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Background

Climate Models

Agro-Ecological Models

Why so 

complex?

Field 

studies 

required?

How to 

calibrate?

Is this 

application 

reliable?

Motivation Experiments
Sampling Strategies

• Optimized Trajectories [OT], Modified OT [MOT] 

(Campolongo et al., 2007; Ruano et al., 2012) � Spread

• Sampling for Uniformity [SU] (Khare et al., 2014) � Spread and 

Uniformity

Other Characteristics
• k = {15, 20, 35, 50, 80, 100}, r = {10}, q = {4}

• 5 standard test functions [B, G, G*, M and O]

Evaluation Criteria
• CPU time 

• Uniformity � χ2 goodness of fit test 

• Trajectory spread � Euclidean distance

• Screening efficiency � g and R skill scores

Results
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Figure 2: Median Euclidean distance (μD) between 

trajectories generated using sampling strategies

k OT MOT SU

15 0.57 0.66 0.00

20 0.59 0.67 0.00

35 0.66 0.70 0.00

50 0.65 0.72 0.00

80 0.69 0.72 0.00

100 0.69 0.72 0.00

Table 1: The average number of factors failing the χ2 test 

for generated distributions at α = 10%
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Figure 1: CPU time required for a single sample 

generation by sampling strategies
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• q-level, k-dimensional 

hyperspace to generate r 

trajectories

• (k+1) points per trajectory, 

and two consecutive points 

differ exactly in one 

coordinate 

• Total runs N = r (k+1); with r = 

10 and k = 100, N = 1010

∆=2/3
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Schematic of q = 4  levels and 

complimentary coordinates/ jump 

size for an arbitrary factor in a unit 

parameter space

y = model, EEi = elementary effect associated with ith factor, k = 

number of factors, ∆ = jump size = q/[2(q-1)]

OT MOT SU

avg_g across all five functions

0.8868 0.8732 0.8905

avg_R across all five functions

0.2117 0.2042 0.2142

Table 2: Screening efficiencies of sampling strategies 

based on two skill scores

Strategy Uniformity Time Spread Screening Total

OT ** * *** ** 8

MOT * ** ** * 6

SU *** *** * *** 10

• SU (newly developed strategy) performed 

better than OT and MOT across range of 

performance criteria

• g = 89% implies that the Morris method is 

useful for input screening . However, R ~ 21% 

indicates that it is qualitative is nature and 

shall not be used as an alternative to variance 

based GSA.
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Summary

Computer code for SU is available for 

free download from 

http://abe.ufl.edu/carpena/software/

SUMorris.shtml

�n

Land use, soil, and 

topography

Surface, Vadose Zone, and 

Groundwater Flows

Sediment and Nutrient 

Transport
Open Channel Flow 

Management Framework 

Sensitivity and Uncertainty Analysis

• Identification of important model factors

• Research prioritization

• Estimation of output uncertainty

• Reliable model applications

• Model calibration and validation

p1, p5, p10, p21, 

p67, p99

p1, p2, p3, p4, p5, p6, 

…, p100, …, p200, …, 

p1000

SA TECHNIQUES

Global Local

Parameter Screening

• Good correlation between Morris 

and GSA sensitivity indices

• Proposal to replace variance based 

GSA with Morris

• Need for efficient sampling 

strategies for the Morris method

GOALS

• Compare existing (OT, MOT) and 

newly developed (SU) sampling 

strategies for the Morris method

• Quantify efficiency of the Morris 

method 

• Robust but computationally 

demanding
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Schematic showing segregation of model factors 

into important and non-important ones
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factors with non-additive effects

factors with 

dominant 

additive effects

• Low cost but unreliable

eFAST – N    M k

Sobol’ – N = M(2k+2)

Saltelli-Sobol’ – N = M(k+2) 

≈ 50000-100000 runs 

for k = 100�

N = total model runs; M = model runs per factor, 

usually set to 500-1000; k = number of factors


