
Atmospheric water

• Hydrological cycle
• Drainage basin
• Water balance

• Energy equation
• Flow equation
• Continuity equation

1. Introduction
2. Atmospheric water
3. Groundwater
4. Soil water
5. Surface water

Exercises

Paperback | 351 pages
Follow the book’s didactic concept!



Measuring precipitation



Measuring precipitation



Measuring precipitation



Areal precipitation

Thiessen polygons



Areal precipitation

Isohyetal method



Areal precipitation

After Schuurmans et al. (2007)

From observations by radar stations



Meteorological station

05140 Aspremont, Hautes Alpes, France

Tinyurl.com/HautevilleMeteo



Relative humidity (RH)
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Saturation vapour pressure table



Evaporation types

• Interception evaporation

• Soil evaporation

• Transpiration

• Potential evaporation

• Actual evaporation

• Reference crop evaporation

• Pan evaporation

• Open-water evaporation



Evaporation pan

Eopen water = p × Epan p = pan coefficient

p on an annual basis ≅ 0.8



Evaporation rate



Lysimeter - Soil evaporation



Evaporation types

From higher to lower values (generally):

1. Pan evaporation

2. Open-water evaporation

3. Reference crop evaporation

4. Potential evaporation

5. Actual evaporation

All values are in mm day-1!



Penman-Monteith equation
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Energy balance



Atmospheric demand

es – ea saturation deficit



Online Resource Centre



Spreadsheet model: input



Spreadsheet model: output



FAO Penman-Monteith equation
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Allen et al. (1998):

Source: http://www.fao.org/docrep/X0490E/x0490e00.htm#Contents

rccp EKE =

Kc = crop coefficient of a particular crop at a certain growth stage:



References

Allen, R.G., Pereira, L.S., Raes, D., and Smith, M. (1998). Crop evapotranspiration. Guidelines for computing crop water 
requirements. FAO Irrigation and drainage paper 56. Food and Agriculure Organization of the United Nations (FAO), Rome. 
http://www.fao.org/docrep/X0490E/x0490e00.htm#Contents

ASCE (1949). Hydrology Handbook, American Society of Civil Engineers, New York.

Hendriks, M.R. (2010). Introduction to Physical Hydrology. Oxford University Press. 

Schuurmans, J.M., Bierkens, M.F.P., Pebesma, E.J. and Uijlenhoet, R. (2007). Automatic prediction of high-resolution daily rainfall 
fields for multiple extents: the potential of operational radar. Journal of Hydrometeorology, 8, 1204-1224.

Thornthwaite, C.W. and Mather, J.R. (1955). The water balance. Publications in Climatology, 8, 1-86.

http://www.fao.org/docrep/X0490E/x0490e00.htm#Contents

