 0 10 0 0 0 0 

~ 
0 4 0 

114 ni 60 7. 0 0 0 0 01 72 206 0: , 0 0 0 0 0 112 0 

~ 0 0: 0 0 0 

0 66 66 2 

6117684 '98' • 54 
0 2O 0 0 (I 0 0 10. 0 0 0 0 0 12 30 '" • 100 110 1011 0 0 0 

~~ '980 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ,. 0 4 0 0 0 0 0 0 0 90 0 0 0 0' 

6117684 1989 • 0 '0 • 160 0 0 • 6 0 70 0 0 , 56 11. 0 0 0 0 ,,: 0 n 0 0 • 0 , '0 0 0 ,., 
61176$4 ,... 9 00 0 0 20 0 0 12 44 2 2 0 · I. 0 0 40 0 0 0 • ., 3.2 " 0 0 ,. 0 0 0 0: 

6111634 '98' 10 0 • 10 0 6<1 " 46 0 • 118 0 2 0 ". .. 0 12 2' 0 92 '8 34 0 0 0 0 0 0 0 0 0: so 
61176.&4 1989 11 6 10 0 0 " 12 10 52 2 , 0 0 0 62 , .. 12 0 (I , .. 66 0 0 0 0 " 0 120 0 0 0: 

~~!7&&4 1989 12 0 0 0 0 0 • 0 0 0 0 0 0 0 0 • 0 0 0 0 0 0 0 0 0 0 0; 0 0 0 • 52 
6117684 1990 , 0 0 22 3. 0 0 0 0 2' 0 0 0 0 0 • IS 10 0 0 0 0 · , 

" 0 0 0 0 0 0: 

6111684 1990 , 4 0 0 0 • 0 0 io 0 0 0 0 ,. 0 2. 16 0 0 0 0 0 ... 0 0 2. 0 0 0 

6117664 1990 3 0 0 0 0 0 0 0 10 • • 402 .. 14 0 0 12 0 0 0 0 6 ., 0 0 0 0 0' 0 • 12 0: 

" 



snitnt18"'l' 

V"nfitd Dall ... Ramlall anan,ed per H'f'drololical. 'f'ur 
ft " 1110 01 

~. 
1 "2 • • 5 • 7 • • .. 11 11 1> 14 15 16 11 18 19 20 21 22 2> 24 2S 2' 21 :Ill 29 '" U 

8 8l " 10 0 0 0 0 72 : 78 0 0 0 .. • 20 01 0 0 90 0 0 0 0 0 0 0 0 0 0 

• 0 0 51' 0 0 '" 0 741 86 10 11 0 SO '0 1041 '" 
,. 

'" IS' 0 0 0 0 0 0 0: 0 0 0 0: 

6117684 1990 6 I. 86 24 0; 20 • 0 • 0: 0 0' .. 0 ... 0 0 14 16: 0 4 111 .. '" 0 0 0 0 .. 152 192 

6117684 1990 7 32 0 0 0 0 0 0 122 0 0 0 0 0 30 96 0 0 0 ,.2 10 0 30 0 0 0 0 0 0 0 ,.6 0 

6117684 1990 • 0 0 0 40 4 0 0 0 0 0 0 • 2 , . 0 0 0 0 '8 0 0 0 0 0 0 0 0 " 0 0 0 0 

6117684 1990 9 0 0 0 110 0 0 0 0 " 50 0 4 0 302 18 0 0 0 40 0 .. • n 0 ,. 0 0 10 206 14 

L,J!.U7684 1990 10 ... 7 • ,. 134 0 0 36 190 "6 44 0 ., 0 18 S 44 2 56 2 0 4 0 0 24 0 0 I. 26 0 0 0 

~~IE'" 1990 Il 0 0 1 20 282 0 1< 0 12 0 0 0 0 0 0 18 0 0 0 0 '''' n IS 0 0 .. 22 6 0 0 

'61176-84 1990 12 0 0 72 0 0 0 0 0 0 0 0 0 0 0 0 46 8 0 0 86 12 0 0 0 0 0 90 102 0 0; 
~ 6U7634 1991 1 0 0 0 0 0 0 0 0 0 0 0; 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 01 

6117684 1991 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 26 22 0 4 0 0 0 0 0 0 0 

6117684 1991 , IlS '" 4 0 0 114 0 0 0 0 0 0 0 0 0 0 0 10 · 0 8 16 46 12 2 16 m 0 0 0 0 

6117684 1991 4 0 0 0 10 0 12 s. '" ". 0 0 0 0 U8 136 24 0 0 110 sa 96 50 0 0 0 0 0 4 4 0 

61176&4 19<:'11 , 44 17 0 0 4' 2 01 " . 0 0 0: . 01 0 ,. 44; 0 0 0 0 138 26 1SS 0' 0 2 170 0 .. 
6117634 19911 6 0 0 •• 0 2 0 0 0 0: 6 ,. 0 0 0 4. . 0 0 0 0 0 0 0 0 0 0 0, 0 '''' 0 

6117684 199' 7 2 0; 4 '" 11' 68 " 0 0 0 0 18 0 0 0 0 68 0 0 '" . " 0 0 •• 0 0 0 170 120 2 

6117684 1991 8 0 42 26 " 0 0 0 0 0 28 0 0 0 0 40 lro 64 ,. 0 0 0 • 0 10 0 0 0 0 0 6 0 

6117684 1991 9 0 0 7. 0 0 0 0 0 18 ,. 0 0 0 11. 52 0 0 0 2' 16 0 100 '0 10 0 • ,. ,. 6 62 

6117684 1991' 10 • 'OJ! • 42 58 ,. 4 0 12 2 • 0 0 18 • 0 0 56 0 0 0 0 0 .S .. 60 0 0 0 0 0: 

61176&4 '991 11 10 0: 0 0 0 0 0 0 0 0 0 201 0 62 106 0 0 0 82 " 0 0 22 0 0 0 0 0 118 , 
6117684 "'" 12 0 0 , 0, 0 • 0 • 0 0 0 2' 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 12 18 0 0 

6117684 199' I 0 0 12 54 0 0 2 0 4 0 0 I. 2 0 0 0 0 0 0 0 0 0 42 0 0 0 0 0 0 14 0 

6117684 1992 2 0 0 0 2 0 0 0 0 0 0 0 0 0 0 52 0 0 ,. 
" 0 0 0 0 0 • 0 0 , 0 

~.~176S4 1992 , 0 0 0 0 54 34 · · 16 I"" 0 0; 0 0 · 0 0 0 0 0 0 0 • 18 10 0 0 
6117684 1992 4 0 0 0 0 0 • 34 0 0 0 , 0 0 0 ". 0 0 0 10 68 2' sa 12 0 0 0 0 18 , 
6111684: 19'!2: , SO 10. 0: 0 40 0 0 " '12: 0 0 0; 20 0 0 0 54 0 0 0 0 0: 26 0 0 0 2 0 .. to' 

'l..,':< . -
~~;92 • 0 0 0 10 38' 6 12 0 0' 0 0 0 0 0 0 0; 48 140 S ,. 4 0: 0: 2 0 2: 0 0; 2 0 

6117684 1992 7 0 70' 2. 2. 0 0 0 54 4 38 0 11. M 32 0 " 116 .0 2 0 0 2 6 0 • 0 0 4 4: 0 296 

~ 
0 144 0 0 0 0 0 ". 10 '" 0 • 0 0 0 12 0 110 • 0 0 0 0 " 0 4 170 18' 40 4 0; 

611 0 72 0 0 4 · 0 .. 42 60 0 0 0 0 0 54 ,,. "6 0 • 164 18 0 0 0 " 16 .2 14 SO 

: 611 0 0 0 0 0 0 0 " 0 0 10 50 0 4' 16' " 30 64 0 80 0 0 . 0 0 24 6 0 0 0 0' 

11 20 ,.. · ,. 32 0 0 0 0 104 0 ... 0 0 0 0 2 0 0 0 0 140 42 ,. 2 0 · 0 0 2 
6117684 1992 12 0 . 01 0 0 0 0 0 0 0 0 0 0 0 1 0 · 0 · 0 0 0 0 0 0 0 0 0 '04 '0 0' 

6117684 ,,"" 1 0 0 ,. 192 0 0; 0 0 0 0 0 0 0 0 Q 0 0 0 0 0 38 21 2O 14 0 0 0 0 0 0 .: 
6n1&84 ,''' 2 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6111684 """ 

, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 

-*H!: 199' · 0 12 0 0 0 0 0 • 108 22 0 0 0 • 7. 0 2 2 254 7. 0 0 0 .. ... 0 0 0 2S 0 
199~ , 0 0 0 " 112 0 0 0 0 0 0 0 0 4C 0 0 6 48 6 0 0 0 ". 161 , 2 ,. 0 0 ". '.1 

" . "~" , 

~r3 • 12 0: 0: 20 4. 20 0 128 .S 0: 0 01 0; 41 0 0 0 20 7. 1S2 96 0 0: 0 308 0 0 0 0 0 
6111684 11)93 7 0 . 0 0 0 0 132 102 90 0 105 0 0 2 0 0 0 168 • 0 0 0 0 0 0 · 0 ,2 54 •• 0 
6117634 '99' • , 0 42 0 0 190 .. 0 0 32 0 0 0 6 100 0 0 0 ,4 0 0 0 4 10 0 0 '" 0 0 36 3. 

• 
0 74 204 0 0 · • 0 14 164 .. ,. 0 196 · 0 0 0 0 0 0 " 4 0 114 28 242 32 , 0 

; 100 0 36 2. 0 12 30 2 40 0 0 • 0 0 • lib 168 2 0 lOS 2 I. 0 0: 0 0 0 0 0 0 0 
0 0 • 112 34 0 0 0 0 • , 

" 66 62 · 0 26 0 14 0 0 0 0 0 0 25 228 0 0 0 
0 22 0 ,. 0 0 0 0 2 11 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 

611 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 104 90 0 0 0 

6117684 1994 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

~~ 1994 , 0 0 0 0 0 0 0 0 0 0: 0 0 0 0 • 0 0 0 0 0 .2 0 24 14 0 0 2 0 0 0 0: 

6117684 1994 • 0 ,. 0 20 '" 0 D 0 0 0 0 III 18 0 10 14 0 0 2 0 0 0 0 10 ". ,. • 16 0 76 

6117684 1994' , !8 0: 0: 0: fI) 2 0 0 70 0 178 0: 0 .0 164 20 0 , D 0 0 0 0 0 64 ,'" 0 " 0 0 ., 
~ ,'-

6117684 ,,.. • 2 0 0 0' 0: 361 0' 0 0; 0; 26 , 
'" 0 0 0 0 0 0 0 0 2 '0 ,64 '0 20 " 24 120 "I 

6m6"" '''' 7 0 0 0 0 16 0 0 12 " • 0 0 0 0 0 0 0 12' 0 " 48 4i 0 .. 54 0 2 'e 20 ,. 0 
,m6M '994 • 48 0: 32: ". 0 0 " 32 0 0 0 0 4. 2 0 0 0 0 46 116 0 0 " 10 0 Ii ,. Q • ,. 114, 
6117684 199<1 9 28 0 0 0 0 52 90 0 0 0 0 " 3' 0 " 14 0 0 0 0 0 • 0 0 23. , 28 300 76 " 6117&&4 '994 I. 10 0 0 0 0 0 0 s. ,. • 0 0 0 0 0 0 " '08 '04 4 0 0 " " • " 0 0 , 0 118 

6U7634 '994 11 52 0 102 22 m ,. 0; 4 " 0 0 0 " . · 0 0 0 0 0 .2 0 0 0 0 0 2. 0 0 0 
6117684 1994 12 0 0 .0 " 70 0 0 0 0 • 0 0 0 0 0 0 • • 0 0 0 0 0 0 0 0 0 '4 0 0 4 
61176 .. 1995 , 0 0 0 0 0 0 0 0 0 0 0 ,. 12 106 11S • 0 0 , 198 • 0 0 0 0 0 0 0 0 0 0 
6111684 19'15 1 0 0 0 0 0 0 • 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 
6117684 199? 3 0 0 0 0 .. 2 liS 0 0 0 0 0 0 0 0 0 0 0 .. 20 ,. 0 0 0 0 0 0 0 24 2 0 
6117684 '99' · 0 0 " 0 0 0 0 0 0 0 2 22 12 2 0 0 0 12 0 • 406 0 " 0 " • 2 ,. • • , 
t'il17AA.:I Hlq,) 51 ,,1 0 0 0 D • 0 0 8:': 156: ,. • .' 2. 0 '6 " 0 0 4' 0 0 " 0 0 0 0 ,. 

" 0 0 

~~176S4 199' • 2' 1032 4 0 0 0 • 0 a • 0 0: 0 0 0 0 0 0 0 0 " • 0 0 0 14 1641 .; • ., 
-ffi}~ 199' 7 0 0 0 60 0 '" " • .. 0 0 0 ,. 32 0 '8S .. , IS 24 0 226 . 0 0 0 0 ,., 0 " 0 

199' • 10 4 292 0 0 0 0 0 0 128 12 • 74 ,. 0 0 0 0 0 0 " • 10 0 0 • 0 0 " 0 '46 
~ r?-~S 

, 0 44 114 0 12 10 64 0 0 0 0 • 32 4 0 "8 0 0 3. I. 1Q4 0 0 0 0 .. • 0 0 0' 

6117684 '99' 10 0 0 12 0 '86 ., 10 0 0 0 0 0 0 .. ., 70 0 0 0 "6 " 0 0 , 0 0 .. 20 38 4 .. 

" 



~anty8i1'f 

VII'r1filNllJaily Itainflll IW1'~KI P« HydtclOf.ical h« 

~.inf.tJI D,.t;!lill 01mm 
" " -... - y .. 1 2 • • $ • 7 • • 10 11 12 ,. 14 15 " 11 11 19' 201 '" 11 II 23 2' :IS .. 27 :II 20 SO: ., 

6111684 ,m n B. oo 0 0 0 .. 12 0 0 .~ 208 0 0 " 0 0 0 0 0 0 01 0 0 0' 0 0 0 0 0 

6117634 ,m 12 0 " " 0 0 0 0 0 0 0 0 '0 0 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

5117684 1996 , 0 0 0 0 0 0 0' 0 0 0 0 0 0 0 0 .. ,. 176 0 0 0 0 0 0 0 54 20 0 0 0 0 

6U7634 

,_ 
2 0 0 0 0 0 0 0 60 0 ,. 0 a 0 0 0 0 0 0 0 0 • 0 108 0 0 0 .., 0 0 

6117684 1996 a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .. '" 0 0 0 0 0 0 

6117634 ,_ 0 0 0 0 0 0 0 0 0 0 .. 10 296 0 64 • 0 0 .. s • 0 128 110 0 " ,. 0 0 4. .. 
6117684 1995 S 70 0 0 0: 0 0 0 2 64 161: " 0 0 0 

~.' 
0 0 0 0 0 0 01 0 

< 

611JU4 ,- • 0 4 0 1421 . 12 166 4 4 272 0 164 0 0 

2600244 360 0 ~ 
7. 0 0 0 0: .., 0 

6117684: 19% 7 0 8 10 0 2 0 16 .. 0 0 0 118 1« .S 0 ,~ . 0 0 80 4 4 

6117U4 1996 8 0 0 0 ,. 0 ,60 10 ,. 0 0 0 0 0 0 26 18 0 0 0 8 0 0 0 0 24. 0 0: 0 0 0 

61176S4 I_ • 0 0 0 0 0 0 '''' 11 .2 0 " 12 , .. '0 282 & 0 0 0 0 0 2(l 2 138 0 ,. 242 sa 42 4 

5111684 '996 10 0 '" 0 0 0 0 8S 10 '8 0 0 0 0 0 0 2 0 4>< 2 2. 24 0 2. 10 0 0 0 8 120 20 0 

6117634 '996 11 0 0 0 12 0 0 '24 • 18 2 0 0 0 0 0 0 18 0 0 0 0 0 0 0 0 0 0 0 0 26 

6117634 , ... 12 " 0 0 0 14 0 0 0 0 0 0 ... 0 0 14 84 64 0 0 0 0 0 ,oa 0 0 a 0 4 0 0 0 

~!!!.~ .!997 , 0 10 0 86 " 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0 44 12 0 0 0 a 0 0 a a 0 

6117684 1991 2 0 0 0 5. 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 120 ,% 0 0 0 0 54 " 0 

611768.4 ~~! 3 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Q 0 Q 0 2 0 0: 0 "' 0 0 12 60 0 0 

6117684 '997 · 0 0 0 0 .. • 0 0 0 0 0 0 0 0 4 " 0 0 0 0 0 0 0 ,. 0 0 '04 14: 0 " 6117684 '99' s: .. 60 216 0 'l() 0 0 • ,. .1 ,,: 14, 0 110 2&1 • 0 ,. 10 0 0 0 0 • 0 0 0 0: " 0 0 

6117684 1997 6 0 0 0 0: 0 60 0 1 0 0 0: lOS 0, 0 0: " 0 . " 144 ,.8 0 '86 , .. 0 0 0 0: 0 0 

6117684 1997 1 0 0 '8 2 0 • 0 102 0 0 0 0 0 • 12 .. 0 • 0 ,. 0 0 0 0 0 • 11 0 0 0 0 

6117684 199' • 20 0 0 0 0 0 0 0 0 " 0 370 0 0 130 , , 0 0 m 40 2 

" 
0 0 0 72 0 0 • 10 

61176&4 1997 9 0 2 0 0 14 40 0 0 , 60 0 0 0 0 0 0 60 0 124 '0 0 0 10 0 38 0 0 46 ,. · 6117684 '99' '0 0 12 0 .. 20 0 0 0 12 0 0 0 12 0 0 0 0 0 ,. " ,. 0 2 0 0 0 0 44 0 0, 122 

6117684 '991 11 ,,. 0 4 0 4 0 0 0 0 4 0 0 0 0 0 0 0 0 0 S2 0 0 0 0 0 10 2 0 0 I. 
6117684 ,.., 12 0 0 14 0 0 0 0 0 0 0 0 2 a 0 0 0 0 0 0 0 0 0 0 .. 2 0 0 0 0 0 0 
6117684 '99' 1 0 0 0 ... 302 2 .88 "' 4. 0 0 0 a 0 0 0 0 0 0 0 0 0 , 0 0 0 0 0 0 ;) 0 
6117684 1998 1 , 0 0 0 0 0 0 0 0 0 ,. 0 0 0 0 0 40 56 2 0 0 0 0 0 0 0 10 ., 
6117684 ,m 3 32 .6 14 0 0 0 0 86 11' 0 0 0 0 0 0 0 0 ". .2 0 0 0 0 0 0 0 0 56 0 10 ,. 
6111684 '998 · 62 ". 0 0 0 0 0 ,. 0 0 0 0 0 20 0 234 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
611768A , .... S: 0 8 " 0 0 0 0 0 , .. in: 0 0 0 0 0 0: 8 0 0 0 0: 0 0 0 0 0 0 ,. 4: 44 

6117684 "". 6 0 24 0 0 0 0 0 0 0 0 '" 0 0 0 280 !9:1 0: 0 0 0 0 0: 0 80 618 " 0 0 4 "" 6117684 19'38 1 0 0 34 2 0 34 0 0 4 0 0 0 0 0 104 ,.., 0 0 • 0 0 0 2 0 0 0 so 2U 0 • 0 

6111684- .99. • 0 0 0 0 70 la. 14 0 m • 0 0 0 0 0 0 '04 0 0 4 0 '0 .10 0 m 0 0 60 4 0 . 
6111684 ,99' , 4 ,. 8 0 0 ]. 46 • 0 0 0 0 0 70 324 0 0 0 0 30 0 0 0 2 0 192 0 0 " "8 
6n7684 '99' '0 12 2. 0 0 0 0 56 0 0 0 0 0 • .. 0 0 2. 2 2 S8 0 0 0 0 2 10 " " 0 0 0 

6111684 '998 " • • 0 0 0 14 2 0 0 '02 6 0 0 '" " 0 0 0 0 0 0 0 26 , 82 ., 2 0 2 .... : 
6m684 '998 " 0 0 0 '0 ,. "8 0 0 0 '0 0 0 0 0 8 0 0 0 0 0 8 0 0 0 0 0 0 0 0 01 0 

'999 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2' " 0 0 0 , .. 48 0 0 0 0 a 0 0: 0 

6,,7"" '''29 
, • 2' 0 10 0 0 0 0 0 0 • 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 " 34 

6117684 '999 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 

6111684 , ... , 0 0 ,. 0 0 " 82 0 0 0 0 0 0 0 0 120 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6117684 '999 S 0: 0 0 0 0 0 , 74 0 0 0 0 0: 0 0 0: 0 "6 0 0 0 0 10 UO 1061 0 0 0: 0 .. 
6117tWW ,- 6 561 26 0 0 0 0 0 0 0 0 0 0 0 204 2 0: 0 0 0 2 0 0: 0 574 0 0 274 50 0 0 

6111634 '999 7 12. 0 S46 0 0 0 0 .. 0 0 0 0 0 0 0 0 0 0 .0 0 0 0 0 ,. 0 0: 0 " 0 0 ll. 
6117684 1999 8 0 0 78 " . 50 .., 2 0 " 0 10 64 0 0 28 0 0 0 256 0 0 0 0 II 0 0 0 0 0 0 
6]176&4 ,- · 0 0 0 0 00 158 , 0 , , 0 0 16 0 0 0 0 0 0 " 0 0 48 14 0 0 0 0 ''''' " 6111684 '999 10 0 '02 82 0 .. 0 2 " 0 0 0 " ". 0 0 ,. 0 0 0 0 · .. 0 14 0 , 0 0 0 " 0 

6117634 ,1m 11 • SO< 0 0 0 0 0 0 0 140 0 10 0 • 0 0 0 0 14 0 0 0 '" 10 4Z 64 • 0 0 0 

.m""" """ 12 0 ,. 50 2 '" • 0 0 0 30 0 0 0 • 20 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 a 
6111684 200C 1 • 100' ,. 0 0 0 0 0 0 7. • 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

6117634 too:) 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 " 13. , 0 0 0 0 

61116&4 too:) ~ • 0 0 0 0 0 0 0 42 0 0 0 0 50 ,. 0 0 0 ,. 0 0 0 0 0 0 0 ,. 2 0 0 0: 
~1l76M too:) • 0 , 12 .. " 10 .8 0 0 0 0 0 0 0 0 0 0 0 , ". 10 0 0 0 0 0 0 0 0 0 
61176&4 2000 , 58 0' 0 • 18 0 40 18 1~ 66 lOa: . 204 2 · 0 58 , .. ", 0 0 0 , 40 " 12 0 0 0 0: 0 0 

6117684 2OO(l .1 12'> 0 0 0 ,. 0 0 0 ,. m 190: JO " 
,. 4 • 2 . 101 0 14 54 :':0: 0 45c6: 42 ". 0 20: ,. 0: 

6117684 2OO(l , 0 56 4 0 0 0 0 0 " 0 0 0 0 128 116 · ,S 8 0 12 2U 0 0 0 0 0 0 0 0 2. 60 
6117684 too:) • " • 0 0 0 .. 0 , .. 0 .. 10 0 0 0 198 0 14 78 0 0 0 2'" a 0 0 86 0 0 I. 0 0 
6117684: 20CQ • • 8 4 0 0 0 0 4 0 .70 as " 4 242 • 2 0 0 0 160 • 54 '" 0 0 0 0 0 0 0 
6"'6841100> '0 0 0 46 • " 2' 18 0 0 0 0 0 24 0 0 0 0 30 0 0 0 0 10 0 0 4. ,: 0 0 0 0 

11 0 • 12 4. 0 0 0 20 "8 , .. 0 0 ,. 0 0 12 0 0 0 0 0 0 0 0 50 56 2 ,. 0 0 
61116&41 1OCI01 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .. '0 0 0 0 0 0 0 0 0 0 0 0: 0 0, 0 
6117684 2001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 • 0: 0 0 0 0 0 0 0 0 0 0 0 0 60 '6 0 
£117634 2001 2 0 0 0 0 2 0 0 48 232 0 0 0 0 0 0 0 0 0 0 0 0 0 0 120 0 0 0 0 
6117684 2001 , 0 0 0 0 0 0 0 0 0 0 0 • .. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0: 0 0: 

61176.84 200' 4 0 0 0 0 0 ,. .. 0 2. 0 68 " 0: • 0 0 0 0 0 0 " • 0 12 0 20 0 0 0: 0 
6117€<8-t 2001 , 0: 0 0 0 0 0: s. 0, 0 .a 0: 0 0 0: 4 60 0 0: 0 " 354 Of • .. JO 13. , 0: 0 0 

,- ~ 
,., 

20 
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Sh.lnty Bav 
't'lf'if'-aed Dilly p.II"r.1I MT1inpd P'lr Hydr~D"cel Year 
R . f nOt I 01 alna aa n . mm 

Station Y Me 1 2 '. ~ 3: ' • , . , 7 a '9 ,. 11 12 " 
.~ .. 

14 ',. " 17 18 " ", , 21 22 23 
~ 

24 2. " 21 U 2. 30 31 
6117684 2007 , 10 0 0 • 0 0 0 0 0 0 0 0 0 'SI 405 130 0 0: 0 0 0 1 0 0 0 0 0 0 

~1!: 
2007 , , 0 0 0 0 0 0 0 I I 0 2 1 2 0 0 0 0 1 0 52 24 1 10 2 16 0 0 0 I • 
2007 4 34 2 m ,. 0 0 0 0 0 0 4 " I 0 , '2 1 0 • 0 0 0 S. 0 • 34 " 0 ,. 0 I 

6117684 2007 S " 0' 0 0 0 0 01 0' " 
, 01 0 0 100 m " 0 0 10 " 0 1 0 0 0 .. ! " 0 0 0 0 

-< 

6117684 2001 • l' • ,. 2 • 40 1 0 5.25 0 0 0 01 0 • 0 I 0 " • 10: 0 0 0: 0 0 0 0' 0 0 0' 

j :~~= '007 7 0 0 , 30 0 0 0 306 0 9. 0 1 0 18 4 I • as 276 34 0 0.25 0 0 0 0 1 0 0 0 0 
1007 • 0 0 0 0 0 0 I 1 0 0 0 28 0 0 0 I 0 , 1 0 2 52 " 24. 1. 0 0 0 " 0 0 

6117684 2007 • 0 0 0 . , 2. 0 5 0 1 3061 42 I. n 60 • 0 0 0 0 0 0 0 0 0 37 1: , 
" 0 0 I 

~ 2007 10 0 1 1 0 , 440 194 ".5 10.75. 14 2B 1 142 1 • 13 0 3 2 28 0 34 7. , 0 !2 134 2. 0 0 2B 
• 61176841 200? 11 42 0 0 0 54 29 • 0 ,. 0 , ,. a 4 " 0 0 0 .. .,' " 0 0 0 0 2 a 2 42 0 

6117&a4 2007 Il 0 ,.7 0 0 0 0 0 0 0 I " 0 1 0 0 0 0 0 • 0 0 17 .. 1 0 0 0 26 0 0 0 
6117684 1008 1 0 0 0 0 0 4 84 !OS 0 ,. 0 0 0 0 0 0 0 0 

~, 
0 0 0 0 0 0 0 ,,' 26 0 0: 

6117684 ''''''' 2 0 a 0 .. 0 0 0 0' 0 0 0 0 0 0 0 as 0 0 0 0 0 1 0' a 0 0 

~~.?634 2008: , 
" 30 0 0 0 0 0 0 0 10.5 0 0' 0 0 0 0 '44 0 0 0 0 0 0 0 30 Hnl 

6117W 200' 0 4 2 0 0 0 1 18 .., ., 3. 0 0 0 0 0 0 0 1 ,. I 30 ,,< " 0 0 
61176~ 'ro<! m 96, 208 0 I 0: '6 0 0 0 • 0' 0 28 0 4 !,' 110 56, 2 0' 4 33 0 0 0 ,.. 11; 

" 

6117684 2008, • 1, 0 10 0 1521 2 0 1 19 14 74 1 , 42' , ., 2O 1 0' 1 1! 32 ,. 1 0, 0 1 214 • ,. 0 
6117684 2008 1 0 54 0 0 0 0 0 ., 0 60 0 .. 0 " S8 I 18 17 n 168 " 106 • 0 1 ,. ., 0 0 99 0 
6111&84 2008 8 0 .. 0 0' I'" 0 , 20 8. 106 0 11 ,. 10 1 01 0 " 0 0 0 0 0 0 0 0 0 11 147 0 0 

6U1684 2008 • 0 0 1 0 18 0 .. 104 , 0 44 1 lS7 410 1 0 01 0 0 0 0 0 0 0 0 0 ,. 0 " "' 

~: 
11 54 •• S , • 0 44 0 0 0 0 0 ,. 

" 0 01 0 0 .. 1 0 0 20 " 70 5 0 0 0 0 
0 4' ,. 0 0 0 ,. 10 2 .J8 0 80 .. '" 192 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

12 0 1 11 15 • 0 a a 36 0 0 0 0 21 1 0 0 0 • 0 0 0 • .. 0 , 132 ,. a 0 0' 
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Appendix C 

Verified Daily Rainfall Arranged Per Month 



Barrie WPCC 

Average Daily Rainfall per month 

Total Rainfall (mm) 

I Year/Month 1 2 3 4 5 6 7 8 9 10 11 12 

1972 

1973 

1974 

I 1975 

1976 

1977 

1978 66.70 29.60 113.50 87.40 73.30 32.30 11.40 

1979 4.00 2.30 38.20 60.40 75.20 72.10 25.40 81.50 41.40 145.00 90.10 49.30 

1980 6.00 0.00 38.30 86.20 29.70 92.40 166.30 39.40 77.10 87.60 32.60 34.60 

1981 0.00 20.10 19.20 49.90 94.50 71.60 57.70 126.30 76.70 73.90 68.10 5.00 

1982 11.80 0.00 30.00 42.30 46.80 119.80 68.70 98.30 68.10 41.60 97.90 82.80 

1983 17.60 4.00 31.40 75.80 97.00 26.00 61.20 59.60 76.90 80.80 70.10 8.801 

1984 0.00 12.20 28.20 51.90 95.30 44.80 40.80 83.60 117.70 43.10 61.40 39.60 

1985 3.00 43.20 35.40 42.50 86.90 44.30 92.80 159.10 62.90 74.80 81.20 5.80' 

1986 11.70 0.50 30.50 59.90 92.80 97.00 76.10 124.90 303.00 76.80 21.00 13.00 

1987 0.00 6.00 45.40 40.40 59.20 126.60 145.00 80.20 67.00 86.60 64.00 15.40 

1988 29.00 3.00 16.80 60.06 73.00 27.40 87.30 91.80 126.60 104.80 67.80 16.00 

1989 24.00 0.00 16.00 28.60 115.20 89.20 2.80 96.40 75.10 90.30 77.20 0.00 

1990 16.00 19.00 54.20 49.80 87.80 81.20 66.40 35.00 105.20 108.40 81.20 33.20 

1991 0.00 4.00 58.40 124.80 70.40 35.00 114.00 36.00 58.20 65.60 43.00 7.00 

1992 9.60 8.00 25.00 50.10 55.30 32.60 86.30 106.50 95.70 44.90 115.60 13.80 

1993 22.40 0.00 0.00 67.20 80.20 93.30 71.20 76.60 122.80 61.30 53.20 16.70 

1994 18.40 0.00 15.80 55.80 105.00 59.00 48.60 74.00 88.80 57.80 57.00 20.00 

1995 55.80 1.60 21.00 74.70 57.20 132.00 113.30 158.00 63.70 130.90 76.00 3.00 
! 1996 24.20 29.20 3.40 111.20 76.80 102.20 117.60 68.20 187.40 88.40 27.00 44.50 

1997 12.50 54.80 31.60 31.80 83.00 93.10 28.40 91.60 56.00 48.20 39.10 7.00 

1998 52.80 31.40 70.00 50.40 38.50 89.10 28.00 162.20 91.70 32.80 55.70 38.00 

1999 10.00 13.00 1.00 23.80 60.40 146.90 105.70 68.80 97.90 75.80 73.40 23.70 

2000 20.80 18.00 47.80 48.00 133.00 219.50 53.80 97.20 94.90 27.50 66.90 10.60 

2001 5.20 34.60 10.00 35.40 100.10 85.60 41.70 61.40 85.60 154.60 64.70 51.50 

2002 5.40 35.90 29.20 82.20 127.80 73.00 64.20 83.40 53.20 66.40 29.00 8.50 

2003 0.00 0.00 29.50 35.50 81.30 61.30 90.70 170.60 76.60 103.60 112.40 47.80 

2004 8.00 0.00 72.50 37.90 147.40 43.30 151.80 39.80 39.40 56.20 60.50 20.00 

2005 30.00 8.40 8.80 77.50 34.30 124.40 60.20 49.90 81.80 38.20 87.10 27.87 
2006 45.00 15.00 35.20 63.40 55.20 

2007 

2008 

2009 

Average 15.83 13.01 30.10 57.76 80.69 83.91 74.84 90.49 92.10 76.40 64.48 23.39 
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Coldwater War-minster 

Verified Daily Rainfall arranged per month 
........... -

i TotarRainfali (mm) 

Year/Month 1 2 3 4 5 6 7 8 9 10 11 12 

1972 71.60' 50.10 56.00 73.00 90.50 54.50 65.10 
1973 13.20 14.00 62.50 53.80 80.20 95.10 66.70 46.70! 52.30 102.70 75.50 13.70 

i 1974 25.70 14.30 31.90 105.80 89.70 77.70 122.30 94.00 68.60 61.00 70.80 10.201 
1975 25.70 43.70 19.60 37.10 41.90 24.60 52.90 102.00 87.80 33.70 31.80 20.90 

1976 2.30 21.90 44.40 19.20 66.10 103.40 73.40 85.90 124.00 44.00 18.001 0.50 

1977 0.00 15.10 47.50 30.30 15.00 83.40 58.20 108.40 116.40 83.50 85.10 2.101 

1978 25.40 0.00 22.20 37.90 67.20 82.40 60.80 85.80 114.60 82.80 40.40 28.80 

I 1979 6.00 11.00 45.80 7B.OO 64.00 78.10 76.80 103.00 51.40 155.00 84.40: 4B.40 

1980 12.40 0.00 42.60 88.80 70.40 131.40 130.90 91.20 113.80 119.40 51.70 40.50 
; 1981 3.80 31.80 27.80 65.40 96.80 125.80 123.80 132.20 113.80 71.60 43.60 7.20 

8.60 0.00 19.00: 54.001 

~80 
76.40 53.80 97.80 98.90 

1983 26.40 23.20 34.40 79.80 123.20 79.20 66.60 95.20 113.40 49.60 4.80' 
, 1984 0.00 36.40 41.40 57.20 77.40 107.20 75i=i 51.80 

19B5 2.00 54.40 43.BO 41.60 82.00 .25 135.30 95. . 8.80 
1986 19.20 3.60 34.60 50.40 86.80 83.00 1 .20 207.601 76. 22.60 17.80 
1987 2.20 4.80 42.40 29.40 52.60 80.00 103.20 60.80 67.20 95. 68.80 26.BO 

1988 29.00 6.20 22.60 57.80 40.00 35.60 68.20 136.80 95.60 106.BO 

Q 1989 21.90 0.10 35.40 19.40 90.40 B9.20 3.00 152.50 92.00 97.20 

1990 25.80 2B.40 39.00 59.20 85.00 95.20 57.80 34.00 102.40 98.40 38.60 
1991 1.40 6.60 75.80 127.00 77.00 15.60 80.60 63.60 104.40 108.60 31.00 
1992 26.00 12.60 31.00 31.00 53.40 32.00 100.20 139.20 88.40 49.80 127,20 
1993 49.60 0.00 3.80 66.40 76.80 113.40 74.60 105.80 124.20 75.00 59.80 9.40 
1994 26.80 0.00 18.40 68.00 113.00 89.20 73.40 80.60 75.80 63.20 60.60 IB.60 

1995 54.80 0.80 28.40 81.60 58.00 61.40 101.20 91.80 60.60 146.20 66.20 6.60 
1996 32.20 29.00 9,00 89.60 87.40 134.80 88.80 85.13 132.80 95.60 31.40 44.BO 

: 1997 59.90 26.60 31.40 75.20 94.80 41.80 89.20 53.60 47.80 18.83 5.40 
1998 83.43 69.20 37.46 61.80 146.40 66.80 159.20 76.00 44.40 39.37 27.00 
1999 27.20 10.60 0,80 33.40 83,80 137.20 179.20 48.60 99.20 78.80 63.20 24.80 
2000 13.67 23.80 48,80 105.80 131.00 129.40 71.00 123.30 28.BO 69,60 10.20 
2001 10.20 4 11.27 20,60 118,20 83.20 23.00 63.60 90.00 139.BO: 65.60 39.40 
2002 ~ 29.83 4 36.00 63.40 112.60 61.40 70.80 65.20 57.40 76,60 36.20 11.80 
2003 0.40 3.13 32.80 39.60 89.00 82.20 61,60 90.40 88.20 

~ 
98.00 44,40 

2004 

~ 
50.53 40.00 204 52.00 72.80 B2,00 42,60 46.20 25.00 

2005 23.00 9.87 81. 33.80 38.40 86.00 96.80 27.00 
2006 10.40 68.00 15.53 79.43 151.20 48.80 27.00 
2007 22.40 40.05 270.40 68.80 68 40 174.35 27.20 90.40 121.50 37.90 29.65 
2008 93.06 12.15 60.45 24.90 125. 89 110.75 48.40 88.40 50.60 67.70 32.40 
2009 2.00 37.00 43.20 122.40 60. 90 43.70 75.60 69. 45.40 24.40 
2010 13.20 5.65 18.70 21.60 107.60 

Average 22.69 20.20 39.14 56.06 81.46 81.26 81.88 85.37 92.771 86.39 60.71 24.58 
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Shanty Bay 

Verified Daily Rainfall arranged per month 

~I ___ Y~e~a~r/~M~o~n~~~"~ __ ~ __ ~I ____ ~ __ ~2~ __ +---~3~ ___ ~ __ -r----__ ~5+_--T-~~t_al_R_a'~IO_fu_II_(m~;_I __ -r __ ~8~ __ +-__ ~9~ __ ~ __ ~1~0 __ ~ ____ ~II~ __ ~ __ ~1_2 __ ~ 
1972 r--
1973 ~ 76.30 87.80 39.30 38.90 113.60 79.00 14.401 

1-----!;;.;;:~~~:----F---2;;.;1~;;.;.::.;;.;~+--~~:..:.~·:.:.:.::.~~----=::::~::::~:::~+----3.:.;9~::';':6.:.;7~+--.::;~;;:;~::.:;~;;:;~~---~:.:~:.:~~:!:.:~+----~.:.;~..:.:~.:.;~+----.::;:6.:.;4:=-~~=+-----":'~'::;:':;':~'::;~+-----3":'~':';::~~1 
1976 1.30 17.30 4S.20 44.50 71.40 92.00 123.50 67.10 173.30 52.30 14.301 5.30 
1977 0.00 8.40 49.20 29.60 35.20 88.90 63.50 140.20 133.00 70.20 71.40 16.20 
1978 23.40 0.00 36.60 38.20 60.00 62.60 32.80 87.00 93.40 61.80 30.80 23.20 
1979 8.60 6.80 36.00 58.20 66.80 70.30 36.00 83.40 39.80 135.20 83.40 51.80 
1980 7.20 2.00 37.60 86.60 36.80 103.20 171.60 51.20 99.20 86.00 43.40 39.60 
1981 2.40 27.60 22.60 46.00 97.60 71.80 58.60 159.80 80.40 66.00 47.80 5.00 

~:;! 1~:~~ :~:~~ ~H~ i~:~~ :!:;~ 1!::!~ ~~:~~ ~ 1~:.:~~44'60 1~!::~ :E~i 
~----:':19~8~5----~------=-1.~670r---~5~5~.0~0r----":'4~2~.0~0~----~25~.~80~----~8~8~.4~0+---~3=3~.2=0t-----~83~.4~0j---~----~8~9.-4~0 ----~7~----~~7.:.;.6~0 

~=====~19~8~6=====~~====~1~5~.2~0:====~1~1~.4~0~====~~34= . .:.;80=+-----..:.5.:.;4 . .:.;8.:.;0~~~~~~9~2.:.; . .::;6~0~~~~~-1~0~5~.00~:~~~~~-7_0~.-0~0~~~~~1.:.;28.:.; . .:.;00~1----~2~6.:.;3.;;.;.1.::;0+_--~6~6.:.;.8.:.;0+_----.:.;~=.~=====~2~5.:.; . .:.;4~0 
1987 1.40 5.40 ~ 52.001 134.00 111.60 66.00 78.20 76.80 60.80 25.001 

~----~19~8~8------~----2.::;4.:.;.6:.:0+-----~4~.2~0+---~~-----.::.5.:.;4 . .::;4;;:;01---~4.:.;8':';.8'::;0+---~6=8':;'.6~0~----'::;99':';.;;:;80=+-----I~I'::;3':';.O'::;0~---":'8~5':';.8:':0+1,----~75=.0.:.;0+----.::;1;;:;3 . .::;6~Oi 

1989 19.80 0.20 20.00 21.20 89.40 102.60 12.20 69.90 72.40 94.20 106.60 5.60' 
1990 15.60 28.60 56.60 43.40 87.20 106.00 62.80 20.801 99.20 104.00 71.20 41.60 
1991 1.40 5.20 61.60 129.20 72.40 38.60 107.40 43.40 56.00 66.20 44.40 8.20 
1992 14.80 15.40 27.40 45.00 58.20 28.80 87.00 100.20 93.80 58.00 106.00 15.00 
1993 33.80 0.20 0.60 69.80 76.40 99.00 75.80 75.40 121,00 72.40 65.80 5.60 
1994 19.40 0.00 13.001 58.00 103.20 53.60 53.60 70.20 89.40 58.40 48.40 16.20 
1995 53.00 1.00: 25.20 72.20 58.00 128.60 l1S.80 133,80 71,60 127.20 61.20 4.20 
1996 36.00 28.40 6,80! 99.60 79,80 144.40 108.20 86.80 152.80 88.20 32.60 42.40 

1997 18.40 61.00 16.80 ~ 74.00 97.40 25.00 87.40 1=h4.60 14.401 

1-1-=====~19~9~8=====::====~7:7~.2~0~=====11~95=·.44~001=====~661~.·6';;';~00~=====~-2-'§"-~-~~--~=--~=-~~3~-5~.-0~~0~r----1-3-4-'~I-----4~S-'2~0~1----~~~!r-----9-4~.4~0r---- ______ 3.::;2.~8~0 
1999 26.60 55.40 26.40 

2000 22.40 16'00~9'60 46.40 117.40 54. 99.40 108.40 24.80 68.40 9.60 
1--____ .::.20;;.:0;.:1~ __ --I1--__ --=1.::;0.:.;.4.::;0+_----4.:.;0c::.2:.::0+_----.:.;9=,==-20 100.40 29,20 87.40 86.20 126.40 63.00 39.20 

2002 5.80 37.80 24.80 139.60 77. 68.20 104.20 53.60 64.00 32.00 8.20' 
t-----=-20=-0:-:3------II-----"::'0-.0-Or, -----1:-:6:-:.2:-:0+----=-32=-.2-:-:."0 73.00 4S.40 61.00 68,80 65.20 103.60 84.00 39.40 
I_--~~----~------~r-----~ 
1_-----'2;;..0.::;0~4---_r--..::;1~0.:.; .. 6 -'+'0 ____ --'-0.;,,:.;,.00 148.40 44,00 124.80 48.00 37.40 61.60 57.001 28.00 

2005 29.60 16.00 9.00 73.40 26.80 142.40 50.40 65.20 78.60 44.00, 81,001 28.40 
2006 44.00 22.80 55.80 80.60 52.20 85.80 143.80 22.20 100.20 129.20 91.60 39.20 
2007 18.70 59.10 12,40 66.10 50.60 15.43 86.33 48.90 58.40 128.63 47.50 40.00 
2008 I 48.00 13.70 42.65 41.50 102.00 73.00 101.50 78.101 105.00 41.40 60.60 29.00 
2009 0.60 36.10 38.90 105.10 78.70 95,00 124.80 58.70 42.10 86.00 38.70 29.60 
2010 10.50 0.10 30,50 25.70 99.20 

Average 17.93 18.64 31.58 54.72 75.86 84.01 77.22 85.61 89.42 75.70 61.11 24.28 
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Udora 

Verified Daily Rainfall arranged per month 

Total Rainfall (mml 

Year/Month 1 2 3 4 5 6 7 8 9 10 11 12 

1990 108.8 68.5 36.9 36.9 109.7 62.9 53.3 

I 1991 12.6 9.4 70.8 127 48 35.1 64.1 77.9 77.9 67.7 44.8 11.6 

1992 7.4 9.7 25.3 53 50.2 43.6 81.6 131.6 131.6 52 75.3 14.2 

1993 39.7 0 4 56.1 65 95.4 66.4 81.8 81.8 59.8 61 11.4 

1994 15 0 11.8 68.2 124.2 30.8 95.6 43.3 43.3 40.7 44.4 22.8 

1995 89.3 1 17.2 63.8 69.4 114.5 124.4 99.6 99.6 138.7 103.5 3.6 

1996 45.9 . 24 4.8 78 65.2 132.8 100.2 100.4 100.4 57 19.4 47.4 

1997 18.8 66.3 23.1 n.8 74.6 111 40.8 74.7 74.7 51 43.1 9 

1998 70.6 31.6 58.3 60.6 32 194.7 60.4 117.6 117.6 36.2 28 32.8 

1999 23.4 17 3.4 34.6 79.8 135.2 105.8 62.6 62.6 77.8 101.4 24.8. 

2000 2l.2 7 22.6 35.4 138.3 254.9 46.6 83.6 83.6 24.8 69.4 7.6 

2001 4 30.8 14.6 27.4 68 66 47.8 50.9 50.9 146.4 85.6 39.6 

2002 1 22.7 31.2 89.3 202.8 137.2 101.6 55.4 55.4 61.6 41.4 21 
2003 0 11.2 30.6 36.8 89.4 106.4 49.4 106.6 106.6 78.8 103.4 48.4 

2004 4.8 0 50.2 54.4 111.4 53.2 179.6 40.4 40.4 58.2 62 37.6 

2005 15.8 15.8 4 71.2 18.8 123 41.4 63.5 63.5 44 69.6 28.4 

2006 41 32.6 41.8 67.4 91.6 69.2 195 30.2 30.2 108.3 65.4 46.3, 

2007 23.2 2.5 10.6 46.6 54 53.8 40.5 40 40 87.3 47.6 17.6: 

2008 24.4 16.4 31.8 36.4 107.4 125.2 105.6 140.6 140.6 35.2 55 48.2 

2009 0 42.3 44.8 115.2 96.2 76.2 94 82.6 82.6 69.4 46.6 20.2 

2010 15.2 0 50 26.8 85.8 

Average 23.67 17.02 27.55 58.55 83.61 103.35 85.47 76.01 76.01 70.23 61.49 26.34 
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Appendix D 

Verified Daily Rainfall Arranged Per Season 



Barrie 

Verified Daily Rainfall arranged per Season 

YEAR Total Rainfall (mm) 

Winter (Dec, Jan, Feb) Spring (Mar, Apr, May) Summer (Jun, Jul, Aug) Fall (Sep, Oct, Nov) 

1972·1973 

1973 -1974 

1974 -1975 

1975 -1976 

1976 -1977 

1977 -1978 209.8 193.0 
1978 - 1979 17.7 173.8 179.0 276.5 
1979 - 1980 55.3 154.2 298.1 197.3 

1980 - 1981 54.7 163.6 255.6 218.7 
1981 - 1982 16.8 119.1 286.8 207.6 
1982 - 1983 104.4 204.2 146.8 227.8 
1983 -1984 21.0 175.4 169.2 222.2 

1984 -1985 85.8 164.8 296.2 218.9 
1985 -1986 18.0 183.2 298.0 400.8 

1986 - 1987 19.0 145.0 351.8 217.6 

1987 - 1988 47.4 149.8 206.5 299.2 

1988 -1989 40.0 159.8 188.4 242.6 

1989 -1990 35.0 191.8 182.6 294.8 

1990 - 1991 37.2 253.6 185.0 166.8 

1991 - 1992 24.6 130.4 225.4 256.2 

1992 - 1993 36.2 147.4 241.1 237.3 

1993 - 1994 35.1 176.6 181.6 203.6 

1994 - 1995 77.4 152.9 403.3 270.6 

1995 -1996 56.4 191.4 288.0 302.8 

1996 -1997 111.8 146.4 213.1 143.3 I 
1997 - 1998 91.2 158.9 279.3 180.2 

1998 -1999 61.0 85.2 321.4 247.1 

1999 - 2000 ·62.5 '. 228.8 370.5 189.3 

2000 - 2001 50.4 145.5 188.7 304.9 

2001 - 2002 92.8 239.2 220.6 148.6 

2002 - 2003 8.5 146.3 322.6 292.6 

2003 - 2004 55.8 257.8 234.9 156.1 

2004 - 2005 58.4 120.6 234.5 207.1 

2005 - 2006 87.9 153.8 

2006 - 2007 

2007 - 2008 

2008 - 2009 

2009·2010 
Average All 52.2 168.6 249.2 233.0 
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Coldwater Warminster 

Verified Daily Rainfall arranged per Season 

YEAR Total Rainfall (mm) 

Winter (Dec, Jan, Feb) Spring (Mar, Apr, May) Summer (Jun, Jul, Aug) Fall (Sep, Oct, Nov) 

1972 177.7 218 

1972-1973 92.3 196.5 208.5 230.5 

1973 - 1974 53.7 227.4 294.0 200.4 

1974 - 1975 79.6 98.6 179.5 153.3 

1975 - 1976 45.1 129.7 262.7 186.0 

1976 - 1977 15.6 92.8 250.0 285.0 

1977 - 1978 27.5 127.3 229.0 237.8 

1978 - 1979 45.8 187.8 257.9 290.8 

1979 - 1980 60.8 201.8 353.5 284.9 

1980 -1981 76.1 190.0 381.8 229.0 

1981-1982 15.8 120.8 298.9 228.0 

1982 1983 148.5 237.4 191.0 258.2 

1983 - 1984 41.2 206.0 217.0 247.8 

1984 - 1985 108.2 167.4 264.9 307.8 

1985 -1986 31.6 171.8 343.4 306.2 

1986 -1987 24.8 124.4 244.0 231.6 

1987 -1988 62.0 120.4 240.6 283.4 

1988 - 1989 29.6 145.2 244.7 288.8 

1989 - 1990 59.4 183.2 187.0 280.8 

1990 - 1991 46.6 279.8 159.8 244.0 

1991- 1992 49.4 115.4 271.4 265.4 

1992 -1993 67.2 147.0 293.8 259.0 

1993 -1994 36.2 199.4 243.2 199.6 

1994 -1995 74.2 168.0 254.4 273.0 

1995~ 67.8 186.0 308.7 259.8 

1996 135.7 133.2 225.8 120.2 

1997 -1998 168.2 168.4 372.4 159.8 

1998 - 1999 64.8 118.0 365.0 241.2 

1999 - 2000 64.9 178.4 331.4 221.7 

2000 - 2001 67.5 150.1 169.8 295.4 

2001 - 2002 116.8 212.0 197.4 170.2 

2002 - 2003 15.3 161.4 234.2 310.0 

2003 - 2004 57.2 295.3 206.8 155.2 

2004 - 2005 85.8 135.5 139.6 227.4 

2005 - 2006 89.4 145.0 143.5 279.4 

2006 - 2007 89.5 407.8 241.6 249.8 

2007 - 2008 134.9 210.4 248.6 206.7 

2008 - 2009 71.4 225.8 209.9 229.2 

2009 - 2010 43.3 147.9 

Average All 67.5 176.7 248.5 239.9 
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Shanty Bay 

Verified Daily Rainfall arranged per Season 

YEAR Total Rainfall (mm) 
Winter (Dec, Jan, Feb) Spring (Mar, Apr, May) Summer (Jun, Jul, Aug) Fall (Sep, Oct, Nov} 

1972-1973 203.4 166.0 
1973 1974 52.4 225.4 313.2 189.7 
1974 -1975 57.6 112.4 I 215.2 163.5 

52.2 161.1 282.6 239.9 
13.7 114.0 292.6 274.6 
39.6 134.8 182.4 186.0 I 

38.6 161.0 189.7 258.4 I 

61.0 161.0 326.0 228.6 i 
1980 -1981 69.6 166.2 290.2 194.2 
1981 1982 14.0 118.2 304.6 216.6 

I 1982 -1983 135.6 194.0 154.6 229.4 
1983 -1984 38.4 185.4 193.0 222.0 
1984 -1985 92.2 156.2 260.8 244.6 
1985 -1986 34.2 182.2 303.0 345.6 I 

1986 -1987 32.2 121.2 311.6 215.8 
1987 -1988 53.8 120.0 217.2 273.8 : 

1988 -1989 33.6 130.6 184.7 273.2 
1989 -1990 49.8 187.2 . 189.6 274.4 
1990 -1991 48.2 263.2 189.4 166.6 I 
1991- 1992 38.4 130.6 216.0 257.8 
1992 - 1993 49.0 146.8 250.2 259.2 
1993 - 1994 25.0 174.2 177.4 196.2 
1994 -1995 70.2 155.4 378.2 260.0 
1995 - 1996 68.6 186.2 339.4 273.6 
1996 - 1997 121.8 115.2 209.8 117.6 
1997 - 1998 111.0 148.6 316.6 168.2 

1998 - 1999 74.8 82.6 276.4 240.8 

1999 - 2000 "., 64.8 193.4 332.8 . .. . 201.6 
• 

2000 - 2001 60.2 140.8 199.0 275.6 

2001 - 2002 82.8 245.8 250.0 149.6 

2002 - 2003 24.4 134.0 175.2 252.8 

2003·2004 50.0 261.0 216.8 156.0 

2004 - 2005 73.6 109.2 258.0 203.6 

2005 - 2006 95.2 188.6 251.8 321.0 

2006 - 2007 117.0 129.1 150.7 234.5 

2007 - 2008 101.7 186.2 252.6 207.0 

2008 - 2009 65.7 222.7 278.5 166.8 

2009 - 2010 40.2 155.4 
Average All 60.8 162.2 246.8 224.5 
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Udora 

Verified Daily Rainfall arranged per Season 

YEAR Total Rainfall (mm) 

Winter (Dec, Jan, Feb) Spring (Mar, Apr, May) Summer (Jun, Jul, Aug) Fall (Sep, Oct, Nov) 

1972-1973 
I 

1973 -1974 
1974 1975 
1975 -1976 I 

1976 -1977 
1977 1978 
1978 -1979 
1979 1980 
1980 - 1981 I I 

1981-1982 

1982 -1983 
1983 -1984 
1984 -1985 
1985 -1986 

1986 - 1987 
1987 - 1988 

! 

1988 - 1989 i 
1989 - 1990 214.2 209.5 

1990 -1991 75.3 245.8 177.1 190.4 

-1992 28.7 128.5 256.8 258.9 

-1993 53.9 125.1 243.6 202.6 

1993 -1994 26.4 204.2 169.7 128.4 

1994 -1995 113.1 150.4 338.5 341.8 

1995 - 1996 73.5 148.0 333.4 176.8 

1996 ·1997 132.5 120.5 226.5 168.8 

1997 ·1998 111.2 150.9 372.7 181.8 

1998 -1999 73.2 117.8 303.6 241.8 

1999 - 2000 ·53.0 196.3 385.1 177.8 

2000 - 2001 42.4 110.0 164.7 282.9 

2001·2002 63.3 323.3 I 294.2 158.4 

2002 - 2003 13.2 156.8 262.4 288.8 

2003 - 2004 53.2 216.0 273.2 160.6 I 
2004 2005 69.2 94.0 227.9 177.1 

2005 2006 102.0 200.8 294.4 203.9 I 

2006 - 2007 72.0 111.2 134.3 174.9 

2007 2008 58.4 175.6 371.4 230.8 

2008 2009 90.5 256.2 252.8 198.6 

I 2009 2010 35.4 162.6 

Average All 67.0 169.7 264.8 207.7 
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