
Topic 1 – Agrometeorology and agrometeorological measurements   

 

The lectures contain an introduction of basic concepts in our physical environment 

(radiation, energy and water balance) as well as planning of experiments and 

measurement theory and training including detailed information on sensors. The topics 

contained important components in measuring meteorological/agrometeorological 

conditions and data generation for agrometeorological model inputs: data collection 

methods, signal transfer, measurement methods of single parameters such as 

temperature, radiation, air humidity, evapotranspiration, leaf wetness, precipitation, wind 

and turbulence, soil water content, infrared thermography. 
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Energy balance and water balance

0 = Rn - G - H - L.E (- DS)

Rn = Net radiation

G = Soil heat flux

H = Sensitive heat flux

L.E = Latent heat flux (evaporation)

L = latent heat (2,45*106 J/kg)

E = Amount of water

DS = energy stored in biomass

Units : MJ.m-2 d-1 or W.m-2

0 = P - L.E - R - DSw + K - D

P = Precipitation

LE = evapotranspiration

R = Runoff

DSW = Soil storage change

K = Capillary rise, D = Drainage

heat flux

Sensitive

Latent heat

latent heat

E = Amount of water

S = energy stored in biomass
-2 d-1 or W.m

Energy balance

Water balance

Field water balance : 

Soil – Plant –Atmosphere Interactions

beeinflussen sich gegenseitig

Soil

(water storage)

50 - 400 l/m2 in root horizon

Water movement

Precipitation

Plant stand

WindEvapotranspiration
(up to 8 mm/day)

Radiation, Energy

Air humidity

Temperature

Mulch layer

Resistances on evapotranspiration
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lET = Latent heat flux (evapotranspiration) [mm d-1]

Rn = net radiation [MJ m-2 d-1]

G = soil heat flux [MJ m-2 d-1]

es = saturation vapour pressure [kPa]

ea = actual vapour pressure [kPa]

es-ea = vapour pressure deficit of the air [kPa]

D = slope of the vapour pressure curve [kPa °C-1]

g = psychrometric constant [kPa °C-1]

ra = air density [kPa °C-1]

cp = specific heat of the air [kPa °C-1]

rs = surface resistance [s m-1]

ra = aerodynamic resistance [s m-1]

Penman-Monteith combination equation for vegetative areas

Calculation of  Evapotranspiration
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Example : FAO grass reference Et0 (Allen, 1998)

Simplified calculation of the reference evapotranspiration

Purpose : less input parameters - handy use

ET = Eto * Kc * Kc adj

influence of leaf area, plant height

influence of soil water availability



Water balance factors of a plant site (Kroes, 2002)

precipitation/irrigation

root water absorption

transpiration

evaporation

surface runoff
interception

vertical flow :

capillary rise, 

drainage

infiltration

groundwater

unsaturated zone

saturated zone

flux/transport of :

-soil water

-heat

-dissolved solids

influenced by :

pore size distribution,

hysteresis,

shrinking/swelling

cracks,

soil heterogeneity,

etc.

Concepts of soil water balance calculation

1. Simplified: 

Cascade method (simple balance approach of each 

layer)
(only vertical water flow downwards)
Only for light (sandy etc.) soils, with free drainage, no capillary rise from 

groundwater

2. Complex: 

Consideration of hydraulic conductivities and -potentials 

(one- to three dimensional fluxes) 

- Method of Darcy (1856)

Q = K(h)*(∂h/∂z)

- Method of Richard´s (1941)

∂θ/∂t = ∂[K(h)*(∂h/∂z +1)] ∂z – S(h) 

Q - Amount of water/time/area,

θ - Water content, t - time, S - Source/Sink, 

K - hydraulic conductivity, h - soil water potential,  z - verticale distance 

Soil characteristics and water balance

Water retention curve:

Relation of soil water content and soil water potential of various soils (pF-curve)

(Scheffer and Schachtschabel, 1982)

Problem root water uptake

Type of roots (Cannen, 1949)

W =  A  :  (FSoil - FRoot ) / S r

W = Absorbed amount of water

A= exchange area (in cm2 / cm3)

Fi= Hydraulic Potential of roots, soil

r= Hydr. Reistance soil, soil-root contact / plant

( Gardner)

Mean effective root zone depth of crops [dm] 

Plant available soil water [mm] 

for different soils (mean bulk density)

Spatial effects on water 

balance 

caused by

soil conditions 



Spatial variable soil conditions
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Fallow Crop Field

Meadow

Meadow

Spatial effects on water 

balance 

caused by

landscape structures

Multiple effects of hedgerows on microclimate

• wind speed reduction

• higher amounts of precipitation 

• promoting dew formation

• reducing evapotranspiration

• reducing soil erosion

à Significant effects on crop water balance, drought damage 

and crop yield

à Optimization of microclimatological conditions

MUBIL: Hedgerows – modification of 

microclimate of neighbouring fields

Sphere of influence

Source: Frielinghaus et al.,1997, modified

Additional Snow Accumulation Effects

 
snow  cover on 10 March 2005 
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Small scale (within field) yield variations due to soil 

conditions and hedgerow in Marchfeld – site 

Rutzendorf  (Source : Schauppenlehner) 

Abb. 2.88b

Water balance 

of crop stands

Evapotranspiration of crop stands

Evapotranspiration = Evaporation + Transpiration 

Transpiration resistance and stomata regulation (Allen, 1998)

Transpiration (plants) 

Transpiration coefficient Water consumption of different plants

(meadows, alfalfa, crops, legumes, root crops, maize)



Course of available soil water for

plants during several vegetation

periods (coffee plantation)

Example : effect of water stress for grapes

Scheme of a daily course of the transpiration with increasingly reduced water supply. 

The arrows point to stomata opening movements which are released by a changed water 

state. The area of cuticular transpiration is shown in the lines 4-5.  

1 unlimited transpiration 

2 typical depression of transpiration after noon by stomatal closure   

3 case of fully closed stomata at noon 

4 only cuticular transpiration 

5 reduced cuticular transpirations by cell shrinking   

After Stocker (1956). 

Short-term water stress (< 1 day)

What is drought stress ?

Due to deficit of root water uptake the plant has to reduce it´s potential transpiration, 

which is determined by the potential photosynthesis and the leaf mass. This may

occur for short or long time.

Short-term effects (grapes) :

• reduced photosynthesis

• leaf wilking

• reduced resistance against frost / chill

• metabolism (reduced protein syntehsis)

Long-term effects :

• growth retardation

• yield and quality depression

• die back of plant parts

• increased root growth

• diverse other adaptation mechanisms

Thank you !
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