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CHAPTER ELEVEN

11. FIELD APPLICATION: 3D SOIL MOISTURE
PROFILE ESTIMATION

The one-dimensional studies in Chapters 6 and 10 lave highlighted some
important issues that require careful consideration for estimating the soil moisture
profile from near-surface soil moisture observations. However, estimation d the
spatial distribution d soil moisture profiles will no doulh have its own speaal set
of requirements, over and abowve those from the one-dimensional studies, to ensure
satisfadory estimates of the soil moisture profile using the soil moisture profile
estimation algorithm. Hence, this chapter evaluates the aility to estimate both the
spatial distribution and temporal variation o soil moisture profiles throughou a
cachment, by applying the Modified Kaman-filter developed in Chapter 8 and
the ABDOMEN3D soil moisture profile forecasting model developed in
Chapter 7, to the Nerrigundah experimental cachment during the intensive field
campaign (Chapter 9). This is a more realistic goplicaion d the soil moisture
profile estimation algorithm than Chapter 10, as the dfeds from lateral
redistribution d soil moisture on the soil moisture profile estimation are

acourted for.

11.1 CALIBRATION OF ABDOMENSD

Soil moisture profil es were monitored in the Nerrigundah catchment using
the connedor TDR soil moisture sensors from August 22 1997 util October 20
1998, with the intensive soil moisture mapping campaign keing from August 27
1997 unil September 22 1997(see sedion 9.3.2. These 13 pant measurements
of the soil moisture profile, distributed throughou the 6 ha catchment (see
Figure 9.4), have provided the necessary data for calibration and evauation d the
soil moisture forecating model ABDOMENSD. As the soil moisture model was
to be gplied to data wllected duing the intensive field campaign, cdibration o
the model was performed for the period from October 14 1997 ufil July 22 1998
(see Figure B.2, Figure B.3 and Figure B.10). This meant that the forecasting



Chapter 11 —Field Application: 3D Sal Moisture Profile Estimation Page 11-2

model was cdibrated to a data set that was independent of the data used for
applicaion d the mode.

1111 OBSERVED MODEL PARAMETERS

In cdibrating the ABDOMEN3D model, bah residual soil moisture
content and soil porosity could be inferred from measurements of the soil
moisture profile. In addition, soil porosity could be estimated from the soil cores
taken throughou the catchment (see Table B.5). Other model parameters, such as
total soil depth (seeFigure 9.44), saturated hyd-aulic conductivity (seeTable B.7)
and depresson storage (see Table D.1), could be inferred from field
measurements. Hence, the only model parameters requiring calibration were the
maximum gradient parameter MGRAD and the van Genuchten soil parameter n
(when using the van Genuchten hydraulic condctivity relationship). The model

asumed isotropic soil properties within each grid element.

Soil layers were defined, consistent with observed soil horizon
thicknesses, as determined from the propation d total soil depth (Figure 9.46).
The soil layer representing the A1 haizon was divided into two model layers,
consisting d a 1 cm near-surface layer and the remainder, making a total of five
model layers. However, the two modd layers making upthe A1 haizon were
considered to have the same soil properties, while dl other layers and gid cdls
were dlowed to have different soil properties. The soil horizon depths and the
conredor TDR soil moisture measurements used to estimate the soil moisture
content over that depth are given in Table 11.1, for the 13 locations where soil

moisture profiles were monitored (seeFigure 11.1).

To reduce the number of soil parameters used by the ABDOMENS3D
model, the Nerrigundah catchment was divided into a number of “uniform” soil
type aeas. These soil type aeas allowed different soil properties for the different
model layers, bu enforced the same soil layer properties for al grid cdls within
the uniform soil type aea. Delineation d the catchment into uniform soil type
areas was based onthe estimates of soil porosity, residua soil moisture content
and saturated hydraulic conductivity within the four soil horizons. The residual

soil moisture content was estimated from ead of the 13 soil moisture profil es,
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Table 11.1: Soil horizon depths (mm) at soil moisture profile monitoring sites; conrnedor TDR
probe length measurements used for estimation o soil moisture mntent over that depth are given
in parenthesis (mm).

Moisture Soil Horizons
Profile Al Al -A2 Al-B1 Al-B2

1 45 113 225 450
(50 (av. 100 & 150) (200 (400

2 45 113 225 450
(50 (av. 100 & 150) (200 (400

3 32 80 160 320
(50 (200 (150 (300

4 45 113 225 450
(50 (av. 100 & 150) (200 (400

5 35 87 175 350
(50 (200 (av. 150 & 200) (300

6 32 80 160 320
(50 (100 (150 (300

7 52 130 260 520
(50 (av. 100 & 150) (av. 200 & 300) (500

8 130 325 650 1300
(av. 100 & 150) (300 (av. 500 & 800) (1000)

9 85 213 425 850
(av. 50 & 100) (200 (400 (800

10 40 100 200 400
(50 (100 (200 (400

11 52 130 260 520
(50 (av. 100 & 150) (av. 200 $ 300) (500

12 32 80 160 320
(50 (100 (150 (300

13 34 85 170 340
(50) (100 (150 (300

while soil porosity was estimated from the 13 soil moisture profil es in addition to

the 19 soil corelocaions.

The residual soil moisture @ntent and soil porosity were the two most

important soil parameters for modelling d the soil moisture profil e, as they set the

bound on the dynamic range for soil moisture @ntent. Thus a residua soil

moisture mntent which is st too high will restrict the model from ever reaching a

soil moisture ntent below that value, and likewise asoil porosity which is st

too low will restrict the model from ever reading a soil moisture @ntent above
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Figure 11.1: Plan of the Nerrigundsh cachment showing the 7 uniform soil type aess, 13 solil
moisture profile monitoring sites, and the model grid cdls used for comparison with soil moisture
profil e observations.

that value, even with data assmil ation. Hence, a mnservative gproach was to set

the lowest possble residual soil moisture @ntent and hghest possble soil

porosity.

Saturated hydaulic conductivity was estimated for the A1 horizon from
doube ring infiltrometer measurements at the 19 soil core locations (Figure 9.43),
while saturated hydraulic conductivity for deeper depths was estimated from
Guelph permeameter measurements made a the selected soil core locaions.
Using this data for each soil horizon, the cachment was divided into the uniform
soil type aeas dhown in Figure 11.1, and the residual soil moisture content, soil
porosity and saturated hydraulic conductivity estimates averaged for eadch soil
horizon d the uniform soil type area (see Table 11.3). A spatially uniform value
of 5 mm was taken as being representative of the depresson storage arossthe
Nerrigundgh cachment, and a Manning's n value of 0.2 was used as being
representative for pasture (Streder and Wylie, 1983. The cdibration period was
initiated with soil moisture values interpolated from the soil moisture profile

measurements made on October 14 1997.
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11.1.2 CALIBRATED MODEL PARAMETERS

The most rigorous cdibration procedure is a Monte-Carlo based approach,
which involves multiple runs of the forecasting model for the entire simulation
period with different model parameter values. Using this procedure, the optimum
parameter set is chosen based onan oljedive function that compares the forecast
state values with the observed state values. However, simulation d the soil
moisture profile distribution with the threedimensiona model ABDOMEN3D
was computationall y too intensive for such a calibration approadh, which requires
severa thousand runs with the forecating model to determine the optimum

parameter set.

One dternative is to manually “tune” the model parameters to oltain a
reasonable cmmparison between simulated and olserved states, bu this is labour
intensive and daes not aways provide asatisfadory cdibration. As cdibration
using the Monte-Carlo based approach was desired, cdibration d the three-
dimensional model was undertaken using a series of one-dimensional cdi brations.
In this way, each soil moisture monitoring site was considered as being a one-
dimensional soil profile, and the unknowvn soil parameters cdibrated from the
one-dimensional soil moisture model ABDOMENI1D. This calibration was
undertaken by matching simulated soil moisture @ntent with the connector TDR
depth integrated soil moisture measurements using the Bayesian nan-linea

regresson program NLFIT.

The assumption made was that the dfeds from lateral redistribution were
negligible in resped to verticd redistribution. Apart from soil moisture profiles
located in the main drainage lines and stegoer sedions of the cdachment, this
asumption was foundto be valid. As il moisture measurements with the 5 cm
conredor TDR probes had a wide range of variation when compared with
thermogravimetric measurements (see Figure 9.17), calibration was only
performed for soil moisture measurements of horizons A1 and A2, Al to B1 and
Al to B2 (ie. model layers 1 to 3, 1to 4 and 1to 5). The calibrated model
parameter values for MGRAD and n are given in Table 11.2, dong with the
averaged soil parameters from field measurements. The averaged soil parameters
assgned to ead of the uniform soil type aress are givenin Table 11.3.
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Table 11.2: Calibrated soil parameters for the 13 monitored soil moisture profil es.

Moisture Soil ® 6 K, MGRAD n
Profile Horizon (% VIv) (% vIv) (mm h™) (mm)
1 Al 60 6 35 500 25
A2 45 8 10 490 2.2
Bl 42 12 3 28 21
B2 40 15 1 26 1.6
2 Al 60 6 35 480 25
A2 45 8 10 317 17
Bl 42 12 3 257 18
B2 40 15 1 73 24
3 Al 60 4 25 227 24
A2 54 4 20 68 12
Bl 38 4 15 86 17
B2 36 6 5 10 2.2
4 Al 50 5 80 348 21
A2 46 7 20 124 11
Bl 32 8 5 19 1.7
B2 32 10 0.5 383 24
5 Al 50 5 80 330 21
A2 46 7 20 14 12
Bl 32 8 5 5 21
B2 32 10 0.5 314 17
6 Al 60 4 25 405 2.2
A2 54 4 20 48 24
Bl 38 4 15 1 25
B2 36 6 5 258 21
7 Al 60 6 35 500 25
A2 46 8 15 1 12
Bl 44 9 2 276 15
B2 34 16 0.1 279 21
8 Al 60 10 15 500 25
A2 37 13 3 104 12
Bl 34 16 1 2 14
B2 32 20 0.5 88 25
9 Al 60 6 35 500 25
A2 46 8 15 1 1.7
Bl 44 9 2 376 11
B2 34 16 0.1 360 1.8
10 Al 60 6 35 498 25
A2 46 8 15 2 19
Bl 44 9 2 377 1.2
B2 34 16 0.1 327 2.2
11 Al 60 5 20 438 25
A2 50 6 3 491 21
Bl 38 10 0.5 496 12
B2 38 18 0.3 345 11
12 Al 60 5 20 202 24
A2 50 6 3 3 12
Bl 38 10 0.5 24 15
B2 38 18 0.3 370 25
13 Al 50 9 30 497 24
A2 47 9 5 9 25
Bl 42 9 3 119 12
B2 31 11 1 34 2.0
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Table 11.3: Soil properties used for the 7 uniform soil type arees.

Soil Soil 0 ) K MGRAD n
Type Horizon (% VIv) (% vIv) (mm h™) (mm)
1 Al 50 5 80 340 21
A2 46 7 20 70 1.2
Bl 32 8 5 15 18
B2 32 10 0.5 350 20
2 Al 60 6 35 490 25
A2 45 8 10 400 19
Bl 42 12 3 145 2.0
B2 40 15 1 50 1.9
3 Al 60 4 25 315 2.3
A2 54 4 20 58 16
Bl 38 4 15 40 2.0
B2 36 6 5 130 21
4 Al 50 9 30 497 24
A2 47 9 5 9 25
Bl 42 9 3 119 1.2
B2 31 11 1 34 2.0
5 Al 50 60 5 320 24
A2 46 50 6 245 15
Bl 32 38 10 260 13
B2 32 38 18 360 15
6 Al 60 10 15 500 25
A2 37 13 3 104 12
Bl 34 16 1 2 14
B2 32 20 0.5 88 25
7 Al 60 6 35 500 25
A2 46 8 15 1 1.7
Bl 44 9 2 375 13
B2 34 16 0.1 320 20

In contrast to the calibration results from one-dimensiona modelling in
Chapter 10, the calibration results for the MGRAD parameter in Table 11.2 have
shown a genera decrease with soil depth, rather than an increase with depth. In
Chapter 10, it was noted that under most situations the MGRAD parameter shoud
intuitively increase with depth, as a result of increased clay content in lower soil
layers. This is because the MGRAD parameter accourts for the maximum matric

suction d the soil.

It was aso shown in Chapter 10 that the ABDOMEN1D model failed to
yield good comparisons of total soil moisture storage during the summer of
199798, as a result of there being no root water uptake term in the model
(see section 10.2. Since the forecasting model ABDOMEN3D was adually

cdibrated to the soil moisture measurements made during the summer of 199798
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in this instance, the cdibration d the MGRAD parameter resulted in a decreased
value with depth, to accourt for the negled of a roat water uptake term in the
model. By taking ona larger MGRAD value for near-surface layers than degoer
layers, a greaer moisture suction was impaosed in the nea-surfacelayers than for
deeper layers. The effect of this was a greaer flux o soil moisture to the soil
surface in order to supgdy the demand d evaporation, which was taken from the
soil surface In this way, the model parameter MGRAD was given a non-physical

value to accourt for the model structural error.

In the following sedions, figures presented in the body d this thesis only
show the results from modelling d soil moisture @ntent at soil moisture profile
number 7. However, for the interested reader, graphical modelling results for
other soil moisture profiles are given in Appendix F. Soil moisture profile
number 7 was chosen for ill ustration, as it was typical of the results from the other
profil es, with it having amid range soil depth (520mm) and keing located at mid-
slope (seeFigure 11.1).

Figure 11.2 shows a comparison d cdibration results with conredor TDR
observations at soil moisture profile number 7. Simulation results from the one-
dimensionad model ABDOMENI1D, using the cdibrated parameters from
Table 11.2, are compared with results from ABDOMEN1D using the areraged
soil parameters in Table 11.3, and results from the three-dimensional model
ABDOMENSD using the uniform soil type parameters in Table 11.3. These
results show only a slight diff erence between the threesimulations (approximately
5% vlv), and a very good agreement with the @nrector TDR soil moisture
observations, particularly for degoer depth comparisons. The poarer agreement for
the A1 haizonis aresult of the noisy conrector TDR measurements for the 5 cm
probe lengths (see Figure 9.17).

The good comparisons between one-dimensional simulations when using
baoth the cdibrated and averaged soil parametersin ABDOMENI1D, indicated that
averaging d the soil moisture profile monitoring site cdibrations within a

uniform soil type aeg had a minimal impad on the cdibration d the one-
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Figure 11.2: Calibration results from soil moisture profile number 7, situated in uriform soil type
number 7. Connedor TDR ohservations (open circles) are compared against one-dimensional
simulation results with cdibrated parameters (solid line) and averaged parameters (short dashed
ling), and threedimensional simulation results with averaged parameters (long dashed ling). The
diff erence between the solid line and the short dashed line is the dfed of averaging cdibrated soil
parameters for the uniform soil type, while the diff erence between short dashed and long dashed
linesisthe dfea of lateral redistribution.
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dimensional model. Moreover, the goodcomparison between the one-dimensional
model simulations using averaged soil parameters and the three-dimensional
simulations using the uniform soil type parameters, indicated that negleding the
lateral redistribution d soil moisture in the model cdibration hed a minimal
impad on the cdibration results, with the exception d soil moisture profiles
located in the main drainage lines and stegper sedions of the cdchment. The
implicaion d this was that verticd redistribution was more important than lateral
redistribution in the Nerrigundgh cachment. However, if a non-isotropic
hyadraulic conductivity was used in the three-dimensional model, the mnclusions
may have been dfferent.

11.2 EVALUATION OF ABDOMEN3D CALIBRATION

Using the cdibrated model parameters for the uniform soil type areas in
Table 11.3, the three-dimensiona soil moisture model ABDOMEN3D was
evaluated for the period from August 22 1997to September 22 1997.This is the
1 month period for the intensive field campaign, keing the period for which soil
moisture profiles are estimated with the soil moisture profile estimation algorithm.
This is a true evaluation d the model cdibration, as this data was not used for
cdibration d the model. Initidisation d the model was performed using an
interpolated field of soil moisture @ntent from the 13 soil moisture profile

measurements made on August 22 1997.

The results from modelling d the soil moisture profile & soil moisture
profile number 7 are given in Figure 11.3, where agood agreement can be seen
between the model simulation and connedor TDR observations of soil moisture
content. The poaer agreement with the A1 haizon is again a reflection o the
noisy measurements with 5 cm connedor TDR probe lengths. Whilst there was
only a limited range of soil moisture @ntents during this relatively short
modelling period, the evaluation has confirmed that the cdibration o
ABDOMENS3D was adequate for forecasting the soil moisture profil es, and hence
estimation d the spatial distribution and temporal variation d soil moisture

profil es using the soil moisture profile estimation algorithm.
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Figure 11.3: Evaluation of soil moisture profile simulation at soil moisture profile number 7.
Conredor TDR observations (open circles) are compared against threedimensional simulation
results with cdibrated parameters (solid line).
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Table 11.4: Comparison d rms errors (%v/v) of soil horizons at soil moisture profile monitoring
sites during model evaluation.

Moisture Soil Horizons
Profile Al Al-A2 Al-B1l Al-B2

1 6.8 3.1 2.0 4.0
2 133 6.7 2.4 15
3 7.3 34 4.4 47
4 2.8 4.4 1.9 11
5 6.4 24 2.3 35
6 8.2 55 4.8 4.8
7 7.8 34 25 4.1
8 45 6.1 2.9 3.2
9 3.8 2.2 1.6 4.8
10 10.3 6.1 6.1 5.7
11 11.7 7.4 3.7 3.7
12 20.2 134 11.0 6.2
13 8.3 35 4.7 5.9

All Profiles 9.6 59 4.6 4.3

A comparison d the rms errors for the evaluation & ABDOMEN3D
against the observed soil moisture profiles is given in Table 11.4. These results
have indicated that there is a good agreament between the model simulation o
total soil moisture profile storage and the field olbservations, with a rms error
generdly lessthan abou 5% v/v. The rms errors for total soil moisture profile
storage had a range from 1.1% v/v to 6.26 v/v. Simulation d soil moisture
content in the A1 haizon had the highest rms error, as a result of the noisy
observations using 5 cm conrector TDR probes. Profile 12 hed the largest rms
error aaoss al depths. This is a result of the monitoring site being locaed in a
depresson line, which duwe to the grid resolution wsed by the model, is not

identified as beingin adepressonline (see Figure 9.7a and Figure 11.1).

11.3 SOIL MOISTURE PROFILE ESTIMATION

The aility to estimate the spatial distribution and temporal variation o
soil moisture profiles from near-surface soil moisture observations under field
condtions using ABDOMEN3D and the Modified Kaman-filter assmilation
scheme within the frame work of the soil moisture profile estimation algorithm,
was evaluated from August 22 1997to September 22 1997.Thisis the period that
encompasss the intensive field campaign (see sedion 9.3.2, commencing on
August 27 1997and continuing urtil September 22 1997.Soil moisture profile

observations were made at soil moisture profile monitoring sites on August 22,
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but observations of near-surface soil moisture using the TDAS were not made
until August 27 (see sedion 9.3.2.9. Hence updating d the forecasting model
ABDOMENS3D could na commence until August 27. Furthermore, nea-surface
soil moisture observations on September 19 were not used for updating d the
model, due to the rainfall that fell during the observing period (see Figure 9.28).
However, the soil moisture profil e observations made on this day were still used

for comparison with the estimated soil moisture profil es.

11.3.1 INITIALISATION USING OBSERVED PROFILES

An interpoation d the soil moisture profile measurements made on
August 22 was used for initialisation d the forecasting model ABDOMENS3D.
This is the same initi alisation that was used for the evaluation d the forecasting
model cdibrationin the previous sction.

11.3.1.1 Updating With Original TDAS Observations

Uponinitiaisation d the forecasting model with the soil moisture profile
observations, the soil moisture profiles were forecast, and the forecasting model
upceted. The nea-surface soil moisture observations used were the 15 cm
conredor TDR measurements made with the TDAS (seesedion 9.3.2.) ona 20
m x 20 m grid. The 15 cm conrector TDR observations of near-surface soil
moisture content have been applied as observations of the top 15cm of the soil
profile, as Chapter 10 hes ill ustrated the importance of applying rea-surface soil
moisture observations to the depth for which they relate. However, results from
updeting with an observation depth of 15 cm can be considered indicative of the
results that would be obtained from observations over a much shall ower depth, as
Chapter 6 has ill ustrated that soil moisture profile estimation with the Kalman-
filter was insensiti ve to the near-surface soil moisture observation depth. Updating
of the forecasting model was performed for each set of TDAS nea-surface soll
moisture observations (excluding September 19). In upditing the forecast model,
a system state standard deviation d 5% v/v and an olservation error of 2% v/v of

the nea-surfacesoil moisture observation were used.

Idedly, updhting d the forecasting model ABDOMEN3D with rea-

surface soil moisture observations fiodd improve the overall estimation d the
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Table 11.5: Comparison d rms errors (%v/v) of soil horizons at soil moisture profile monitoring
sites during estimation d the soil moisture profile using the observed initial soil moisture profile
and aigina TDAS nea-surfacesoil moisture observations.

Moisture Soil Horizons
Profile Al Al-A2 Al-B1 Al-B2

1 8.8 7.3 6.2 6.9
2 195 12.7 8.0 6.2
3 8.0 47 6.1 7.2
4 7.1 10.3 5.8 35
5 9.7 6.8 6.5 6.6
6 4.6 8.1 7.1 7.8
7 9.8 5.8 5.9 6.7
8 8.5 9.9 7.3 7.2
9 12.9 125 114 131
10 14.8 9.9 43 6.6
11 6.7 5.1 8.2 7.1
12 6.1 3.6 3.6 25
13 13.9 6.0 6.6 8.0

All Profiles 10.8 84 6.9 7.3

spatial distribution and tempora variation in the soil moisture profile. However,
the simulation results given in Figure 11.4 for soil moisture profile number 7 have
shown that the soil moisture profile estimation wsing the Modified Kalman-filter
was poa in comparison with the open loop simulation (no updting d the
forecasting equation). From an olservation d the rms errorsin Table 11.5, it may
be seen that with the exception d soil moisture profile number 12 and the near-
surface layers of afew soil moisture profile locdions, al rms errors were slightly
greder than rms errors for the open loop simulation (see Table 11.4). Soil
moisture profile number 12 is the profile locaed in the depresson line that was
not identified for the grid resolution wsed by the model. Hence the improvement
sea in the estimation d this il moisture profile was a result of the poa open
loopsimulation. This poa performance of updating when compared with the open
loop smulations, was a result of the good model cdibration and an acwrate

knowledge of theinitia soil moisture profiles for both smulations.

The simulation results for the upper 130 mm soil |ayer of soil moisture
profile number 7 (Figure 11.4) gave the best representation d the forecast soil
moisture, for comparison with the ad¢ua observation degpth used for assmilation
of the near-surface soil moisture observations. However, it can be seen in a
number of instances that the updated soil moisture @ntent in this figure did na
compare dosely with the conrector TDR observations of soil moisture content

shown. The reason for this was found to be that 15 cm connedor TDR
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Figure 11.4: Evaluation of soil moisture profile estimation at soil moisture profile number 7.
Conrecor TDR observations (open circles) are mmpared against the etimated soil moisture
profile (solid line) and open loop simulation results (dashed line), for simulations initi ated with the

observed soil moisture content.
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Figure 11.5: Comparison o TDAS (solid symbols) and profile monitoring (open circles) 15 cm
connedor TDR soil moisture measurements for soil moisture profile number 7.

measurements made & the soil moisture profil e monitoring site did na correspond
with the @nredor TDR measurements made with the TDAS for the
correspondng gid cdl(s) shown in Figure 11.1. This was nat surprising, gven
that TDAS nea-surface measurements and soil moisture monitoring site
measurements were not made & predsely the same locaion, having a separation

of approximately 5 m for profile number 7.

A comparison d TDAS and profile monitoring 15¢cm connedor TDR soil
moisture measurements is made in Figure 11.5. When comparing the data in
Figure 11.5 to the updkte results in Figure 11.4, it may be seen that the updates on
August 27, September 1, September 3 and September 15 were due to the
differences in soil moisture observations made by the TDAS and at the profile
monitoring site. However, the poa updates on September 6, September 13,
September 17 and September 22 were not explained by Figure 115. These
updates were obviously a result of lateral correlations in the forecast system state
covariance matrix and nase in the surroundng nea-surface observations,
resulting in a difference between olserved and forecast soil moisture cntents at
the surroundng gid cdls. With a difference in observed and forecast soil
moisture mntents, and lateral correlations, this allows updating d the surroundng
profil es with the Kalman-filter.

Figure 115 is indicaive of the sub-grid variability and hence noise in
nea-surface soil moisture observations. Similar plots are given in Appendix F for
the other soil moisture profile monitoring locaions. These plots have shown that

on average there was between 5 and 1®% v/v difference in 15 cm depth soil



Chapter 11 —Field Application: 3D Sal Moisture Profile Estimation Page 11-17

moisture observations for the TDAS and pofile monitoring locaions, with
differences being as great as 15% v/v. Thisis abou two to three times greder than
the sub-grid variability indicated by Figure 9.30a, which may be aresult of the
small areaover which the sub-grid variability was previously estimated. These
results highlight the difficulty of taking pant measurements of soil moisture
content as being an estimate of the spatially averaged soil moisture ntent that

would be measured using remote sensing.

11.3.1.2 Updating With Modified TDAS Observations

To make the cmparisons of soil moisture profile estimation with soil
moisture profile observations more mparable, the @owe simulation was
repeated for a modified set of nea-surface soil moisture observations. In this
simulation, the TDAS nea-surface soil moisture observations of grid cdls used
for comparison with soil moisture profile observations (see Figure 11.1) were
replaced with the 15 cm connedor TDR measurements made & the profile
monitoring locations. The results from this smulation at soil moisture profile
number 7 are given in Figure 11.6, where there was an obvious improvement in
estimation d the soil moisture profil e for the upper 130 mm layer when compared
to the simulation results in Figure 11.4. However, updites on September 3,
September 17 and September 22 were still poar. This is likely to be aresult of
lateral correlations imposing an updite & a result of model predictions for
adjacent grid elements having a poor comparison with nea-surface soil moisture
observations.

Updates for these dates may be improved by wsing a non-constant system
state variance and a spatidly unform observation error. With the airrent
asgmil ation scheme, the state forecast error was always greder than olservation
error, which was not necessarily the cae. Also, olservation error was a function
of the soil moisture observation, with wetter observations having a higher
variance than drier observations. The meaning of thisisthat all model estimates of
soil moisture ontent were asumed to have the same error, and rear-surface soil
moisture observation were asumed to be more acairate when the soil was drier.
Hence an improved assmilation scheme may be to use asystem state variance
that isafunction d the separation between model predictions and olservations of
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Figure 11.6: Evaluation of soil moisture profile estimation at soil moisture profile number 7.
Conrecor TDR observations (open circles) are mmpared against the etimated soil moisture
profile (solid line) with modified TDAS nea-surface soil moisture observations and open loop
simulation results (dashed line) for simulations initiated with the observed soil moisture ntent.
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Table 11.6: Comparison d rms errors (%v/v) of soil horizons at soil moisture profile monitoring
sites during estimation o the soil moisture profile using the observed initial soil moisture profile
and modified TDAS nea-surfacesoil moisture observations.

Moisture Soil Horizons
Profile Al Al1-A2 Al-B1 Al-B2

1 10.0 7.4 6.9 6.9
2 175 111 6.8 5.7
3 7.4 41 5.7 6.8
4 8.1 11.0 6.6 34
5 6.4 9.3 5.8 5.7
6 6.8 8.5 7.8 9.1
7 9.2 7.0 6.2 6.4
8 53 6.7 5.2 6.6
9 7.3 7.7 7.3 8.9
10 10.7 8.8 6.5 5.9
11 4.0 4.4 8.5 3.6
12 7.6 54 4.1 33
13 11.2 51 45 5.7

All Profiles 9.1 7.7 6.4 6.3

the nea-surface soil moisture content, and an olservation error that is gatialy
uniform. Such a scheme may all eviate the adverse effeds of lateral correlations on
model updates when nea-surface soil moisture observations and model

predictions are dready close.

Table 11.6 presents the rms error of soil moisture profile estimation for all
soil moisture profiles monitored, for updating with the modified TDAS near-
surface soil moisture observations. When compared with Table 11.5, these results
show a general improvement in rms errors for al soil moisture profil es monitored,
with an oweral decrease in rms for al soil moisture profiles of approximately
1% v/v. This highlights the need for adequate spatial resolution in the nea-surface

soil moisture observationsin order to estimate the soil moisture profile accurately.

When comparing rms errors from the profil e soil moisture estimation with
modified nea-surface soil moisture observations (Table 11.6) against rms errors
from the open loop simulation (Table 11.4), it may be seen that results from soil
moisture profile estimation for soil moisture profiles 1 to 10were only marginally
worse than the open loop simulation, while profiles 11 to 13 were adualy
improved. This would suggest that the soil moisture profile estimation algorithm
may dlightly degrade soil moisture profile estimates when soil moisture profile
forecasts are dready good,as a result of noise in the nea-surface soil moisture
observations. However, when soil moisture profil e forecasts are poor, there shoud

be an improvement in the soil moisture profile estimation.
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Table 11.7: Comparison d rms errors (%v/v) of soil horizons at soil moisture profile monitoring
sites for the open loop simulation with a poor initial guessof soil moisture.

Moisture Soil Horizons
Profile Al Al-A2 Al-B1l Al-B2
1 24.6 18.0 14.4 151
2 5.3 5.6 8.2 8.8
3 151 8.2 10.9 11.3
4 8.6 5.4 3.7 5.0
5 14.9 8.0 8.8 8.7
6 114 55 6.3 4.7
7 245 16.3 15.6 14.6
8 29.0 24.9 19.3 16.8
9 284 26.2 22.8 19.8
10 216 15.7 15.7 139
11 217 16.9 9.9 16.8
12 25.6 189 186 13.7
13 22.6 14.9 16.9 147
All Profiles 20.8 15.8 14.2 134

11.3.2 INITIALISATION USING A POOR GUESS

The foregoing results have shown how the soil moisture profile estimation
algorithm performed when the forecasting model was initialised with a predse
estimate of the initial soil moisture profile. Such an accurate estimate of the initial
condtions is mewhat unredistic. Hence, a simulation hes been performed for a
poar initial guess of the initial soil moisture, but still using the modified nea-
surface soil moisture observations. The poor initial guessused was 12% v/v, 15%
viv, 18% viv and 200 v/v for the A1, A2, B1 and B2 soil horizons respedively,
uniform aaoss the cdachment. The results from this smulation are given in
Figure 11.7 for soil moisture profile number 7, where aa obvious improvement
can be see in the estimated soil moisture profile wmpared to the open loop
simulation. This highlights the obvious benefit that may be obtained from
asgmil ating rea-surface soil moisture observations into the forecasting mode.

The rms errors for simulated soil moisture with the poa initial guessare
given in Table 11.7 for the open loop simulation and Table 11.8 for the soil
moisture profile estimation. The rms errors $ow definitively a significant
improvement in modelli ng soil moisture profiles when near-surface soil moisture

observations are asmilated into the forecating model, with rms errors of soil
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Figure 11.7: Evaluation of soil moisture profile estimation at soil moisture profile number 7.
Conredor TDR observations (open circles) are ompared against the estimated soil moisture
profile (solid line) from updating with modified TDAS nea-surface soil moisture observations and
open loop simulation results (dashed line), for simulations initi ated with a poor initial guessof soil
moisture ntent.
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Table 11.8: Comparison d rms errors (%v/v) of soil horizons at soil moisture profile monitoring
sites during soil moisture profile estimation wsing a poor initial guessof the soil moisture profile
and the modified TDAS near-surfacesoil moisture observations.

Moisture Soil Horizons
Profile Al Al-A2 Al-B1 Al-B2

1 10.2 8.4 7.3 5.6
2 17.2 109 6.8 5.7
3 6.9 6.4 47 5.4
4 9.4 11.6 7.9 54
5 51 8.2 47 5.7
6 5.7 5.6 51 4.8
7 10.3 5.8 5.8 5.7
8 5.0 7.1 5.7 7.2
9 8.2 8.8 9.3 10.8
10 8.4 9.0 6.4 49
11 7.0 6.5 101 6.0
12 10.7 6.5 5.7 3.9
13 104 35 5.1 7.0

All Profiles 9.3 7.9 6.7 6.2

moisture profile estimation for the poor initial guess being approximately the
same & for the soil moisture profile estimation with the accurate initialisation
(Table 11.6). Thus, this would suggest that initialisation d the model is not an
important asped of the soil moisture profile estimation algorithm when using the

Kaman-filter assmil ation scheme.

Moreover, it was down in sedion 11.3.1.2that when the forecating
model was initialised with an acarate estimate of the soil moisture profile, soil
moisture profile estimation wsing the soil moisture profile estimation algorithm
was only dlightly degraded from the open loop simulation. The conclusion that
may be drawn from this is that the profile estimation algorithm yields an
improved estimate of the soil moisture profile when simulation results are poa,
while only slightly degrading the soil moisture profile estimation when simulation
results are good. This dight degradation was a result of both ndse in the near-
surface observations and dfficulties associated with relating pant measurements
to gpatially averaged model estimates. Hence, this has ill ustrated the alvantage of
assmilating rea-surface soil moisture observations into a hydrologic model, so
that improved estimates of the spatial distribution and temporal variation d soil

moisture profilesis achieved.
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Table 11.9: Comparison d rms errors (%v/v) of soil horizons at soil moisture profile monitoring
sites during soil moisture profile estimation wusing a poor initial guessof soil moisture content and
only thefirst set of modified TDAS nea-surfacesoil moisture observations.

Moisture Soil Horizons
Profile Al Al-A2 Al-B1 Al-B2

1 111 6.1 4.8 7.2
2 15.0 8.2 3.8 2.0
3 5.3 7.7 4.1 1.9
4 9.9 125 9.5 5.9
5 3.9 4.8 4.3 8.4
6 7.9 3.7 45 4.2
7 14.0 6.9 5.6 6.3
8 9.4 10.6 7.7 8.2
9 6.5 6.9 6.8 11.8
10 6.6 6.8 5.8 21
11 5.4 6.9 11.2 2.1
12 12.7 6.9 6.5 3.8
13 6.9 4.2 3.6 6.3

All Profiles 9.4 75 6.4 6.1

11.3.3 A SINGLE UPDATE OF THE SOIL MOISTURE
PROFILE

To evaluate the dfed of update frequency on soil moisture profile estimation, the
simulation with a poar guessof initia soil moisture was runwith orly the first set
of TDAS near-surface soil moisture observations made avail able for updating o
the forecasting model ABDOMENSD. The results from this sSmulation are given
in Figure 11.8 for soil moisture profile number 7, where there was an obvous
improvement in the soil moisture profil e estimation when compared with the open
loop simulation. Furthermore, simulation results are comparable to the results

from assmilation o all sets of near-surface observations.

Thisis most evident in Table 11.9, where it can be seen that rms errors are
equivalent to those in Table 11.8 for al soil moisture profiles. This implies that
the updating interval is relatively unimportant for correct estimation d the soil
moisture profile when there is a good cdibration o the model, with poa
simulation d soil moisture profiles being orly a result of a poa initialisation o
the forecasting model. When the model is poaly cdibrated o there are
substantial errors in the forcing data, then correct estimation d the soil moisture

profile will be more dependent on the updating interval.
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Figure 11.8: Evaluation of soil moisture profile estimation at soil moisture profile number 7.
Conrecor TDR observations (open circles) are mmpared against the etimated soil moisture
profile (solid line) for updating with orly the first set of modified TDAS nea-surfacesoil moisture
observations and open loop simulation results (dashed line) for simulations initiated with a poor
initial guessof the soil moisture content.
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11.4 CHAPTER SUMMARY

This chapter has $rown that apart from the main drainage lines and stegoer
portions of the cachment, lateral redistribution o soil moisture mntent did na
play adominant role in the Nerrigundah catchment, with satisfadory modelling o
soil moisture profiles using the one-dimensional model ABDOMENID.
Moreover, by cdibrating the threedimensional soil moisture profile forecasting
model ABDOMENSD to the dry summer period o 199798, the model was able
to correctly predict the soil moisture profile withou the aldition d the roat water
uptake term. However, by cdibrating to extreme drying events withou the roct

water uptake term, soil parameters no longer had the physicd meaning intended.

Application d the Modified Kalman-filter to the estimation d spatialy
distributed time varying field measured soil moisture has $own satisfactory
results. Moreover, the utility of nea-surface soil moisture observations, for
updeting d hydrologic models to provide improved estimates of the soil moisture
profil es has been ill ustrated

Forecasting model updates at some update times were foundto produce a
degraded comparison d model predictions and soil moisture profile
measurements. It was suggested that this was likely to be aresult of latera
correlations imposing an updite, as a result of model predictions for adjacent grid
elements having a poa comparison with the nea-surface soil moisture
observations. Furthermore, simulation results have suggested that when near-
surface soil moisture observations are of low quality, and this is nat refleded by
the observation variances, the soil moisture profile estimation may be poor.
Hence updates for these times may be improved by wsing a non-constant system
state variance and a spatially uniform observation error. This dudy hes aso
highlighted the difficulty of relating pant measurements to the spatially averaged
estimates from a soil moisture model.

Application d the Modified Kaman-filter assmilation scheme to the
Nerrigundah cachment has indicaed that estimation d the soil moisture profile
may be degraded slightly (average rms error increase of 1% v/v for the total soil
moisture storage) if simulation and olservation values are dready close, as a

result of noise in the near-surface soil moisture observations. However, when
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simulation d the soil moisture profile is poar, assmilation d nea-surface soil
moisture into the forecasting model will make asignificant improvement in the
soil moisture profile estimation. This means that assmilation d nea-surface soil
moisture into the forecasting model will provide an improved estimate of the soil

moisture profile on average for all smulationtimes.

This gudy hes aso shown that when using the Kaman-filter assmil ation
scheme, initialisation d the forecating model states was not important for
adequate estimation d the spatia distribution o soil moisture profiles (average
rms error less than 5% v/v). Moreover, it has been shown that the updating
interval isrelatively unmportant for corred estimation d the soil moisture profil e
when the forecasting model has a good calibration and forcing data has a high
level of acauracy. When model calibration is poa and/or there are significant
errors in the forecasting model forcing data, the alequacy of soil moisture profile
estimation from low temporal resolution rear-surface soil moisture measurements
will be afunction d the time scale over which the dynamics of the forecasting

model, cause adeparture from the true soil moisture profil e.



