
Water dynamics in dry soils
Using relative humidity sensors to measure water vapor 

adsorption in desert soils 

Nurit Agam & Dilia Kool 



How it all started
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Mean water accumulation during rain-free season:
~0.42 mm/day
~33 mm/2.5 months period Models assume 0!

Annual rainfall: ~115 mm



What is the source? 
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Non-rainfall water inputs

Fog:

Tair ≤ Tdew

Dew:

Tsurface ≤ Tdew

Adsorption:
esurface < eair

Water vapor adsorption: 
most common
least considered
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Are we missing something?
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Box TS.5; TS.6; IPPC 6th assessment report

Deserts:
~26% of terrestrial surface
High uncertainty

IN OUT

OUT NET



Is water vapor adsorption 
unique to the Negev desert?
NEED MEASUREMENT METHOD THAT WILL ALLOW EXPLORING

Dilia Kool - Water where there is no water 5



The challenges
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2. Micro-lysimeters are difficult to apply everywhere

1. Typically used sensors for soil water content cannot detect these small changes



The solution
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Use relative humidity sensors in the soil

Why? Soil is dry enough

How?

1. Convert soil relative humidity (RHS) to soil water potential (𝜓𝜓)

𝜓𝜓 = 𝑐𝑐 𝑇𝑇sln RHs Kelvin equation (c- constant; TS – soil temperature)

2. Convert soil water potential (𝜓𝜓) to gravimetric water content (θg)

𝜃𝜃𝑔𝑔 = 𝑎𝑎 ln 𝜓𝜓 + 𝑏𝑏
(a, b – soil-specific parameters)



Tested for two different soils

8



Compared to micro-lysimeters
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Compared to micro-lysimeters
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Trends are good but!
Significant underestimation
Why?
Inability to place sensor at the surface

Loess better than sand
Why?

A smaller amount of water vapor
adsorption resulting in higher sensitivity
to errors in both methods.



And yet… water contents can be monitored!
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Is this unique to the Negev desert?
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The Namib Sand Sea, Namibia


The Sahara, Morocco




What’s next?
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Towards a global assessment of non-rainfall water input dynamics in deserts

Sahara, Morocco

Negev, Israel

Namib, Namibia



What’s next?
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Towards a global assessment of non-rainfall water input dynamics in deserts

Thank you!

Sahara, Morocco

Negev, Israel

Namib, Namibia
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