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1 Meteorological and Hydrological Data Analysis for The Purpose of Hydrological Studies

1.1 General

Hydrological studies require extensive analysis of meteorological, hydrological and spatial data to represent the actual processes taking place on the environment and better estimation of quantities out of it. Precipitation is the source of all waters which enters the land. Hydrologists need to understand how the amount, rate, duration, and quality of precipitation are distributed in space and time in order to assess, predict, and forecast hydrologic responses of a catchment.

Estimates of regional precipitation are critical inputs to water-balance and other types of models used in water-resource management. Sound interpretation of  the prediction of such models requires an assessment of the uncertainty associated with their output, which in turn depends in large measure on the uncertainty of the input values.

The uncertainties associated with a value of regional precipitation consist of:

1. Errors due to point measurement

2. Errors due to uncertainty in converting point measurement data into estimates of regional precipitation

It is therefore, necessary to first check the data for its quality, continuity and consistency before it is considered as input. The continuity of a record may be broken with missing data due to many reasons such as damage or fault in recording gauges during a period. The missing data can be estimated by using the data of the neighboring stations correlating the physical, meteorological and hydrological parameters of the catchment and gauging stations. To estimate and correlate a data for a station demands a long time series record of the neighboring stations with reliable quality, continuity and consistency.

1.2 Meteorological data

1.2.1 Principles of Data Analysis

a) Corrections to Point Measurements

Because precipitation is the input to the land phase of the hydrologic cycle, its accurate measurement is the essential foundation for quantitative hydrologic analysis. There are many reasons for concern about the accuracy of precipitation data, and these reasons must be understood and accounted for in both scientific and applied hydrological analyses. 

Rain gages that project above the ground surface causes wind eddies affecting the catch of the smaller raindrops and snowflakes. These effects are the most common causes of point precipitation-measurement. Studies from World Meteorological Organization (WMO) indicate that deficiencies of 10% for rain and well over 50% for snow are common in unshielded gages. The daily measured values need to be updated by applying a correction factor K after corrections for evaporation, wetting losses, and other factors have been applied.

The following equations are recommended for U.S. standard 8-Inch gauges with and without Alter wind shields.

Correction factor for unshielded rain gauges:

Kru = 100 exp (-4.605 + 0.062 Va 0.58) 






(1.1)
Correction factor for Alter wind shielded rain gauges:

Kru = 100 exp (-4.605 + 0.041 Va 0.69)






 (1.2)

Where:

Va = Wind speed at the gage orifice in m/s (Yang et al. 1998)

Errors due to splashing and evaporation usually are small and can be neglected. However, evaporation losses can be significant in low-intensity precipitations where a considerable amount could be lost. Correction for wetting losses can be made by adding a certain amount (in the order of 0.03 – 0.10 mm) depending on the type precipitation.

Systematic errors often associated with recording type rain gauges due to the mechanics of operation of the instrument can be minimized by installing a non recording type gauge adjacent to each recording gauge to assure that at least the total precipitation is measured. Instrument errors are typically estimated as 1 – 5% of the total catch (Winter (1981)).

Although difficult to quantify and often undetected, errors in measurement and in the recording and publishing (personal errors) of precipitation observations are common. To correct the error some subjectivity is involved by comparing the record with stream flow records of the region.

b) Estimation of Missing Data

When undertaking an analysis of precipitation data from gauges where daily observations are made, it is often to find days when no observations are recorded at one or more gauges. These missing days may be isolated occurrences or extended over long periods. In order to compute precipitation totals and averages, one must estimate the missing values. Several approaches are used to estimate the missing values. Station Average, Normal Ratio, Inverse Distance Weighting, and Regression methods are commonly used to fill the missing records. In Station Average Method, the missing record is computed as the simple average of the values at the nearby gauges. Mc Cuen (1998) recommends using this method only when the annual precipitation value at each of the neighboring gauges differs by less than 10% from that for the gauge with missing data.
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Where:

Px = The missing precipitation record

P1, P2 , …, Pm = Precipitation records at the neighboring stations

M = Number of neighboring stations

If the annual precipitations vary considerably by more than 10 %, the missing

record is estimated by the Normal Ratio Method, by weighing the precipitation at

the neighboring stations by the ratios of normal annual precipitations.
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Where:

Nx = Annual-average precipitation at the gage with missing values

N1 , N2 , …, Nm = Annual average precipitation at neighboring gauges

The Inverse Distance Method weights the annual average values only by their distances, dm, from the gauge with the missing data and so does not require information about average annual precipitation at the gauges.
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The missing value is estimated as:
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The value of b can be 1 if the weights are inversely proportional to distance or 2, if the weights are proportional to distance squared.

If relatively few values are missing at the gauge of interest, it is possible to estimate the missing value by regression method.

c) Checking the Consistency of Point Measurements

If the conditions relevant to the recording of rain gauge station have undergone a significant change during the period of record, inconsistency would arise in the rainfall data of that station. This inconsistency would be felt from the time the significant change took place.  Some of the common causes for inconsistency of record are:

1. Shifting of a rain gauge station to a new location

2. The neighbor hood of the station may have undergoing a marked change

3. Change in the immediate environment due to damages due to deforestation, obstruction, etc.

4. Occurrence of observational error from a certain date both personal and instrumental

The most common method of checking for inconsistency of a record is the Double-Mass Curve analysis (DMC). The curve is a plot on arithmetic graph paper, of cumulative precipitation collected at a gauge where measurement conditions may have changed significantly against the average of the cumulative precipitation for the same period of record collected at several gauges in the same region. The data is arranged in the reverse order, i.e., the latest record as the first entry and the oldest record as the last entry in the list. A change in proportionality between the measurements at the suspect station and those in the region is reflected in a change in the slope of the trend of the plotted points.

If a Double Mass Curve reveals a change in slope that is significant and is due to changed measurement conditions at a particular station, the values of the earlier period of the record should be adjusted to be consistent with latter period records before computation of areal averages. The adjustment is done by applying a correction factor K, on the records before the slope change given by the following relationship.
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1.3 Areal Estimation

Rain gauges represent only point measurements. in practice however, hydrological analysis requires knowledge of the precipitation over an area. Several approaches have been devised for estimating areal precipitation from point measurements. The Arithmetic mean, the Thiessen polygon and the Isohyetal method are some the approaches.

The arithmetic mean method uses the mean of precipitation record from all gauges in a catchment. The method is simple and give good results if the precipitation measured at the various stations in a catchment show little variation.

In the Thiessen polygon method, the rainfall recorded at each station is given a weightage on the basis of an area closest to the station. The average rainfall over the catchment is computed by considering the precipitation from each gauge multiplied by the percentage of enclosed area by the Thiessen polygon. The total average areal rainfall is the summation averages from all the stations. The Thiessen polygon method gives more accurate estimation than the simple arithmetic mean estimation as the method introduces a weighting factor on rational basis. Furthermore, rain gauge stations outside the catchment area can be considered effectively by this method.

The Isohyetal method is the most accurate method of estimating areal rainfall. The method requires the preparation of the isohyetal map of the catchment from a network of gauging stations. Areas between the isohyets and the catchment boundary are measured. The areal rainfall is calculated from the product of the inter-isohyetal areas and the corresponding mean rainfall between the isohyets divided by the total catchment area.

1.4 Hydrological Data

The availability of stream flow data is important for the model calibration process in catchment modelling. Measured hydrograph reflects all the complexity of flow processes occurring in the catchment. It is usually difficult to infer the nature of those processes directly from the measured hydrograph, with the exception of some general characteristics such as mean times of response in particular events. Moreover, discharge data are generally available at only a small number of sites in any region where different characteristics of the

catchment are lumped together. 

1.4.1 Missing Data and Comparison with the Precipitation Records

The data so far collected do not indicate any missing data. The potential errors in the discharge records would affect the ability of the model to represent the actual condition of the catchment and calibrating the model parameters. If a model is calibrated using data that are in error, then the model parameter values will be affected and the prediction for other periods, which depend on the calibrated parameter values, will be affected.
Prior to using any data to a model it should be checked for consistency. In data where there is no information about missing values check for any signs that infilling of missing data has taken place is important. A common indication of such obvious signs is apparently constant value for several periods suggesting the data has been filled. Hydrographs with long flat tops also often as sign of that there has been a problem with the measurement. Outlier data could also indicate the problem. Even though there is a danger of rejecting periods of data on the basis on these simple checks, at least some periods of data with apparently unusual behavior

need to be carefully checked or eliminated from the analysis. The available stream flow data for this analysis generally has corresponding match with the precipitation records in the area. The high flows correspond to the rainy seasons. In some of the years there are remarkably high flow records, for instance in the month of august 2000 and 2001 the flow records are as high as 100 and 89 m3/s compared to normal rainy season records which is between 30 and 65 m3/s. These data might be real or erroneous. On the other hand the values match to the days of the peak rainfall records in the area in both the cases.
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Figure 1.2: Koga stream flow record compared with the precipitation record.

However, the stream flow records of 1995 are exceptionally higher and different from flow magnitudes that had been records for long period of time at Koga River. It is not only the magnitude which is different from the normal flow record, but also it contradicts with the magnitude of the precipitation recorded during the year. These records might be modeled or transferred flows. Hence, the flow records of this year are excluded from being the part of the analysis.
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