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1. Conventional vs LHFI
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Chessie BIBI & other conventional report-card approaches

Source: chesapeakenetwork.org/resources/chessie-bibi-overview
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Chessie BIBI & other conventional report-card approaches
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Model-based Latent Health Factor Index
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Model-based Latent Health Factor Index

LHFI modeling is a framework

different ecosystems may require different model structures

I see tinyurl.com/chiu-lhfi



Stream Health Workgroup 2020-10-16 GS Chiu 8

Model-based Latent Health Factor Index

LHFI modeling is a framework

different ecosystems may require different model structures
I see tinyurl.com/chiu-lhfi



Stream Health Workgroup 2020-10-16 GS Chiu 9

Model-based Latent Health Factor Index
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Model-based Latent Health Factor Index

Model-Based Assessment of Estuary Ecosystem Health
Using the Latent Health Factor Index, with Application to
the Richibucto Estuary

Grace S. Chiu1*, Margaret A. Wu2, Lin Lu3

1CSIRO Mathematics, Informatics and Statistics, Commonwealth Scientific and Industrial Research Organisation (CSIRO), Canberra, Australian Capital Territory, Australia,

2 Business Methods Survey Division, Statistics Canada, Ottawa, Ontario, Canada, 3McGregor GeoScience, Bedford, Nova Scotia, Canada

Abstract

The ability to quantitatively assess ecological health is of great interest to those tasked with monitoring and conserving
ecosystems. For decades, biomonitoring research and policies have relied on multimetric health indices of various forms.
Although indices are numbers, many are constructed based on qualitative procedures, thus limiting the quantitative rigor of
the practical interpretations of such indices. The statistical modeling approach to construct the latent health factor index
(LHFI) was recently developed. With ecological data that otherwise are used to construct conventional multimetric indices,
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Model-based Latent Health Factor Index
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Model-based Latent Health Factor Index
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Model-based Latent Health Factor Index

A SSESSMENT: appropriate interpretation of a suite of biotic
metrics (e.g., species richness/abundance)

P REDICTION: modeling biotic-to-biotic and/or abiotic-to-biotic
relations

Conventional approaches regard A&P as SEPARATE procedures

My biomonitoring research:

To facilitate evidence-based policy-making
=⇒ rigor
=⇒ development of single hierarchical model
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2. Examples of LHFI work
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While at CSIRO: Murray-Darling Basin
I was developing model for

Ovals are data
HEALTH is model parameter

I to be estimated
Model handles spatial misalignment
over multiple spatial and ecological scales
Model-based interpolation of biotic response
when samples are missing
=⇒ cost effective,

rigor in uncertainty propagation
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While at CSIRO: Murray-Darling Basin

** SRA bug sites & state hydro sites

bug: 1946
hydro: 1323

=⇒
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While at CSIRO: Murray-Darling Basin

Key model statements:

Hijt = φi + βixijt + εijt Hi := φi + βi x̄i ..

x : antecedent log(hydro discharge) {φi} ∼ mean-0 CAR

βi ∼ N(β, ω2
b) εijt ∼ N(0, γiσ

2
e )

yrijtk = α0r + α1r uij + α2r vij + α3r Hijt + ηrijtkη1ijtk
η2ijtk
η3ijtk

 ∼ MVN(0,Σi )

r ∈ {1=log-abund., 2=weighted rich., 3=weighted rel. abund.}
u, v : longitude, log(elevation)
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While at ANU/VIMS: LACSH

Latent Causal Socio-economic Health
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While at ANU/VIMS: LACSH
Causal variable:
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While at ANU/VIMS: LACSH

←− causal framework:
generalized propensity score
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While at ANU/VIMS: LACSH
Causal relationship:
Health vs. Maternity Leave Days
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LHFI/LACSH in a nutshell

Single hierarchical model / one-stop shop
I unifies various aspects of health
I rigor in uncertainty propagation

Health is model parameter
I formal uncertainty quantification

No big deal when biotic data are missing
Rigorous assessment of policy (causal) effects on health
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