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Examination, Science of Environmental Change. FFR 166  
Oct 25, 2012, 8.30-13.30 in Vasa Building 3 
 
Note ! The available time is 5 hours. 
 
Aids:   
  -Pocket calculator of category a “Chalmers-approved calculator”:  
       Casio FX82, Texas TI30, Sharp EL531 (checked by teacher on duty). 
  -Language dictionaries.   
  -Physical and mathematical tables.   
Teacher on duty: Sten Karlsson, extension: 3149, mobile 0737-553398 
 
Grading scale: 3: 37p;   4: 55p;  5: 73p    (of total 92 points).  
The achieved points from the three assignments (max 60) and the oral presentation (16) 
are multiplied with a factor 14/76, rounded to nearest halfpoints and then added to exam 
points for grades 4 and 5. (Thus max 14 additional points.) 
 
Write structured and if possible be concise. Use figures if they make your answers clearer. 
Your answers should prove good understanding of the subject. 
 
Note!  Always start on a new paper when you turn to the next question. Write your 
exam code on every paper. 
 
Note!  Your answers should be in English.  
 
 
Katarina Gårdfeldt 
1 a/ Give examples of three cations and examples of three anions. (3p) 
b/ Give an example of an ionic compound. (1p) 
c/ give an example of a covalent compound. (1p) 
 
 
2/ Methane reacts with the hydroxyl radical in the atmosphere according to second order 
kinetics with the rate constant k. Write a balanced reaction formula for the initial step 
and the rate expression for the reaction. (4p) 
 
 
3 a/ How is the hydroxyl radical formed in the troposphere, explain with words and by 
help of chemical formulas. (3p) 
 
b/ How is the nitrate radical formed in the troposphere, explain with words and by help 
of chemical formulas. (2p) 
 
 
4 a/ What is the end product from oxidation of methane in the troposphere? (1p) 
 
b/ What is the end product from oxidation of nitrogen dioxide and the hydroxyl radical 
in the troposphere? Write balanced chemical reaction formula. (3p) 
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5 a/ Under which conditions are London smog formed and which are the primary and 
secondary pollutants? (3p) 
 
b/ Under which conditions are photochemical smog formed and which are the primary 
and secondary pollutants? (3p) 
 
 
Sten Karlsson 
6. a) Define the residence time and turnover time, respectively, used when 
dealing with materials fluxes in the environment. How are they related ? (3p)  
 
b)  
- Define the solar constant. How large is it? (2p) 
  
The diagram below gives the radiation flux for direct solar radiation at the Earth’s 
surface (in W/m2 surface) for different cleanliness of the air, and when no clouds. Curve 
b is for a clean atmosphere and c is an example for a dirty atmosphere. (Curve a is for an 
“ideal” atmosphere not so interesting.) The Sun’s angle from zenith in Gothenburg is 
minimum 34 degrees (at midday around midsummer) and is around 80 degrees at 
midday around Christmas (i.e. the sun is only 10 degrees above the horizon) Now:    
- Use your estimate of the solar constant above and the diagram below to calculate the 
optical depth for solar radiation at the surface in Gothenburg at the two points in time, 
respectively, mentioned above, assuming clean atmosphere and no clouds. (If you have 
no answer to the value of the solar constant, you can assume a value and do the 
calculation from that.) (2p) 
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7. a) For a wind power plant, what is the energy quality factor (exergy flux per unit 
energy flux) for the wind energy flux towards it and electricity output from it, 
respectively?   (2p) 
 
b) A sunny spring day in Sweden with an air temperature of 10 oC, a solar water heater 
produces 700 W of hot water (60 oC) per m2, and a solar cell equipment produces 120 W 
of electricity per m2. Demonstrate by a calculation which one of these two equipments 
has the highest exergy efficiency.  (3p) 
 
 
8. a) Describe the atmospheric hydrostatic balance, geostrophic balance, and thermal 
wind shear, respectively. Give one atmospheric property/phenomena related to each of 
these three concepts, respectively.   (6p) 
 
b) Temperature and salinity are important parameters for density and circulation in the 
ocean and are affected by the atmosphere above the ocean.  
-How varies in general the salt concentration in the surface ocean from equator to pole?  
-How is this variation connected to the atmospheric general circulation? (3p)  
 
 
9. In processes of oxidation of organic materials, C, N and S species can be utilized as 
electron acceptors to yield energy/exergy. 
 - Gives examples of end product species in these processes for C, N and S, respectively.  
- What is a common condition for these processes to take place?  (4p) 
 
 
10. - Describe the inorganic carbon chemistry of the ocean: the species and chemical 
balances involved.  
- Give also an account of how an increase in the CO2 pressure in the atmosphere will 
affect the concentration of these species in the surface ocean.  
- Also demonstrate how this CO2 pressure increase will affect the surface ocean 
alkalinity.   (6p) 
 
 
11. a) Which are the dominating process and societal sectors behind nitrate NO3

-, 
ammonia NH3, and NOx emission/leaching, respectively.  (3p) 
 
b) Explain how a sulphidic mine waste heap can contribute to metal leakage if not…, 
yes if not what?  (2p)   
 
 
12 a) There are (at least) two slightly different radiative forcing concepts in use. 
Define/describe them and point especially to how they differ. Which are the bigger one 
and why? (4p) 
 
b) In the IPCC table accounting for the current radiative forcing due to different gases 
and other emissions or to environmental changes, CFCs (chloroflorocarbons) are present 
twice due to their involvement in two different processes contributing to the forcing. 
Explain where, why and how the CFCs are affecting the forcing in these two instances! (4p) 
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Rod Stevens 
13. Explain the figure showing water production over time for a typical watershed with 
limited water resources (from Gleick & Palaniappan 2010). (3p)  
 

 
 
 
14. Sketch a simple water budget for a temperate climate region (like southern Sweden). 
Show the main water fluxes and give approximate values, given a precipitation of 700 
mm/year.  (3p)  
 
 
15. Why does groundwater often has better water quality than does surface water? Why 
is groundwater not used as the main water supply for most major cities?  (2p)  
 
 
 
Stefan Wirsenius 
16. What are “soil colloids”? Specify their characteristic physical and chemical 
properties. Also, describe how soil colloids influence soil fertility.    (4p) 
 
 
17. Describe the two cases where nitrogen deposition does and does not cause actual 
soil acidification. For each case, explain the mechanisms of the soil acidification 
processes and make drawing(s) of the relevant flows in the soil-plant profile.  (4p) 
 
 
Kjell Wallin 
18 a) List at least five fundamental ecological interactions.  (5p)  
 
b)  For a Darwinian evolution to occur there are a need for three requirements. Which 
are these requirements?  (3p) 



 


