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My work since June 2015 falls into three categories: (1) Incorporating Hamiltonian samplers into 
TMB and ADMB, (2) coauthoring the assessment for Pacific halibut, and (3) taking general 
exam and writing chapters for publication. 

Hamiltonian algorithms  

I have concluded my review of algorithms that will be used to optimize Bayesian analysis. The 
most promising algorithm for use in a wide variety of fisheries models, including stock 
assessments, is the “no-U-turn” sampler by Hoffman and Gelman (2014). This algorithm is 
quickly gaining traction in other fields, and is considered state of the art for Bayesian models. 
The performance gains by using this algorithm over what is currently used has the potential to 
open up Bayesian inference on data-rich stock assessment models that are simply too slow. 
Currently, the no-U-turn sampler is only available in the software platform Stan (Stan 
Development Team 2015). However, I have incorporated it into the R package TMB, which is 
quickly becoming a powerful and useful tool for many fisheries models. Figure 1 below shows 
example behavior of a Hamiltonian sampler. 

The next step will be to incorporate it into ADMB so that all stock assessments have this option 
available. I have made plans to work toward this goal in June of 2016 when the ADMB 
development team is meeting in Seattle. I will prototype the algorithm for them, and then with 
their help incorporate it directly into the source code. After this is accomplished, I can recompile 
Stock Synthesis (or other ADMB models) and directly quantify the improvements of the new 
algorithm, as well as comparing frequentist and Bayesian estimates of uncertainty, which was 
the largest hurdle for one of my chapters. 

 



 

Figure 1. Approximate trajectories of a Hamiltonian system. (a) Effect of different step sizes (ɛ) and number of steps (L). The 
blue trajectory has the same initial position but negative momentum compared to the red trajectory, but both are 
approximations of the same true contour (solid gray line), and have the same path length (ɛ*L). The blue trajectory has much 
less approximation error (deviation from true contour) than the red one. The black trajectory would continue to cycle, 
despite the large step size, demonstrating the stability of the Leapfrog integrator. (b) Approximate trajectories on a logistic 
posterior surface. All three trajectories have the same initial position and momentum. The red trajectory shows 
accumulating approximation errors, causing it to diverge off of the true contour. The blue trajectory results from utilizing an 
appropriate mass matrix which transforms the surface to be closer to a bivariate standard normal which makes the surface 
easier to approximate (see text). Note this trajectory has a longer path length than the black line, despite having only one 
third the steps. (c) The acceptance ratios of the trajectories in (b), calculated as α =exp(H0-Ht). The corresponding acceptance 
probability is min(1, α). 

 

Pacific halibut assessment 

I collaborated with my committee member, Dr. Ian Stewart, to conduct the annual assessment 
done by the International Pacific Halibut Commission (IPHC). In doing this work I learned 
valuable skills for the rest of my dissertation. Namely, how to utilize the R package r4ss (I 



contributed new functionality to it) for data-rich stock assessments in Stock Synthesis. This 
includes the Bayesian functionality, which will need to be improved and updated for the no-U-
turn sampler. Having this functionality available to all users of Stock Synthesis will greatly 
improve the practical reach of my work. 

I also learned how different model structures can be used for the same stock, as the 
assessment actually has four models: combinations of coast wide vs areas and long vs short 
time series (Stewart and Martell 2015). I thus learned how to model a specific stock using Stock 
Synthesis. 

One issue that arose was how data weighting and process error interact. This is of particular 
interest for the IPHC because of the complex, time-varying selectivity patterns. What effect such 
complex process error has on typical ways to tune the data weights so they are “correct” is an 
open question. Dr. Stewart and I therefore conducted a simulation study to investigate this and 
are in the process of writing it up for publication in the special issue of Fisheries Research on 
this topic.  

Writing chapters 

My PhD committee has approved my dissertation proposal and I have passed my general 
exam. Therefore, I have begun writing up two of my dissertation chapters. The first is on the no-
U-turn sampler, illustrating the algorithm and then simulation testing demonstrating when it 
should be preferred. The target journal is Methods in Ecology and Evolution. The second is the 
effect of hook spacing on catch rates of halibut. The target journal is Canadian Journal of 
Fisheries and Aquatic Sciences.  

After June when the no-U-turn sampler is available for ADMB models, I will be able to initiate 
that analysis. My last chapter, a review of Bayesian inference for stock assessment, will follow 
naturally from the previous chapters as most of the literature review will be done. 

Summary of progress 

My committee has approved my PhD dissertation and I have passed my general exam to 
become a candidate. For the most part I now know what I need to do and how to do it. At this 
point I am mostly working on writing up and publishing my PhD chapters. I expect a year from 
now to be close to defending, and having several manuscripts in prep or review. 
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