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Uncertainty associated wit T

.Sensor measurements

Measurement error * Calibration regression error
(inherent variation (variance in quantification

in predicting target) of soil property)

A

¥
Spatial prediction error Crop response function error ' i;, e -
(error at locations (vield as a function of soil |

without measurements) variation)
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Objective:
Evaluate the effect of
uncertainty from

NIR/MIR/XRF “ o ol
: : e predicted the available
predICtEd_ sl P and K content from
properties NIR/MIR/XRF spectroscopy

on decision-making data and applied universal
kriging for 4 fields in the

UK.

The expected loss is
computed for variable-rate
and uniform application of

fertilizer given the VoA
2 uncertainty in the krlglng e o s
ik predictions pasy e



Case-study area |
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Soil profile within the
Cambridgeshire fens
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Source: UK Environment Agency
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LiDAR data of the
Cambridgeshire fens

United Kingdom



Methods (1) : Dose response curves to inform fertilizer application

Profit(F) = M x Yield =V x F'|

o | - Where;
5 o M = price of the crop
8 o . © V = price of fertiliser
F = fertiliser applied (kg / ha™)
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(Prasad et al. 1988) (Greenwood et al. 1980)



Methods (2) : Loss function illustration

L(F) = Profit(Fy) — Profit(F) ,
Profit Expected Profit, o-= 200
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The loss increases under
uncertainty (right column)
irrespective of the
estimate soil nutrient
value at that location

The loss is the difference
in Profit from fertiliser
applied with perfect
information (F)
subtracted with the
Profit under fertiliser
regime F

Where the perfect
information (i.e. the
‘true’ values) are
assumed to be the
kriging predictions



Methods (3) : Contrast variable rate- with uniform fertiliser application

Given the uncertainty

at each kriged location,  E[L(F)] = Profit(Fy,S) - / {Profit(F,s)} [(s)ds . Where F takes the value of;
we compute the 0
expected loss by: Foo— Optimum fertilizer that minimizes the
opt expected loss under uncertainty
or;
Where the Profit for .. _ Fertilizer under uniform application based
fertiliser regime Fis UA on field-average from W-design
calculated given the
error distribution LD boundares
Calibration
f(s)
, denoted by the kriging a N
Varlance at eaCh —3Icﬁ —ZIGi —1|0ﬁ :1 +1Ici +2|Gi +3‘|0i
location; ﬁ
2m
’\/@ 7
/ Estimated soil P I 0.25m

Geometric support of the block-kriging



Results (1) : Observed implications of loss function approach
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For this example; we
would not apply any
fertilizer under perfect
information (F,) as
predicted K values sit
on the asymptote o
the DRC
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However,
uncertainty
increased the
probability of
predicted K falling
below asymptote
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Risk averse application
of fertilizer under
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more economical due
to asymmetry of the
loss function
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Results (2): Evaluating variable rate versus uniform application

Fertilizer / kg ha ™! Expected loss / £ ha™!

P, O fertiliser use is

Field Area / ha™! Nutrient Fopt Fua E[L(Fopt)] E[L(Fua)l lower under variable
1 3.2 107 120 33 45 rate application(F)
compared to

2 16.9 95 120 30 54 uniform application

P (Fy,) for two fields
3 h.1 98 62 24 110
4 8.9 61 57 90 137

. ( ( .

! 5.2 ; ¥ : : Expected loss is
y 16.9 44 0 21 36 lower for variable

K rate application
3 5.1 221 144 44 117 compared to

uniform
C . .

4 8.9 17 0 8 11 application




Concluding remarks |
3. There were economic

and environmental
incentives for variable
rate fertiliser compared
to uniform application

1. Uncertainty resulted
in a risk-averse
application of fertilizer
to minimize the
expected loss

2. Expected loss was
further affected by the
range of predicted P
and K values relative to
the parameterisation of
the dose-response
curve

4. The difference in
expected loss between F
and F, gives an indication
for cost-effective
implementation of
spectroscopy to inform
variable rate fertilizer
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