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NIWA

National Institute of Water & Atmospheric Research Ltd.

B - Drivers: hydrology & water balance

e ET and drainage- least measured among
water cycle components

e [nitiatives & funding (2010-11)
 Waterscape MSI & Capex

e Local regional council’s interest in drainage &
groundwater recharge
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NIWA's Eddy Covariance towers

Methven tower

Wakanui tower
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Canterbury Bight

Lysimeter sites

West Eyreton
Rain ~550 mm/y
shallow stony
soils, dairy

Methven
Rain ~900 mm/y
shallow stony
soils, dairy

Dorie
Rain ~550 mm/y
deep silt loam
dairy

Wakanui
Rain ~ 550 mmly,
deep silt loam

cropping




Drainage Lysimeters

Rainfall
Irrigation

Soil surface

Soil moisture
sensor

750 mm
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Science opportunities

e Unique opportunity to compare evapotranspiration
estimates from

- Lysimeter-based water balance

— Calculation from meteorological variables
(Penman-Monteith, Penman and Priestley-Taylor
methods)

— Direct measurement from eddy covariance tower
e Measurement of groundwater recharge
e Check onirrigation efficiency
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Results from 2011-12
for Methven
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Soil moisture (%)
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ET over the entire irrigation season
(Sep 1, 2011 — Apr 30, 2012)
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Water balance approach

Rainfall

Irrigation ET

ET = Rainfall + lrrigation
- Change In storage
- Drainage

Change in
storage
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){ ET from water balance approach
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Priestley-Taylor

Based on energy balance

Multiplicative scalar of 1.26, corrects for effect of wind
and vapour pressure deficit

Assumes aerodynamic ET increases linearly with
radiation

Won'’t pick up night-time ET due to high wind.
Good when radiation is dominant driver of ET

Underestimates when wind speed is a significant
driver

Underestimates particularly in winter
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Penman

Combined energy balance and turbulent
transfer of heat/moisture

Considers wind speed and vapour pressure
deficit
Assumes air at leaf surface is saturated

Assumes resistance to heat and moisture
transfers are equal

Thought to overestimate ET when ET is high
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Penman-Monteith

e Adaptation of Penman method

e Defines a surface resistance for water
movement between inside plant and air

(depends on stomatal resistance and ‘active’
leaf area index)

e Defines an aerodynamic resistance for
moisture movement away from plant which
depends on roughness of surface
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Mean Summer Daily Evapotranspiration in mm/day
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Mean Winter Daily Evapotranspiration in mm/day
Penman-Monteith
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Daily Penman-Monteith evapotranspiration
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Daily Penman-Monteith evapotranspiration
calculated as a sum of 30-minute ET values,
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Penman daily ET vs Penman summed 30min ET

Methven 3 Springs
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calculated as a sum of 30-minute ET values,
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Daily Penman-Monteith evapotranspiration,

using 9 am vp,

mm/day

Is 9 am water vapour pressure a good proxy for the average daily water vapour pressure?
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9 am water vapour pressure in kPa

Methven 3 Springs Water vapour pressure

2.5

N
I

-
98]

—

o
(8

Vpgam = vp

?=0.9176

- 0.046 .
e

av

| | |
0.6 0.8 1 1.2 1.4 1.6 1.8
water vapour pressure in kPa, average of 30 minute values over a day



Penman-Monteith 30-min ET
calculated with empirical Rnet and Ground flux

mm/30 min
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Methven Lysimeter Soil moisture volumetric content
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Wakanui Soil moisture volumetric content
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Methven 30 minute Evapotranspiration in mm/ 30 minutes
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Evapoctranspiration in mm/30 min
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Methven 30 minute evapotranspiration
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Eddy Covariance Evapotranspiration in mm/30 min
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Methven 3 Springs Daily Evapotranspiration
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Daily Evapotranspiration in mm/day

Methven 3 Springs Daily Evapotranspiration
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Eddy Covariance daily evapotranspiration in mm/day
(%)

Eddy covariance daily ET vs Penman-Monteith daily ET
Methven 3 Springs
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Methven 3 Springs
=7
] I I I I
E *
-
€6 9 .
£ : .
C r g b . ***
E 5 ** * B
= * 95@* L
s coaw
% : # ae*** * % *
C * * : _
g 4 .
% s é%sﬁ%* o ’
> St —
% 5 oA 3 3t A % ETEC 0.72 ETPEN 0.27
?K‘r«‘_ ;éé * |

3 i3 R“=0.8720
C %
o 1 N
& ' « Data
g — linear

O, % - _ i
> . ETEC ETF,EN 0.27
e
W oa | | | | | | |

0 3 4 5 6 7 8 9

Eddy covariance daily ET vs Penman daily ET

Penman daily evapotranspiration in mm/day

10



I |
Evapotranspiration mm/30 min

0.13

0.1
0.05
0 .
23-051212AM 24051212 AM  25-05-1212 AM  26-05-1212AM  27-05-1212AM  28-05-1212 AM  29-05-1212AM  30-05-1212 AM  31-05-12 12 AM

15 i
10

[ |
Windspeed in m/s

5_

I | |
23-05-92 12AM  24-05-1212AM  25-05-1212 AM 26-05-1212 AM 27-05-1212AM  28-05-1212 AM 29-05-1212AM  30-05-1212 AM  31-05-1212 AM

15 | | T
Vapour pressure deficitinkPa A

ol N ol \

|
23-05-92 12AM  24-051212AM  25-05-1212 AM 26-05-1212 AM  27-05-1212AM  28-05-1212 AM  29-05-1212AM  30-05-1212AM  31-05-12 12 AM

1
0.5

I I | |
Net Radiation -Ground heat flux MJ m? per (30 min)

04
02

I I
23-051212AM  24-051212AM  25-05-1212 AM  26-05-1212AM  27-05-1212 AM  28-05-1212 AM  28-05-1212AM  20-05-1212 AM  31-05-12 12 AM




b4 | | | | ! !
Evapotranspiration mm/30 min

0.2

26-01-1212 AM  27-011212AM  28-01-1212AM  29-011212AM  30-1-1212AM  31-11212AM 01021212 AM  02-0241212AM  03-0241212AM  04-02-1212 AM

4 | | | | |
Windspeed in m/s

10— —

l l |
0
26-011212 AM  27-011212AM  28-01-1212AM  29-011212AM  30-1-1212AM  31-11212AM 010211212 AM  02-021212AM  03-0241212 AM  04-02-1212 AM

4
I I I ! !
Vapour pressure deficit in kPa

2 —

™™ N riii . PR

0
26-011212 AM  27-011212AM  28-011212AM  29-011212AM  30-011212AM  31-014212AM  01-02-1212AM 02021212 AM  03-021212AM  04-02-1212 AM

2
I I I I [ [
Net Radiation -Ground heat flux MJ m> per (30 min)

0
26-011212 AM  27-011212AM  28-011212AM  29-011212AM  30-11212AM  3M1-011212AM 010211212 AM  02-0211212AM  03-0241212AM  04-02-1212 AM




Evapotranspiration in mm/30 min
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Daily evapotranspiration, in mm/day

Methven Daily Evapotranspiration

T

T
— ]

w

N

—

o

— Plenman-Monte‘ith |
-Priestley-Taylor
—Eddy Covariance

| |
20-May-12  27-May-12

|
03-Jun-12

|
10-Jun-12
Date

|
17-Jun-12

| |
24-Jun-12 01-Jul-12



Methven 3 Springs Weekly Evapotranspiration
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Weekly Evapotranspiration in mm/week
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Methven 3 Springs Weekly Evapotranspiration
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Summary

ET over the entire irrigation season
(Sep 1, 2011 — Apr 30, 2012)

Eddy Covariance tower m
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