McGill University

Department of Geography

  Environmental Systems: GEOG 203

Assignment I     Climatology and Hydrology
ç
Due: Start of class September  29, 2006
Hand in typed report  with computer generated tables and plots  
Part 1:   Comparing and contrasting climographs for  4 African locations

Use your knowledge of global climate controls to compare and contrast the annual temperature (T) and precipitation (P) patterns at 4 locations: Cairo (Egypt), Lungi (Sierra Leone), Addis Ababa (Ethiopia) and Cape Town (South Africa) . Locate sites in an Atlas (On Web or Histchfeld Library). To find relevant climate records, search for these station names  at the World Climate web site (http://www.worldclimate.com/).  Find weather stations that have the required data (only consider  precip. and 24 hour average  temperature:  T min or max data are not necessary here). Also  note  the station latitude, longitude and elevation.  Using a  map Atlas,  also note the geographical context at each location (closeness to any sea or very large lakes, to montain ranges, direction of prevailing winds (for winds, see relevant maps in textbook chap. 7 ).

1. For each site, enter the monthly P and T  data into a spreadsheet and create plots of the annual cycle of P and T.  Make sure to label axes and show units (month name, mm or degree C) .  Use different line types for T and P data. Also write on each plot the mean annual T and total annual P.  (Deliver 2 neatly labelled plots, each with title and 4 curves, one plot for P data  at the 4 stations- and one for T- 4 stations).     

2. Produce a table  listing for each of the 4 sites annual mean values of P, T as well as  annual ranges (difference between monthly max and min), these ranges as a % of mean annual values and finally the months of max and min P and T (deliver 1 table, with title, column and row headers  and units).  

3. We have seen in lectures that sites lying at similar latitudes receive similar extra terrestrial insolation patterns (similar at top of the atmosphere,  at least).  Are such site's T and P patterns necessarily similar in your data? Using your table and plots, describe the main similarities and contrasts in patterns of  T and P; mainly focus on comparisons within station pairs located at similar absolute latitudes, whether N or S ( i.e. compare Cairo with Cape Town;  Lungi with Addis Ababa).  In this part, just describe the contrasts in T and P between these pairs as they appear in plots and tables (you will only attempt to explain these contrasts later in part 4). This description is limited to  10 typed lines, maximum. Be concise and organize all your ideas.  

4. Based on processes described in class and readings on relevant climate zones in chapter 10 and 11 of the textbook, briefly explain the main climate controls at each of the 4 locations. Pay particular attention to  station latitude (which affects insolation patterns and the changing  station distance with seasons with respect to  moving ITCZ and subptropical high pressure zones), station elevation above sea level, station location with respect to large water bodies and direction of dominant winds. Particularly emphasize similarities and differences in climate controls between paired sites located at similar absolute latitudes (pairs given in 3.).  (Use 25  typed lines, maximum. Carefully organize your explanations.  Write drafts. If you cite course readings, give page numbers)

Part 2:  Effects of forestry on basin runoff 

Forest harvesting is a common phenomenon in northeastern America and has environmental effects. One of the major studies of these effects has been conducted at the Hubbard Brook Experimental Forest, located in New Hampshire. This comprised a paired-catchment approach in which small catchments of similar characteristics were monitored and then whole-catchment experiments were performed. The effects of the treatment on hydrology and biogeochemistry were determined by comparing measurement of runoff and its concentrations of nutrients and elements in the stream draining the catchments.  You will also analyze Hubbard Brook data in Assignment 2.  
Hubbard Brook is located in the White Mountain National Forest. The region has long, cold winters, and mild, cool summers. Precipitation is relatively uniform throughout the year with about 110 mm mon-1 and annual average of 1400 mm, one quarter falling as snow. The basins are hilly, ranging in elevation from 222 to 1015 m (above sea level), with fairly steep slopes and have thin, coarse soils (Podzols) derived from glacial deposits overlying metamorphosed igneous and sedimentary rocks.  
Several small sub-basins that have been used for experiments. The main reference (control) basin is W3. This was left untouched. Basin W2, in contrast,  was completely logged  in December 1965, all cut material was left on the ground and from 1966 to 1968 a nonspecific herbicide was sprayed to eliminate regrowth. In 1969, the vegetation was allowed to regrow. We use data from this study to illustrate the effect of disturbance on hydrology and biogeochemistry.   Data on regional annual precipitation and runoff totals in basins W2 and W3 are give in table 1.  
More information about the HBEF can be obtained from the following Website: 

http://www.hubbardbrook.org
Two central concepts in hydrology are the water balance and stream flow. The water balance accounts for the inputs, outputs, and change in storage over a time period in a drainage basin: 

ΔS = P – ET – R, 

where S is the storage of water in a catchment; P is the input from rainfall or snow; ET is evapotranspiration; and R is basin runoff. Δ indicates a change.  All terms are expressed in mm , a depth equivalent as if the amount of water lost or gained over the period were spread evenly over the entire basin. 

While the water balance is very easy to understand, it is extremely difficult to quantify. Precipitation is difficult to measure because of its spatial variability and the catch efficiency of precipitation gauges decreases significantly if there is wind (a common condition during rain or snow events). Evapotranspiration is measured by micrometeorological techniques that are extremely expensive and require a significant amount of expert labour. Runoff is the easiest variable to measure, at a stream-gauging site. However, if there is water loss by groundwater, then the estimation of water output becomes very difficult. The residual term in the water balance equation is the change in basin storage. It is impossible to measure with any certainty because of the large spatial variability in soil and groundwater storage. Over one whole year, one assumes that ΔS is approximately 0.
1. Graph total annual precipitation and runoff from basins W2 and W3 for the period 1962 to 1976. Data are found in Table 1.  Then compare and contrast  patterns of annual runoff between basins W2 and W3 and with the interannual changes in precipitation.  (Give Plots and 10 typed lines maximum). 

2. Calculate the ratio of runoff from W2 to the runoff of W3 and enter the ratios in Table 1. Plot the ratios on the same time axis as in (1) above. Describe the pattern in the ratio of W2:W3 runoff over the 15 years and  to what extent it seems related to changes in P at all.  (8 lines maximum) 
3.   The water budget equation (given above) implies that, over a whole year,  R = P – ET (if ΔS =0 over a whole year).
If P for any year is the same over both basins, what does a change in the ratio of runoff W2 to W3 imply in terms of changes to total ET in each basin?  What are the possible causes of these changes here?  Based on your knowledge of hydrology, and of the effects of tree logging on runoff processes, briefly explain the patterns you described above in parts 1 and 2.  (12 lines maximum)
Table 1. Annual precipitation (P) and runoff (R) from watersheds W2 and W3 from 1962 to 1976, in mm yr-1. 

	Year
	P
	W2-R
	W3-R
	W2:W3 ratio

	1962
	1230
	777
	699
	 

	1963
	1151
	774
	662
	 

	1964
	1142
	712
	634
	 

	1965
	1048
	599
	547
	 

	1966
	1224
	1189
	757
	 

	1967
	1294
	1132
	781
	 

	1968
	1286
	1057
	762
	 

	1969
	1403
	1348
	999
	 

	1970
	1201
	906
	697
	 

	1971
	1173
	800
	676
	 

	1972
	1349
	1006
	886
	 

	1973
	1793
	1586
	1396
	 

	1974
	1410
	998
	890
	 

	1975
	1449
	1086
	941
	 

	1976
	1516
	1143
	1032
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