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When we have lots of measurements over time, we may wish to 

generalize things and study trajectories. Now, instead of time steps, we 

are studying trends and the factors that influence them.

A citationfor this work is

Grace, J.B., Keeley, J., Johnson, D., and Bollen, K.A. 2012. Structural 

equation modeling and the analysis of long-term monitoring data. pp 

325-358. In: Gitzen, R.A., Millspaugh, J.J., Cooper, A.B., and Licht, 

D.S. Design and Analysis of Long-Term Ecological Monitoring 

Studies. Cambridge University Press.

Notes: IP-056512;  Support provided by USGS Climate & Land Use 

R&D and Ecosystems Programs. Formal review of this material by 

Jesse Miller and Phil Hahn. The use of trade names is for descriptive 

purposes only and does not imply endorsement by the U.S. 

Government. 

Last revised 17.02.26.

Source: https://www.usgs.gov/centers/wetland-and-aquatic-research-

center/science/quantitative-analysis-using-structural-equation



The study used in this illustration examines the dynamics of post-fire 

recovery in California shrublands. The hypothesis being examined is 

that fire rejuvenates diversity of plants in the ecosystem and that 

following fire, there is a general decline in diversity until the next fire.
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Diversity dynamics did show sort of a general decline, but with loads 

of plot-to-plot variation in quantity and pattern. Also, the second and 

fifth years showed strong upturns, raising questions as to whether there 

really is a trend as expected.
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Temporal data are often analyzed as either an autoregressive change or 

a cross-lag autoregressive model.
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The SEM covariance approach to the problem of temporal dynamics 

often relies on using latent variables to represent latent slopes and 

intercepts. There is a need to set intercepts to 1.0 and random slopes 

are used to set a progression of time steps. 
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There are now several major references for this model type.
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lavaan implements a special function for such models called "growth". 

He has a tutorial on his training page.
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Screenshot from Rosseel's tutorial. 
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Now, back to our ecological example. Here are some summary 

statistics. 
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This is a preview of the model we will develop in the subsequent 

pages. Note there is a good bit of machinery associated with this 

model type.
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We start with the simplest model we can develop for the five time 

steps. Here the model represents the hypothesis that there is a trend 

over time. Note that random intercepts apply to each of the time steps 

(set to 1 in the command statement). A linear slope of change over 

time is set with the progression of 0, 1, 2, 3, and 4. 
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Model fit statistics show the model does converge, but has poor fit to 

the data.
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