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What is this 
thing called 
the vadose 

zone?



Why an 
observatory?

The vadose zone 
is part of “the 
critical zone”. 

We have “Critical 
Zone 

Observatories”

https://www.tern.org.au/critical-zone/





Cathedral 
Cave



South 
Passage.

25 m below 
the surface.

Just above the 
water table.



Data (2010-2015)



Data (2015-2021)



Climatology

19 recharge events in 
11 years



Climatology

Seven events between 
August & December 
2010 during a La Niña 
(enhanced spring 
rainfall is typical in 
eastern Australia)



Climatology

Seven events between 
June & October 2016 
associated with a 
negative Indian Ocean 
Dipole (which is 
associated with wet 
winters and springs in 
southern Australia).



Event number Date of recharge 14-day antecedent rainfall 

(mm)
1 1/08/2010 52.4
2 13/08/2010 58.9
3 8/09/2010 41.2
4 16/09/2010 72.0
5 26/10/2010 75.0
6 19/11/2010 89.6
7 2/12/2010 131.4
8 7/03/2012 120.0
9 13/07/2012 53.4
10 17/09/2013 62.2
11 26/06/2016 80.4
12 9/07/2016 46.6
13 20/07/2016 78.2
14 4/08/2016 41.4
15 3/09/2016 94.4
16 20/09/2016 61.1
17 1/10/2016 83.2
18 3/5/2020 62.2
19 29/7/2020 43.6

MINIMUM 41.2

How much 
rainfall is 
needed for 
groundwater to 
be recharged?

(“rainfall 
recharge 
thresholds”)



Minimum  14-day rainfall (mm)

J >112 (No recharge events)

F >115 (No recharge events)

M 120.0

A >130 (No recharge events)

M 62.2

J 80.4

J 43.6 (4 events)

A 41.4 (3 events)

S 41.2 (5 events)

O 75.0 (2 events)

N 89.6

D 131.4

In which month is  
groundwater 
recharge most 
likely?

How much rain is 
needed?



What weather is 
needed for 

groundwater 
recharge?

• Recharge events are generally associated with low 
pressure troughs (13 out of 14 events), often slow moving 
and interacting with cold fronts or upper level systems, 
resulting in extensive rainfall. 

• One event (April 2020) was generated by rainfall 
associated with a cold front. 

• In five cases, recharge occurred in some of the wettest 
months in the instrumental record (March 2012; June-
September 2016). 

• Isolated convective thunderstorms don’t produce 
recharge.



Cathedral Cave, Wellington, 
is a vadose zone 
observatory of groundwater 
being recharged. 

All other ‘drippy‘ caves are 
too.

As are ‘drippy’ tunnels, 
mines and underground 
spaces.
Should we have a national 
cave critical zone 
observatory?




