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Supporting Information 

Further Details on Figure 1 

This stylized figure depicts baseline long-run market equilibria. Because shrimp life history (e.g. the 

annual growth cycle) imposes strong seasonal patterns on supplies of different size classes of shrimp, S0 

can be interpreted as a typical supply for small or large shrimp in a given month. Each month has a 

corresponding demand (D) that reflects seasonal demand for small and large shrimp and prices of 

competing small and large shrimp from other sources, including imported frozen shrimp. A weak 

recruitment year is then a short-run deviation from the typical long-run supply in each month (supply 

shifts to S1). And a bad hypoxia year (more than average hypoxia) is a short-run deviation from the 

typical long-run supply in each month (again, supply shifts to S1). In the same manner, a strong 

recruitment year would correspond to outward shifts in supplies for small and large shrimp, whereas a 

mild hypoxia year would correspond to an inward shift in supply of small shrimp and an outward shift in 

supply of large shrimp. In all cases, the typical level of hypoxia is embedded into the baseline long-run 

market relationships, and it is inter-annual variation in hypoxia (good and bad years relative to the 

typical year) that allow us to identify effects on economic outcomes.      

Naïve Treatment Effects 

Details on Hypoxia Data 

Based on the SEAMAP data, if the polygon does not have a reading of dissolved oxygen level (DO) 

below 2 mg/l in either the summer or the fall, then the polygon is coded as non-hypoxic for the entire 

year.  If the polygon has a reading below 2 mg/l in the summer but not in the fall, the polygon is coded 

as hypoxic from May to August.  If the polygon has a reading below 2 mg/l in the fall, but not in the 

summer, the polygon is coded as hypoxic from September to December.  Finally, if the polygon has a 
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reading below 2 mg/l in both the summer and the fall the polygon is coded as hypoxic from May to 

December. All polygons are assumed to be non-hypoxic in January through April of every year. 

Descriptive Statistics and Correlations 

Table S1a contains descriptive statistics for the variables used in the treatment effects models and in the 

discrete choice model of fishing participation. Table S1b contains descriptive statistics for variables used 

in the time series analysis. 

We first examine raw correlations in the data between hypoxia and catches. Previous work has 

shown that the areal extent of hypoxia is negatively correlated with shrimp landings, suggesting the 

possibility of negative impacts on the fishery (1, 2). We correlate four measures of hypoxia with shrimp 

landings from our subarea-depth zone polygons. The first hypoxia measure is the annual estimate of 

areal extent from 1990 to 2009 (3). This measure is used below in the time series modeling. The 

remaining three measures are from SEAMAP and are used in our treatment effects modeling. There are 

separate summer (June-July) and fall (October-November) measures based on averaging dissolved 

oxygen observations within the polygons from summer and fall SEAMAP cruises. Unlike previous work 

that uses Gulf-wide landings to calculate the correlation (2, 4), here there is no statistically significant 

relationship between total landings and hypoxia (table S2). However, for the SEAMAP data hypoxia is 

negatively correlated with large shrimp landings and positively correlated with small shrimp landings 

(table S2). 

Details on Naïve Treatment Effects Estimation 

There are important confounding factors in fisheries that modify the standard approach to difference-in-

differences. We estimate the effect of treatment on the treated group by differencing outcomes 

conditional on fishing effort before and after treatment in the treatment group and subtracting the 
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difference in outcomes before and after treatment in a control group. This approach resembles Before-

After-Control-Impact (BACI) design (5) but uses multiple treated and control sites with observations in 

multiple time periods before and after treatment, making it is more similar to an asymmetric BACI 

sampling design (6). Previous empirical bioeconomic work on hypoxia suggests important modifications 

to the standard difference-in-differences model; because  the effects of hypoxia on fisheries unfold over 

time, (7) one must include lags of hypoxia in the analysis.  

Here we develop Equation [5] from the main text. Because we define the dependent variable as 

catch, it is also important to condition on fishing effort. Fisheries scientists often use catch-per-unit-

effort (CPUE) as a dependent variable in both stock assessments and policy evaluations. However, an 

implicit assumption in doing so is that the production technology that relates catch to effort is of a 

particular form:  

 𝐶𝑡 = 𝑞𝐸𝑡𝑆𝑡,           [S1] 

where t is the time period, q is catchability, E is fishing effort, and S is the fish stock. This assumption is 

restrictive and empirically fails to hold in some settings (8). If there is curvature in the production 

function such that there are potentially increasing or decreasing returns to stock or effort, the CPUE 

specification leads to biased measurements of policy impacts (9), fish stocks (8), and effects of 

environmental shocks such as hypoxia (7). A more general model is: 

 𝐶𝑡 = 𝑞𝐸𝑡
𝛽𝑆𝑡

𝜑
,           [S2] 

Taking the natural logarithm of both sides leads to a linear specification: 

 𝑙𝑛𝐶𝑡 = 𝑙𝑛(𝑞)+𝛽𝑙𝑛𝐸𝑡 +𝜑𝑙𝑛𝑆𝑡 .        [S3] 

 Following (7-9), an alternative to the CPUE specification is simply to regress catch on effort and the 

other relevant covariates, where 𝑙𝑛(𝑞) is then a part of the constant. Combining these insights, our 

regression generalization of the differences-in-differences model can be expressed as: 
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  𝑙𝑛𝐶𝑗𝑚𝑦 = 𝛼 +  𝛽𝑙𝑛𝐸𝑗𝑚𝑦 + 𝑑𝑗 + 𝑑𝑦 + 𝑑𝑚+ 𝑑𝑗𝑦 + 𝑑𝑗𝑚 + 𝛾0𝐻𝑗𝑚𝑦+ ∑ 𝛾𝜏𝐻𝑗(𝑚−𝜏)𝑦
𝜏𝑚𝑎𝑥

𝜏=1 +  𝜀𝑗𝑚𝑦 [S4] 

where j indexes the spatial location (combination of sub-area and depth zone), m is month, y is year, d’s 

are fixed effects that capture different combination of location and time, and H is a binary variable to 

indicate whether the location is hypoxic in month m and year y, 𝜏 is the lag length, 𝜏𝑚𝑎𝑥 is the 

maximum lag length considered, and 𝜀  is a random shock. The dummy variables capture seasonal 

patterns of shrimp abundance that are similar across years (owing to the annual life cycle of shrimp), 

annual differences that reflect overall recruitment strength, spatial differences that reflect quality and 

type of habitat, and various combinations of these features. Although stock is not directly observed, the 

combinations of zone, year, and month dummy variables control for its influence (7-9). Equation [S4] 

matches Equation [4] from the main text. If the model were properly identified, including the 

requirement that the Stable Unit Treatment Value Assumption holds, the coefficients on the hypoxia 

indicator variables would be the estimates of the causal effects of hypoxia on fishing outcomes. 

There are four different definitions of the dependent variable: all shrimp, large shrimp, medium 

shrimp, and small shrimp. The size-based variables combine three size classes each into large and small 

shrimp and two size classes into medium shrimp. Large includes < 15, 15-20, and 20-25 shrimp per 

pound. Medium includes 25-30 and 30-40 shrimp per pound. Small includes 40-50, 50-67, and > 67 

shrimp per pound. There are thirty zones in our model (10 sub-areas by 3 depth zones). We interact the 

zone dummies with year dummies, and we interact zone dummies with monthly dummies. As discussed 

above, a key covariate to control for is fishing effort; more effort generally translates into more catch. 

This approach addresses the curvature problem in the CPUE approach described above but raises the 

possibility of endogeneity through correlated unobservable variables. That is, when fishermen expect to 

catch more shrimp, they are more likely to fish. We address endogeneity below using an instrumental 

variables approach based on discrete choice model results. 
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The SHRCOM database contains all recorded landings, but not every record has complete 

information in every field. Many records are missing the days-at-sea variable, which we use as a 

measure of shrimping effort. Others are missing information on the vessel size. Hence, we summarize 

the data for the treatment effects in two ways: 1) all records and 2) records that contain complete trip 

information. 

Discrete Choice Model Details and Results 

There are several thousand active vessels fishing for brown shrimp during our study period. A 

daily model would have over 25 million observations. Including all vessels for all days in a 31-choice 

conditional logit model with alternative-specific constants would quickly become computationally 

problematic. To address computational problems, we draw a stratified random sample of 337 active 

vessels (i= 1, 2, …, 337) and estimate the model over the entire time horizon. To ensure spatial coverage 

throughout the Gulf and spatial coverage across depths, which may reflect underlying vessel 

heterogeneity, we stratify in two dimensions. We assign vessels to a home state category based on the 

location of the port where they have landed the most catch: Texas, Louisiana, or Other.  The Other 

category includes Mississippi, Alabama, and Florida. We allocate shares of our 337 vessels to these 

three categories based on total catch shares in our sample period. We assign each vessel to a depth bin 

based on the bin where it has historically landed the most shrimp and compute catch shares for each 

depth bin within each state category, using the results to arrive at shares within each state category.  We 

draw vessels randomly according to state-depth shares. We include discrete choices for each of these 

vessels in all 8,875 time periods for a total of 2,990,875 observations.  

Covariates in the model include distance, daily price, expected catch, expected revenue, wave 

height, and diesel price. (10-13). Distance is the travel distance from a vessel’s home port to the centroid 

of the statistical zone bin. Price is an index that we create for medium-sized shrimp that does not vary 
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over space to capture the background market dynamics. Expected catch is a moving average based on 

the previous year’s catches in the zone-depth bin 15 days ahead and 15 days prior. This captures zone-

specific aspects of stock dynamics that may influence behavior from one year to the next (i.e. long-lived 

information). Expected revenue is a 30-day backward moving average based on the current year’s 

revenues in the zone bin. This form captures short-lived information that contains both catch and price, 

the latter being a proxy for size structure of the population. For both expected catch and expected 

revenue, we adjust the weights in the moving average to account for data sparseness (not all days in all 

zones have landings). Weather data are from the National Data Buoy Center, which provides time series 

data from many locations in the Gulf of Mexico with fine temporal resolution (typically every fifteen 

minutes) (http://www.ndbc.noaa.gov/). To generate covariates for wave height, we selected buoys with 

consistent observations throughout our sample period and aggregated wave heights to the daily level (by 

averaging finer scale observations). We standardized each daily wave height series (subtracting the 

series mean and dividing by the series standard deviation) and constructed distance-weighted averages 

for our individual zone-depth bins. Diesel prices are from the Energy Information Agency and converted 

to daily observations through linear extrapolation of monthly (early part of the time series) and weekly 

(later part of the time series) prices (http://www.eia.gov/).  

We estimated the discrete choice model with alternative-specific constants by nesting a 

contraction mapping algorithm within a maximum likelihood routine (14, 15).  Table S3 contains results 

of the discrete choice model. Although the model is not intended to be structural, all of the parameter 

signs conform to expectations and are consistent with previous discrete choice modeling studies of 

commercial fishing across a wide range of fisheries, model types, and choice structures (11, 15-20) 

(table S3). Covariates that increase revenues are correlated with more effort (price, expected catch, 

expected revenues), and covariates that increase costs are correlated with less effort (distance, wave 
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height, and diesel price).  The expected catch and expected revenue variables suggest that fleet behavior 

is responsive to economic opportunities over space that could be influenced by hypoxia. Daily predicted 

choice probabilities are vessel-specific only to the extent that different vessels are located in different 

ports and hence face different travel distances to each site. We evaluate all vessel-specific choice 

probabilities for each day, sum across vessels, and then sum across days to arrive at 30 depth-and-

statistical-area-specific predicted effort levels for each month in our data set.  

The results from the discrete choice model are used in two ways. First, in the next section, the 

discrete choice model is used to form predicted probabilities to serve as instruments for fishing effort. 

These instruments are necessary to control for potential endogeneity of fishing effort in the treatment 

effects models. Second, the discrete choice model provides evidence for spatial sorting. This mechanism 

is the feature that leads to contamination of control sites in the spatial-dynamic bioeconomic model.  

 

Treatment Effects Model Results 

Although numerous studies establish ecological effects of hypoxia that are consistent with the 

theoretical supply shifts depicted in Fig. 1, causal economic effects have not been established. 

Experimental and observational studies specifically demonstrate lethal and sublethal metabolic 

consequences of hypoxia for a wide range of marine fauna, including a variety of shrimp species (21-

33).  

Tables S4-S7 report results from the treatment effects models. We estimated treatment effects 

models separately for each of data sets: one that includes catch records for which all vessel and effort 

information is available and a second that includes all catch records regardless of whether there is 

missing vessel or effort information. We report only the results for the treatment variables and the 

predicted effort variable. Each model contains a contemporaneous treatment variable (the instantaneous 

causal effect of hypoxia on landings) and lagged treatment variables (the causal effects of hypoxia on 
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future landings). The number of monthly lags tested are 0, 3, 6, and 12.  Each table contains separate 

results for different size groups of brown shrimp: all brown shrimp combined (table S4), large brown 

shrimp only (table S5), medium brown shrimp only (table S6), and small brown shrimp only (table S7), 

as described above. Standard errors are clustered by zone. All regressions include dummy variables for 

zone, month, year, and interactions (zone*year and zone*month), which are not shown in the tables. All 

effort coefficients are positive and significant at the 1% level. As expected, increased effort results in 

increased catch.  

Importantly, none of the lagged hypoxia variables are statistically significant in any of the 

models (tables S4-S7). There is no evidence in these models that suggests hypoxia causes any lasting 

effect on shrimp landings despite theoretical reasons that strongly suggest deleterious impacts through 

bioenergetic pathways and empirical evidence of dynamic effects in other settings (7, 21-24, 26, 28, 34). 

We explore possible explanations for these null results in the next section of the supplemental materials. 

For contemporaneous effects, the models provide evidence of positive effects of hypoxia for large 

brown shrimp (table S5) and mixed evidence for positive effects on medium brown shrimp, but no 

evidence for positive effects in aggregate or for small shrimp (tables S4 and S7). The positive 

contemporaneous effects of hypoxia are consistent with observational studies of aggregation along the 

edges of hypoxic areas (22).  

 

Panel Models of Fishing Effort and the Potential for Treatment-Control Contamination 

The discrete choice model provides evidence of potential SUTVA violations.  Because the fishing fleet 

sorts over space in response to economic opportunities, control areas that are not directly affected by 

hypoxia may experience different levels of effort relative to the counterfactual. A complementary 

approach to testing for potential SUTVA violations is to specify a panel data model of fishing effort. 
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The model includes two-way fixed effects based on the fishing zone-depth combination (the same 

spatial units used in the treatment effects model) and month-year combinations. We measure hypoxia in 

six different ways. We use the standard cutoff of DO<2.0 mg/l and also include cutoffs of DO<1.5 mg/l 

and DO<2.5 mg/l. For threshold models, a zone-depth combination is coded as hypoxic if at least one 

observation in the SEAMAP data is below the cutoff. This follows the methodology used in the 

treatment effects models. We also run models based on whether the mean DO is below the cutoff.  

The null hypotheses under SUTVA are that the presence of hypoxia has no effect on 

contemporaneous fishing effort in a zone, the presence of hypoxia has no effect on fishing effort in 

subsequent periods, and the presence of hypoxia has no effect on fishing effort in other zones. The first 

two of these hypotheses (contemporaneous effects on effort and temporally lagged effects on effort) are 

indirect tests of SUTVA violations. When effort increases (or decreases) in the hypoxic zone, some of 

that effort will be drawn from candidate control sites (positive effects) or will redistribute to candidate 

control sites (negative effects). This process is consistent with sorting behavior revealed by the discrete 

choice model (table S3) as well as other models of fishing spatial behavior (12, 15, 19). The spatial lag 

variable is a more direct test of SUTVA violations. A significant coefficient on the spatial lag means that 

hypoxia in an adjacent area influences effort in an area that otherwise could serve as a control site. 

Across model specifications, we reject each of the null hypotheses (tables S8-S13). In the effort 

panel models, the evidence is strongest for the standard cutoff for hypoxia of 2.0 mg/l using a threshold 

rather than average measure. There is also some indication of cycling behavior in the temporal pattern of 

effort response to hypoxia (a sequence of positive and negative responses). This behavior is consistent 

with the dynamic open access model used in modeling hypoxia’s effects on fisheries (35). Cycling 

behavior is a general feature of spatial-dynamic bioeconomic fishery models, both models in discrete 

and in continuous time, when access to specific fishing grounds is not limited (4, 35-37). Essentially, the 
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process of free entry to dissipate economic rents under open access overshoots the bioeconomic 

equilibrium when there is sluggish adjustment, inducing a boom and bust pattern in stocks, harvests, and 

fishing effort (38). Mathematically, the eigenvalues of the system are a conjugate pair associated with a 

focus. The associated cycling behavior is a qualitative result, but the cycling frequency depends on 

parameter values. This pattern unfolds across fishing grounds in the spatial generalizations of the model 

(36, 37). In our case, hypoxia increases effort instantaneously relative to the counterfactual (a positive 

contemporaneous effect). Over time, that increased effort would reduce stocks in an area relative to the 

counterfactual, encouraging effort to redistribute to other areas (negative lagged effects). However, the 

exit of effort from the once hypoxic area would lead to a rebounding of stocks relative to the 

counterfactual, so as time continues effort is drawn back in (positive effects on higher order lags).  

 

Spatial-dynamic Bioeconomic Model Results 

The spatial-dynamic bioeconomic model also provides important context for our empirical work. 

First (and most obvious), when the true counterfactual is known, hypoxia affects the shrimp fishery 

exactly as theory predicts. The growth and mortality effects both reduce catches and associated 

revenues. The catchability effect increases catches instantaneously but reduces catches later in the 

season because fewer shrimp survive to larger size classes (4) (Figs. S3 and S4). The net effect of the 

catchability effect can theoretically be positive or negative, but it tends to be positive because the short-

run profitability increase draws more effort into the fishery, and overall catches increase. When hypoxia 

effects are combined in model runs, the net effect on the fishery depends on the strength of each effect. 

Although the net effect tends to be negative such that the catchability effect at best tends to attenuate 

losses due to hypoxia (Figs. S3 and S4), the countervailing forces suggest it is an empirical question.  

Second, even when the true counterfactual is known, the treatment effect of hypoxia can be 

subtle, vary dynamically, be sensitive to the mixture of structural biological effects, and often be non-
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monotonic (4) (Figs. S3 and S4). All of these features suggest that identifying the effects of hypoxia 

from perfect data would still be challenging. Nevertheless, by including lags of hypoxia in the treatment 

effects models, we would expect to identify these dynamic and non-monotonic effects if they are large 

in magnitude.  

Third, the effects of hypoxia may interact with growth overfishing (4). For example, a strong 

recruitment year makes a shrimp fishery more profitable and draws more effort into the fishery early in 

the season (4, 39). This effect increases the amount of small shrimp landings and, at the annual scale, 

bioeconomically tends to skew the size distribution of landings toward smaller shrimp (4). Fuel prices, 

weather conditions, global seafood markets, and changing regulations can also influence the profitability 

of shrimp fisheries and hence the level of fishing effort (4, 39-41) (table S3). Prior research in general 

shows that within-season behavior of fishing fleets can influence aggregate fishery outcomes (39, 42-

44). In the GoM shrimp fishery, increased profitability will tend to reduce the average size of shrimp 

that are landed, and decreased profitability will tend to increase the average size. Indeed, the weighted 

average shrimp size is trending upward in recent years, which likely reflects higher fuel prices, increased 

competition from imported  shrimp, and increased costs of regulation (4). On the other hand, we expect 

that the ecological effects of hypoxia will reduce shrimp size on average; holding other things constant, 

hypoxia should reduce the landings of larger shrimp. So, isolating the effects of hypoxia requires a 

model that controls for the confounding effects of economic behavior because the economics and the 

ecology contribute potentially countervailing forces. 

With this context in mind, the primary purpose of the spatial-dynamic bioeconomic model is to 

diagnose the severity of potential SUTVA violations. The model demonstrates explicitly how spatial 

sorting of the fishing fleet creates the possibility of contaminating statistical control sites with treated 

sites (4). We explore the robustness of this finding to a more general life history model of brown shrimp 
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that incorporates 25 recruitment cohorts. Specifically, shrimp recruitment is distributed uniformly across 

100 days (a new cohort every 4 days), and each cohort is followed throughout the year.  Fig. S3 

illustrates the treatment/control contamination result, highlighting three zones of the simulation that 

includes a zone that never experiences hypoxia. The blue line “Never Hypoxic” should always track 

zero if it were a valid counterfactual. The behavioral response to hypoxia reverberates through the 

spatial-dynamic system. Despite the fact that some zones never go hypoxic, they are unavoidably 

influenced by the environmental disturbance in other zones. This result helps to explain our null results 

above and suggests that treatment effects approaches based on spatio-temporal identification strategies 

are problematic in spatial-dynamic systems. Nevertheless, the contamination of the control appears 

modest at the onset of hypoxia and worsens over time as behavioral responses feedback on the natural 

system. As such, the contemporaneous treatment effect results (coefficients on contemporaneous 

hypoxia) may not be as biased as the estimates of dynamic treatment effects (coefficients on lagged 

hypoxia) (tables S4-S7). Thus, despite some bias, the results may signal some of the effect from shrimp 

aggregating behavior around hypoxic areas.  

Although qualitatively the contamination of control sites with treatment sites persists for any 

positive level of economic responsiveness to revenue changes over space, quantitatively the effect is 

negligible at low levels of responsiveness. For example, reducing the fleet responsiveness to 10% of 

what was assumed in Fig. S3 produces contamination of the control group that is substantially less 

problematic (Fig. S4). Thus, the treatment effects results could be true null results with mild 

contamination bias due to spatial sorting, or they could reflect severe control site contamination through 

spatial sorting that introduces substantial bias.  

We can use the spatial-dynamic simulation model in combination with the discrete choice model 

to determine whether SUTVA violations are severe. The comparison is based on the Marginal Rate of 
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Substitution (MRS) of travel distance for expected revenue. In conditional logit models like the one 

estimated above and embedded into our simulation model, coefficients are only estimated up to scale 

(45). That is, estimates for two parameters 
1  and 

2 are actually estimates of 1


 and 2


where   is an 

unknown scale parameter. However, by taking a ratio of two estimated parameters, the unknown scale 

parameter differences out. Thus, the MRS can be used to make comparisons across models.   

We specifically compare the MRS of distance for expected revenue in the simulation model to 

the MRS of distance for expected revenue in the empirical model of GoM shrimp fishing. The empirical 

model provides evidence for a high degree of responsiveness to expected revenues over space. This 

degree of responsiveness exceeds the level that is implied by the severe contamination simulation (Fig. 

S3). As such, the empirical estimates strongly support the likelihood of severe treatment-control 

contamination. These findings motivate the use of alternative approaches to examine the causal effects 

of hypoxia on the Gulf shrimp fishery. 

    

Time Series Results 

Here we present the full results for our main findings: hypoxia causes changes in the relationship 

between small and large shrimp prices, and these changes are consistent with theoretical predictions 

based on how hypoxia is expected to affect small and large shrimp abundance and landings.  

We first find that individual shrimp price series are non-stationary in levels but stationary in first 

differences (table S14) (46, 47). The implication for our analysis is that spurious correlations could be 

induced by regressing levels of shrimp prices on covariates such as hypoxia.  

We next find that pairwise small and large shrimp prices are cointegrated, and the hypothesis that 

size-based prices are proportional to each other cannot be rejected (table S15) (48, 49). These results 

provide empirical evidence for what we see visually in Figures 2 and S5. Statistically, the implication is 
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that by regressing a large shrimp price on a small shrimp price, the residuals are stationary, and spurious 

correlation is not an issue. Economically, these results indicate that there are stable long-run price 

relationships between small and large shrimp. The fact that we fail to reject proportional prices supports 

the hypothesis that the Law of One Price (LOP) holds. However, the evidence for LOP is not as strong 

as the evidence that there is some cointegrating relationship and thus some stability in the long-run price 

relationships. We test our main hypotheses about hypoxia under both the more restrictive assumption of 

LOP and the less restrictive one, that the prices are simply cointegrated. In either case, we can use stable 

long-run relationships as a market counterfactual. Regressing large shrimp price on small shrimp price 

and hypoxia then becomes a test of whether hypoxia causes a short-run departure from this stable long-

run relationship.    

Tables S16-S23 contain full results from all of the time series models. Each one of tables S16-

S23 contains results for all of the pairwise small-to-large shrimp price comparisons (3x3=9) and two 

different definitions of the dependent variable (logarithm of price level and logarithm of relative price), 

and two different interpolation schemes for a total of 9x2x2=36 models. We estimate models using 

Weighted Least Squares, and we also estimate models using Newey-West standard errors with four lags 

to account for potential heteroscedasticity and autocorrelation (50).  We report results using the standard 

measure of hypoxia (areal extent of DO < 2.0 mg/l).  As robustness checks, we run models using three 

alternative definitions of hypoxia in addition to the standard measure: areal extent of DO < 1.5 mg/l, 

areal extent of DO < 2.5 mg/l, and volumetric extent of DO < 2.0 mg/l. Both areal extent and volumetric 

extent measures are based on geo-statistical modeling of hypoxia (3). The results strongly support the 

causal effect of hypoxia on the large shrimp market (Fig. 1); nearly all hypoxia coefficients are positive, 

most are statistically significant, and only one hypoxia coefficient is negative and statistically 

significant. Positive and statistically significant hypoxia coefficients occur in a variety of model 
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specifications that include many of the different pairwise price comparisons, models with both types of 

hypoxia interpolation, models with both types of dependent variable, different measures of hypoxia, and 

different approaches to computing standard errors (Eq. S8 and Eq. S9). Negative and statistically 

significant coefficients on fuel prices provide indirect supporting evidence. 
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Figure S1. Spatial resolution of the fisheries data. Each vessel reports depth and subarea for each 

shrimp landing. Depth information is aggregated into three zones. Based on Gulf of Mexico bathymetry  

data, landings are assigned to one of three contour bins (left panel). The subareas are statistical 

reporting zones defined by National Marine Fisheries Service (right panel). Overlaying the two spatial 

measures provides a set of polygons with different shapes and sizes to which landings are assigned.    





 



 

  



Figure S2. Mapping summer hypoxic status into fisheries data polygons. For each SEAMAP summer 

cruise (t), geocoded observations on bottom dissolved oxygen (DO) are assigned to fisheries data 

polygons (j) (overlaid left and right panels in Figure S1). The dissolved oxygen observations within each 

polygon averaged, and the polygon is coded as hypoxic if 𝐷𝑂̅̅ ̅̅ 𝑗𝑡 <2 mg/L.   Otherwise, the zone is coded 

non-hypoxic. Each panel depicts the resulting summer hypoxia status for each year 1986-2009. The 

same procedure is used for coding fall hypoxia for each SEAMAP fall cruise. Polygons that are hypoxic in 

both summer and fall are assumed to be hypoxic for the months in between the cruises.  

 



 

 

Figure S3. Spatial sorting of the fishing fleet contaminates candidate control sites for isolating the 

treatment effect of hypoxia. The lines depict percent differences in catches comparing simulated 

outcomes with and without hypoxia in three different locations using a spatial-dynamic bioeconomic 

simulation model of the shrimp fishery (11). Zones that are never hypoxic are candidates for estimating 

the statistical counterfactual of catches in moderately and severely hypoxic zones.  Without spatial 

sorting, the percent change in catch with and without hypoxia would be zero in the never hypoxic zone 

(blue line), i.e. the blue line would track the straight dotted line. However, at the onset of hypoxia in late 

spring, catches in the never hypoxic zone begin to deviate as effort responds to shrimp aggregations in 

the severely hypoxic area and then reallocates to moderate (orange line) and never hypoxic zones as 

catches plummet in the severe hypoxic zone (red line). A similar pattern occurs in the summer when the 

moderate hypoxic zone begins to experience hypoxia. When hypoxia dissipates altogether in the fall, 

another more modest effort reallocation occurs that produces kinks in all three curves as the 

aggregation effect of hypoxia disappears. 



 

 

Figure S4.  Candidate control sites for isolating the treatment effect of hypoxia may provide adequate 

counterfactuals when spatial sorting of the fleet is minimal. The lines depict percent differences in 

catches comparing simulated outcomes with and without hypoxia in three different locations using a 

spatial-dynamic bioeconomic simulation model of the shrimp fishery (11). Zones that are never hypoxic 

are candidates for estimating the statistical counterfactual of catches in moderately and severely 

hypoxic zones.  Without spatial sorting, the percent change in catch with and without hypoxia would be 

zero in the never hypoxic zone (blue line), i.e. the blue line would track the straight dotted line. 

However, at the onset of hypoxia in late spring, catches in the never hypoxic zone begin to deviate as 

effort responds to shrimp aggregations in the severely hypoxic area and then reallocates to moderate 

(orange line) and never hypoxic zones as catches plummet in the severe hypoxic zone (red line). Here, 

the spatial responsiveness of the fishing fleet is one order of magnitude less than that depicted in Figure 

S3. The result is that the deviation of the never hypoxic zone (blue line) from zero is small relative to the 

deviation in Figure S3. With no spatial responsiveness of the fishing fleet, the never hypoxic zone 

provides a valid counterfactual.  



 

 

 

 

Fig. S5. Monthly natural logarithm of real (March 2010 $) brown shrimp prices by market 

size. Same as Fig. 2 with prices converted to real dollars and log-transformed.  
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Table S1a. Descriptive statistics for data used in the treatment effects and discrete choice models.

The number of observations, N, reflects the amount of variation in the relevant model. For treatment effects, there are

30 sites and 291 months (for a total of 8730 observations), but some sites have missing hypoxia data in some periods.

For discrete choice, there are 8875 unique days, so N=8875 for variables that vary across days but not across space.

Wave height varies across subarea (10 total) and day, so N=88750.

Expected revenue and catch vary across day, subarea, and depth bin (3 distinct bins), so N=266750.

Distance varies across vessel (337 vessels), day, subarea, and depth, so N=89726250.

Variable Mean Std. Dev Min Max N

Treatment Effects Model

Hypoxia (binary) 0.362 0.481 0 1 8,586

Predicted Effort 0.093 0.120 0.003 1.622 8,586

Year 1986 2010 8,586

All trips

Total Shrimp (lbs) 132,252 331,433 0 7,304,791 8,586

Large Shrimp (lbs) < 25 shrimp/lb 35,790 85,960 0 1,163,647 8,586

Medium Shrimp (lbs) - 25-50 shrimp/lb 48,973 156,049 0 3,107,865 8,586

Small Shrimp (lbs) - >50 shrimp/lb 46,964 197,517 0 7,281,101 8,586

Only trips with effort and vessel information

Total Shrimp (lbs) 37,240 122,198 0 2,714,620 8,586

Large Shrimp (lbs) < 25 shrimp/lb 12,704 35,912 0 879,560 8,586

Medium Shrimp (lbs) - 25-50 shrimp/lb 16,947 62,645 0 1,416,693 8,586

Small Shrimp (lbs) - >50 shrimp/lb 7,229 33,645 0 895,419 8,586



Discrete Choice Model

Fuel Price ($/gal) 2.133 0.655 1.356 5.010 8,875

Shrimp Price ($/lb) 4.516 1.356 1.734 7.008 8,875

Distance (km) 380.876 239.214 8.112 1563.327 89726250

Wave Height (normalized) 0.021 0.053 -0.072 0.777 88,750

Expected Revenue (normalized) -0.159 0.692 -2.586 9.720 266,250

Expected Catch (normalized) -0.192 0.661 -2.558 7.664 266,250



 

Table S1b. Descriptive statistics for data used in the time series analysis. Brown shrimp are sold in size 

classes that reflect the number of shrimp per pound (smaller number per pound indicate larger shrimp). 

Nominal prices are total monthly value of brown shrimp landings within the size class divided by total 

monthly landings within the size class. Nominal prices are converted to real prices using the U.S. 

Consumer Price Index for all urban consumers.  Diesel prices are real price per gallon from the Energy 

Information Agency. Sea surface temperature is the monthly simple average of daily simple average 

Gulf-wide sea surface temperature (SST) provided by NOAA 

http://www.aoml.noaa.gov/phod/regsatprod/gom/sst_ts.php. The mean SST for each day is uses 

satellite observations from http://www.remss.com/ in areas of the Gulf of Mexico with depth > 200m. 

The monthly hypoxia (interpolation 1) is linearly interpolated annual snapshot of aerial extent of hypoxia 

in square kilometers from June to the following June (5). Hypoxia (interpolation 2) is linearly 

interpolated annual snapshot of aerial extent of hypoxia in square kilometers from June down to 0 in 

December and up to the next year’s annual snapshot in the following June (5). 

 

  Variable Units Mean St. Dev. Min Max N 

 

  
                   

 Shrimp Price (<15/lb.) 2013 $/lb. 9.88 2.57 3.44 15.58 243 
 

 

 Shrimp Price (15-20/lb.) 2013 $/lb. 7.73 2.23 2.74 10.84 243   

 Shrimp Price (20-25/lb.) 2013 $/lb. 6.58 1.96 2.50 9.70 243   

 Shrimp Price (30-40/lb.) 2013 $/lb. 4.84 1.61 1.68 7.59 243   

 Shrimp Price (40-50/lb.) 2013 $/lb. 4.17 1.32 1.39 6.87 243   

 Shrimp Price (50-67/lb.) 2013 $/lb. 3.67 1.16 1.38 6.52 243   

 Diesel Fuel Price 2013 $/gal. 2.18 0.70 1.36 5.01 243   

 Sea Surface Temperature Degrees C 26.34 2.62 21.38 30.74 243   

 Hypoxia (Interpolation 1) 1,000 km2 16.05 4.45 3.80 23.20 243  
 

 Hypoxia (Interpolation 2) 1,000 km2 8.00 5.84 0.00 23.20 243  
 

  

http://www.aoml.noaa.gov/phod/regsatprod/gom/sst_ts.php
http://www.remss.com/


Table S2. Correlations of brown shrimp landings with measures of areal extent of hypoxia. 

Pearson's correlation coefficient with t-statistic reported below in parentheses.  

* and ** indicate statistically significant at the 10% and 5% levels respectively.

SEAMAP hypoxic areas calculated by summing the areas of all hypoxic subarea-depth polygons based on Summer and Fall surveys. 

Total landings include all size categories and unclassified landings. Small landings include pieces.

Total Large Medium Small

Hypoxia Measure Landings (<=25/lb)  (25-50 shrimp/lb)  (>50 shrimp/lb)

Obenour et al. (5) 1990-2009 -0.094 -0.132 -0.200 0.038

(-0.4004) (-0.5655) (-0.8642) (0.1617)

SEAMAP Summer 1986-2009 -0.089 -0.348 -0.155 0.136

(-0.4197) (-1.7401)* (-0.7382) (0.6417)

SEAMAP Fall 1986-2009 0.235 -0.320 0.146 0.503

(1.1364) (-1.5848) (0.6945) (2.7301)**

SEAMAP Summer and Fall Combined 1986-2009 0.121 -0.376 0.031 0.406

(0.5741) (-1.9021)* (0.1438) (2.0836)**



Table S3. Conditional Logit Results with Alternative-Specific Constants. The discrete choice model uses 

a stratified random sample of shrimp vessels (stratified on Gulf region and vessel size) and includes 31 

choices (30 fishing locations that are subarea/depth zone combinations and the choice of not to fish) 

based on landings data in the SHRCOM database. Wave Height is from National Data Buoy Center and 

varies over space (j) and time (t). Shrimp price uses the SHRCOM data to create a Gulf-wide aggregate 

index that varies only over time (t). Diesel Price is from the Energy Information Agency and varies only 

over time. Expected Revenue and Expected Catch are constructed from the SHRCOM dataset and vary 

over space (j) and time (t). Distance is calculated from each vessel’s primary port to each subarea/zone 

polygon centroid and varies over individual vessel (i) and space (j).  All coefficients are statistically 

significant at the 1% level, and all parameter signs conform to theoretical expectations. Alternative-

specific constants are solved for using contraction mapping and do not have associated standard errors 

(56). The constant for the choice of not fishing is normalized to zero.  

  Covariate Estimate 
St. 

Error 
t-

statistic   

            

 
Wave Height (j,t)      -2.220 0.042 -52.46 

 

 
Shrimp Price (t) 8.951 0.211 42.43 

 

 
Diesel Price (t)       -15.618 0.455 -34.30 

 

 
Expected Revenue (j,t)  0.257 0.004 66.36 

 

 
Expected Catch (j,t) 0.178 0.004 44.39 

 

 
Distance  (i,j)   -42.359 0.121 -350.14 

 

      

 
Alternative-Specific  Constants 

   

 
Site Estimate Site Estimate 

 

 

1 -5.57 16 -4.42 
 

 

2 -4.80 17 -4.17 
 

 

3 -6.71 18 -5.24 
 

 

4 -5.10 19 -5.45 
 

 

5 -5.33 20 -4.51 
 

 

6 -6.28 21 -5.71 
 

 

7 -5.28 22 -5.04 
 

 

8 -5.09 23 -3.35 
 

 

9 -5.99 24 -5.11 
 

 

10 -4.97 25 -5.49 
 

 

11 -4.56 26 -3.14 
 

 

12 -5.22 27 -4.58 
 

 

13 -4.85 28 -5.32 
 

 

14 -4.18 29 -2.76 
 

 

15 -5.27 30 -4.22 
  



Table S4. Treatment effects results - the effects of hypoxia on natural logarithm of total brown shrimp landings.

"Filtered" indicates data only includes records for which effort and vessel information is available. "All" indicates all records.

The t-statistc is reported below each coefficient in parentheses. All  tests are based on clustered standard errors.

*, **, and *** indicate statistically significant at the 10%, 5%, and 1% levels respectively.

Covariates Filtered All Filtered All Filtered All Filtered All

Contemporaneous Hypoxia 0.249 -0.00571 0.303 0.0549 0.201 0.0500 0.178 0.0686

(1.364) (-0.0254) (1.431) (0.279) (0.957) (0.237) (0.811) (0.323)

Hypoxia lag 1 -0.0728 -0.0207 -0.00618 -0.0148 -0.0200 -0.106

(-0.542) (-0.102) (-0.0322) (-0.0615) (-0.106) (-0.396)

Hypoxia lag 2 -0.0163 -0.0961 -0.0114 -0.154 -0.0625 -0.135

(-0.129) (-0.498) (-0.0579) (-0.574) (-0.290) (-0.423)

Hypoxia lag 3 0.0803 0.0126 0.158 0.0975 0.199 0.181

(0.505) (0.0698) (0.989) (0.439) (0.838) (0.625)

Hypoxia lag 4 -0.196 -0.0922 -0.173 0.0479

(-1.066) (-0.436) (-0.736) (0.208)

Hypoxia lag 5 0.0397 -0.0896 0.0936 -0.211

(0.175) (-0.524) (0.360) (-0.851)

Hypoxia lag 6 0.0641 0.0361 -0.0398 0.0784

(0.322) (0.160) (-0.150) (0.213)

Hypoxia lag 7 0.0760 0.0840

(0.265) (0.241)

Hypoxia lag 8 0.00254 0.177

(0.00977) (0.560)

Hypoxia lag 9 0.0627 -0.175

(0.226) (-0.654)

Hypoxia lag 10 -0.214 -0.0643

(-1.266) (-0.243)

Hypoxia lag 11 0.0584 0.319

(0.276) (1.081)

Hypoxia lag 12 0.159 0.179

(0.729) (0.747)

Predicted Effort 4.363*** 7.637*** 4.393*** 7.604*** 4.279*** 7.703*** 4.425*** 7.727***

(4.679) (3.840) (4.719) (3.879) (4.538) (3.775) (4.469) (3.955)

Yearly Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes

Monthly Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes

Subarea/Depth Zone Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes

Yearly and Subarea/Depth Zone Interaction Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes

Monthly and Subarea/Depth Zone Interaction Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes



Table S5. Treatment effects results - the effects of hypoxia on natural logarithm of large brown shrimp landings.

"Filtered" indicates data only includes records for which effort and vessel information is available. "All" indicates all records.

The t-statistc is reported below each coefficient in parentheses. All  tests are based on clustered standard errors.

*, **, and *** indicate statistically significant at the 10%, 5%, and 1% levels respectively.

Covariates Filtered All Filtered All Filtered All Filtered All

Contemporaneous Hypoxia 0.392** 0.153 0.497*** 0.257 0.366** 0.248 0.371* 0.276

(2.525) (0.743) (2.935) (1.373) (2.078) (1.218) (1.992) (1.237)

Hypoxia lag 1 -0.132 -0.0538 -0.0303 -0.136 -0.138 -0.203

(-1.030) (-0.291) (-0.185) (-0.571) (-0.764) (-0.767)

Hypoxia lag 2 -0.0319 -0.149 -0.0467 -0.131 0.0555 -0.124

(-0.266) (-0.899) (-0.272) (-0.584) (0.266) (-0.443)

Hypoxia lag 3 0.0275 0.0367 0.126 0.192 0.0370 0.214

(0.171) (0.213) (0.815) (0.965) (0.187) (0.942)

Hypoxia lag 4 -0.281 -0.139 -0.194 0.0117

(-1.454) (-0.874) (-0.755) (0.0503)

Hypoxia lag 5 0.150 -0.266 0.0126 -0.312

(0.815) (-1.544) (0.0548) (-1.271)

Hypoxia lag 6 -0.00223 0.163 0.170 0.132

(-0.0129) (0.833) (0.648) (0.396)

Hypoxia lag 7 -0.166 0.0258

(-0.717) (0.0827)

Hypoxia lag 8 0.137 0.212

(0.459) (0.676)

Hypoxia lag 9 -0.210 -0.0775

(-0.830) (-0.356)

Hypoxia lag 10 0.134 -0.116

(0.874) (-0.473)

Hypoxia lag 11 -0.203 0.304

(-0.944) (1.108)

Hypoxia lag 12 0.170 0.0892

(0.808) (0.328)

Predicted Effort 3.060*** 6.636*** 3.015*** 6.534*** 2.845*** 6.671*** 2.958*** 6.658***

(3.152) (3.915) (3.085) (4.023) (2.839) (3.888) (2.852) (4.062)

Yearly Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes

Monthly Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes

Subarea/Depth Zone Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes

Yearly and Subarea/Depth Zone Interaction Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes

Monthly and Subarea/Depth Zone Interaction Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes



Table S6. Treatment effects results - the effects of hypoxia on natural logarithm of medium brown shrimp landings.

"Filtered" indicates data only includes records for which effort and vessel information is available. "All" indicates all records.

The t-statistc is reported below each coefficient in parentheses. All  tests are based on clustered standard errors.

*, **, and *** indicate statistically significant at the 10%, 5%, and 1% levels respectively.

Covariates Filtered All Filtered All Filtered All Filtered All

Contemporaneous Hypoxia 0.264* 0.0311 0.202 0.202 0.111 0.111 0.111 0.111

(1.753) (0.164) (1.166) (1.166) (0.628) (0.628) (0.567) (0.567)

Hypoxia lag 1 -0.222 -0.222 -0.202 -0.202 -0.258 -0.258

(-1.156) (-1.156) (-0.906) (-0.906) (-1.099) (-1.099)

Hypoxia lag 2 -0.0324 -0.0324 -0.0401 -0.0401 -0.0328 -0.0328

(-0.169) (-0.169) (-0.157) (-0.157) (-0.108) (-0.108)

Hypoxia lag 3 0.0348 0.0348 0.211 0.211 0.300 0.300

(0.203) (0.203) (1.138) (1.138) (1.273) (1.273)

Hypoxia lag 4 -0.302* -0.302* -0.184 -0.184

(-1.724) (-1.724) (-0.731) (-0.731)

Hypoxia lag 5 -0.0602 -0.0602 -0.194 -0.194

(-0.435) (-0.435) (-1.009) (-1.009)

Hypoxia lag 6 0.0999 0.0999 0.136 0.136

(0.486) (0.486) (0.397) (0.397)

Hypoxia lag 7 0.0913 0.0913

(0.313) (0.313)

Hypoxia lag 8 0.151 0.151

(0.440) (0.440)

Hypoxia lag 9 -0.173 -0.173

(-0.774) (-0.774)

Hypoxia lag 10 -0.0823 -0.0823

(-0.300) (-0.300)

Hypoxia lag 11 0.399 0.399

(1.346) (1.346)

Hypoxia lag 12 0.0666 0.0666

(0.235) (0.235)

Predicted Effort 4.445*** 6.996*** 7.039*** 7.039*** 7.201*** 7.201*** 7.236*** 7.236***

(4.433) (3.535) (3.574) (3.574) (3.471) (3.471) (3.598) (3.598)

Yearly Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes

Monthly Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes

Subarea/Depth Zone Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes

Yearly and Subarea/Depth Zone Interaction Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes

Monthly and Subarea/Depth Zone Interaction Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes



Table S7. Treatment effects results - the effects of hypoxia on natural logarithm of small brown shrimp landings.

"Filtered" indicates data only includes records for which effort and vessel information is available. "All" indicates all records.

The t-statistc is reported below each coefficient in parentheses. All  tests are based on clustered standard errors.

*, **, and *** indicate statistically significant at the 10%, 5%, and 1% levels respectively.

Covariates Filtered All Filtered All Filtered All Filtered All

Contemporaneous Hypoxia -0.0615 -0.113 -0.104 -0.0141 -0.189 0.00678 -0.223 0.0178

(-0.401) (-0.721) (-0.546) (-0.113) (-0.975) (0.0448) (-1.077) (0.115)

Hypoxia lag 1 0.0587 -0.00465 0.140 -0.00888 0.121 -0.0519

(0.410) (-0.0291) (0.789) (-0.0457) (0.644) (-0.248)

Hypoxia lag 2 -0.00289 -0.240 0.0102 -0.232 -0.117 -0.294

(-0.0214) (-1.436) (0.0573) (-1.041) (-0.565) (-1.146)

Hypoxia lag 3 -0.0395 0.0223 0.0258 -0.00276 0.194 0.178

(-0.249) (0.147) (0.178) (-0.0148) (0.966) (0.766)

Hypoxia lag 4 -0.234 0.0270 -0.282 0.0716

(-1.383) (0.159) (-1.255) (0.394)

Hypoxia lag 5 0.0198 -0.0962 0.0281 -0.179

(0.0851) (-0.608) (0.110) (-0.716)

Hypoxia lag 6 0.179 0.144 0.0297 0.0738

(1.132) (0.879) (0.116) (0.289)

Hypoxia lag 7 0.213 0.248

(0.906) (0.903)

Hypoxia lag 8 -0.0950 0.0427

(-0.319) (0.178)

Hypoxia lag 9 -0.0126 -0.115

(-0.0498) (-0.442)

Hypoxia lag 10 -0.179 -0.0349

(-0.969) (-0.172)

Hypoxia lag 11 0.150 0.244

(0.751) (1.120)

Hypoxia lag 12 -0.0301 0.0898

(-0.142) (0.566)

Predicted Effort 4.165*** 6.260*** 4.263*** 6.412*** 4.222*** 6.444*** 4.438*** 6.520***

(3.752) (3.824) (3.847) (3.935) (3.765) (3.821) (3.746) (4.007)

Yearly Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes

Monthly Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes

Subarea/Depth Zone Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes

Yearly and Subarea/Depth Zone Interaction Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes

Monthly and Subarea/Depth Zone Interaction Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes



Table S8. Panel data models of fishing effort with low mean hypoxia measure. Hypoxia measure is mean DO < 1.5 mg/l in the 

month-zone-depth unit of observation. Standard errors are in parentheses.  

                                                                                                                                                                     

 Dependent variable: Fishing Effort (Total Days Fished) 

  

 
 (1) (2) (3) (4) (5) (6) 

Contemporaneous 

Hypoxia 
-20.778 -29.417 -4.664 -7.256 10.094 -2.733 

 (18.639) (19.193) (28.365) (29.197) (33.362) (36.083) 

Hypoxia lag 1month   -33.305 12.412 2.038 8.513 
   (27.975) (37.089) (44.345) (48.829) 

Hypoxia lag 2 months    -77.255** -72.883* -62.493 
    (37.089) (41.220) (48.829) 

Hypoxia lag 3 months    29.057 -13.886 -4.462 
    (28.828) (37.223) (48.829) 

Hypoxia lag 4 months     69.640* 35.269 
     (41.184) (53.624) 

Hypoxia lag 5 months     -23.959 -17.934 
     (44.242) (56.148) 

Hypoxia lag 6 months     7.445 28.868 
     (32.863) (56.148) 

Hypoxia lag 7 months      12.918 
      (56.148) 

Hypoxia lag 8 months      -48.552 
      (53.497) 

Hypoxia lag 9 months      10.928 



      (48.636) 

Hypoxia lag 10 months      38.915 
      (48.636) 

Hypoxia lag 11 months      17.159 
      (48.636) 

Hypoxia lag 12 months      -27.938 
      (35.581) 
       

Hypoxia spatial lag  21.574* 21.573* 21.788* 19.034 16.842 
  (11.461) (11.485) (11.534) (11.725) (11.890) 

Observations 8,760 8,760 8,710 8,610 8,460 8,160 

R2 0.0001 0.001 0.001 0.001 0.002 0.002 

Adjusted R2 0.0001 0.001 0.001 0.001 0.002 0.002 

F Statistic 
1.243 (df = 1; 

8436) 

2.393* (df = 2; 

8435) 

2.070 (df = 3; 

8385) 

2.136* (df = 5; 

8285) 

1.641 (df = 8; 

8135) 

1.055 (df = 14; 

7839) 

Note: *p<0.1; **p<0.05; ***p<0.01 

 



Table S9. Panel data models of fishing effort with typical mean hypoxia measure. Hypoxia measure is mean DO < 2.0 mg/l in the 

month-zone-depth unit of observation. Standard errors are in parentheses.  

                                                                                                                                                                     

 Dependent variable: Fishing Effort (Total Days Fished) 

  
 (1) (2) (3) (4) (5) (6) 

Contemporaneous 

Hypoxia 
-19.015 -22.347 -11.260 -10.529 -0.248 -5.609 

 (15.320) (15.879) (23.257) (23.956) (27.198) (30.063) 

Hypoxia lag 1month   -15.051 18.096 16.445 11.214 
   (22.871) (30.292) (36.005) (40.829) 

Hypoxia lag 2 months    -68.598** -64.848* -67.059 
    (30.292) (33.554) (40.829) 

Hypoxia lag 3 months    36.284 -8.694 1.666 
    (23.587) (30.397) (40.829) 

Hypoxia lag 4 months     60.603* 35.687 
     (33.529) (44.813) 

Hypoxia lag 5 months     -9.680 -10.606 
     (35.915) (46.830) 

Hypoxia lag 6 months     5.996 19.439 
     (26.716) (46.830) 

Hypoxia lag 7 months      22.159 
      (46.830) 

Hypoxia lag 8 months      -36.442 
      (44.690) 

Hypoxia lag 9 months      -5.034 
      (40.664) 



Hypoxia lag 10 months      28.525 
      (40.664) 

Hypoxia lag 11 months      17.063 
      (40.664) 

Hypoxia lag 12 months      -13.913 
      (29.707) 

Hypoxia spatial lag  7.370 7.438 7.612 6.690 1.064 
  (9.235) (9.255) (9.294) (9.427) (9.612) 

Observations 8,760 8,760 8,710 8,610 8,460 8,160 

R2 0.0002 0.0003 0.0003 0.001 0.002 0.002 

Adjusted R2 0.0002 0.0002 0.0003 0.001 0.002 0.002 

F Statistic 
1.541 (df = 1; 

8436) 

1.089 (df = 2; 

8435) 

0.874 (df = 3; 

8385) 

1.538 (df = 5; 

8285) 

1.620 (df = 8; 

8135) 

1.336 (df = 14; 

7839) 

Note: *p<0.1; **p<0.05; ***p<0.01 

 



Table S10. Panel data models of fishing effort with high mean hypoxia measure. Hypoxia measure is mean DO < 2.5 mg/l in the 

month-zone-depth unit of observation. Standard errors are in parentheses.  

                                                                                                                                                                     

 Dependent variable: Fishing Effort (Total Days Fished) 

  
 (1) (2) (3) (4) (5) (6) 

Contemporaneous 

hypoxia 
-35.910*** -37.729*** -29.734 -31.905 -29.260 -34.332 

 (12.432) (12.893) (18.830) (19.410) (22.111) (24.319) 

Hypoxia lag 1 month   -10.952 23.703 32.843 18.004 
   (18.534) (24.535) (29.240) (32.989) 

Hypoxia lag 2 months    -58.516** -60.968** -61.831* 
    (24.535) (27.224) (32.989) 

Hypoxia lag 3 months    21.707 -13.986 6.374 
    (19.120) (24.618) (32.989) 

Hypoxia lag 4 months     34.850 10.152 
     (27.217) (36.394) 

Hypoxia lag 5 months     18.729 -3.817 
     (29.172) (38.184) 

Hypoxia lag 6 months     -8.546 15.520 
     (21.685) (38.184) 

Hypoxia lag 7 months      35.001 
      (38.184) 

Hypoxia lag 8 months      -42.374 
      (36.289) 

Hypoxia lag 9 months      -30.650 
      (32.848) 



Hypoxia lag 10 months      37.491 
      (32.848) 

Hypoxia lag 11 months      13.175 
      (32.848) 

Hypoxia lag 12 months      -19.225 
      (23.971) 

Hypoxia spatial lag  3.833 3.957 3.962 3.766 -0.507 
  (7.198) (7.214) (7.245) (7.380) (7.535) 

Observations 8,760 8,760 8,710 8,610 8,460 8,160 

R2 0.001 0.001 0.001 0.002 0.003 0.004 

Adjusted R2 0.001 0.001 0.001 0.002 0.002 0.004 

F Statistic 
8.344*** (df = 1; 

8436) 

4.314** (df = 2; 

8435) 

2.992** (df = 3; 

8385) 

2.953** (df = 5; 

8285) 

2.558*** (df = 8; 

8135) 

2.529*** (df = 14; 

7839) 

Note: *p<0.1; **p<0.05; ***p<0.01 

 



Table S11. Panel data models of fishing effort with low threshold hypoxia measure. Hypoxia measure is minimum DO < 1.5 mg/l 

in the month-zone-depth unit of observation. Standard errors are in parentheses.  

                                                                                                                                                                     

 Dependent variable: Fishing Effort (Total Days Fished) 

 

 (1) (2) (3) (4) (5) (6) 

Contemporaneous 

hypoxia 
33.823*** 26.172** 30.755** 17.393 35.305** 30.659 

 (10.221) (10.621) (15.435) (15.907) (17.921) (20.051) 

Hypoxia lag 1 month   -6.673 29.030 28.510 21.009 
   (15.164) (20.036) (23.659) (27.252) 

Hypoxia lag 2 months    -11.352 -54.124** -38.112 
    (20.036) (22.109) (27.252) 

Hypoxia lag 3 months    -38.047** -25.269 -31.165 
    (15.660) (20.061) (27.252) 

Hypoxia lag 4 months     45.292** 50.716* 
     (22.149) (30.065) 

Hypoxia lag 5 months     -1.989 -13.804 
     (23.726) (31.515) 

Hypoxia lag 6 months     -82.761*** -58.511* 
     (17.703) (31.515) 

Hypoxia lag 7 months      -21.415 
      (31.515) 

Hypoxia lag 8 months      18.087 
      (30.080) 

Hypoxia lag 9 months      -15.430 
      (27.298) 



Hypoxia lag 10 months      38.079 
      (27.298) 

Hypoxia lag 11 months      29.426 
      (27.298) 

Hypoxia lag 12 months      -11.544 
      (19.954) 

Hypoxia spatial lag  14.363*** 14.534*** 14.053** 12.243** 12.201** 
  (5.441) (5.457) (5.487) (5.562) (5.704) 

Observations 8,760 8,760 8,710 8,610 8,460 8,160 

R2 0.001 0.002 0.002 0.004 0.009 0.012 

Adjusted R2 0.001 0.002 0.002 0.004 0.008 0.011 

F Statistic 
10.950*** (df = 1; 

8436) 

8.963*** (df = 2; 

8435) 

6.015*** (df = 3; 

8385) 

6.168*** (df = 5; 

8285) 

9.005*** (df = 8; 

8135) 

6.600*** (df = 14; 

7839) 

Note: *p<0.1; **p<0.05; ***p<0.01 

 



Table S12. Panel data models of fishing effort with typical threshold hypoxia measure. Hypoxia measure is minimum DO < 2.0 

mg/l in the month-zone-depth unit of observation. Standard errors are in 

parentheses.                                                                                                                                                                    

 Dependent variable: Fishing Effort (Total Days Fished) 

  
 (1) (2) (3) (4) (5) (6) 

Contemporaneous 

hypoxia 
32.867*** 26.339** 31.225** 17.950 36.786** 32.733 

 (10.226) (10.629) (15.332) (15.816) (17.898) (20.168) 

Hypoxia lag 1 month   -7.112 29.264 26.680 17.016 
   (15.046) (19.851) (23.598) (27.415) 

Hypoxia lag 2 months    -14.643 -55.858** -39.785 
    (19.851) (22.003) (27.415) 

Hypoxia lag 3 months    -35.431** -23.673 -28.922 
 

   (15.562) (19.878) (27.415) 

Hypoxia lag 4 months     46.084** 53.366* 
     (22.046) (30.387) 

Hypoxia lag 5 months     -5.795 -20.963 
     (23.673) (31.917) 

Hypoxia lag 6 months     -78.416*** -52.954* 
     (17.685) (31.917) 

Hypoxia lag 7 months      -19.254 
      (31.917) 

Hypoxia lag 8 months      19.318 
      (30.409) 

Hypoxia lag 9 months      -19.291 
      (27.482) 



Hypoxia lag 10 months      35.837 
      (27.482) 

Hypoxia lag 11 months      29.219 
      (27.482) 

Hypoxia lag 12 months      -7.222 
      (20.076) 

Hypoxia spatial lag  12.291** 12.464** 11.826** 9.851* 9.818* 
  (5.476) (5.493) (5.525) (5.603) (5.740) 

Observations 8,760 8,760 8,710 8,610 8,460 8,160 

R2 0.001 0.002 0.002 0.003 0.008 0.011 

Adjusted R2 0.001 0.002 0.002 0.003 0.008 0.010 

F Statistic 
10.330*** (df = 1; 

8436) 

7.687*** (df = 2; 

8435) 

5.178*** (df = 3; 

8385) 

5.633*** (df = 5; 

8285) 

8.380*** (df = 8; 

8135) 

6.102*** (df = 14; 

7839) 

Note: *p<0.1; **p<0.05; ***p<0.01 

 

                                                                                                                                                                    



Table S13. Panel data models of fishing effort with high threshold hypoxia measure. Hypoxia measure is minimum DO < 2.5 

mg/l in the month-zone-depth unit of observation. Standard errors are in parentheses.  

                                                                                                                                                                  

 Dependent variable: Fishing Effort (Total Days Fished) 

  

 
 (1) (2) (3) (4) (5) (6) 

Contemporaneous 

hypoxia 
32.342*** 24.259** 32.755** 19.020 38.422** 29.776 

 (10.321) (10.801) (15.578) (16.055) (18.113) (20.497) 

Hypoxia lag 1 month   -11.990 29.983 27.105 18.292 
   (15.239) (20.111) (23.817) (27.833) 

Hypoxia lag 2 months    -22.784 -62.860*** -42.526 
    (20.111) (22.240) (27.833) 

Hypoxia lag 3 months    -33.452** -25.345 -27.248 

    (15.754) (20.142) (27.833) 

Hypoxia lag 4 months     50.436** 48.155 
     (22.282) (30.737) 

Hypoxia lag 5 months     -6.416 -20.025 
     (23.893) (32.202) 

Hypoxia lag 6 months     -77.041*** -45.805 
     (17.859) (32.202) 

Hypoxia lag 7 months      -15.076 
      (32.202) 

Hypoxia lag 8 months      6.665 
      (30.777) 

Hypoxia lag 9 months      -17.394 
      (27.935) 



Hypoxia lag 10 months      46.069* 
      (27.935) 

Hypoxia lag 11 months      34.981 
      (27.935) 

Hypoxia lag 12 months      -14.200 
      (20.394) 

Hypoxia spatial lag  13.910** 14.062** 13.377** 11.745** 11.747** 
  (5.498) (5.515) (5.546) (5.627) (5.768) 

Observations 8,760 8,760 8,710 8,610 8,460 8,160 

R2 0.001 0.002 0.002 0.004 0.008 0.012 

Adjusted R2 0.001 0.002 0.002 0.004 0.008 0.011 

F Statistic 
9.820*** (df = 1; 

8436) 

8.114*** (df = 2; 

8435) 

5.607*** (df = 3; 

8385) 

6.230*** (df = 5; 

8285) 

8.484*** (df = 8; 

8135) 

6.595*** (df = 14; 

7839) 

Note: *p<0.1; **p<0.05; ***p<0.01 

 



Table S14. Stationarity tests of shrimp prices.  A data series with a stable probability 
distribution is said to be stationary. Stationarity is a requirement for ordinary statistical 
inference. All tests indicate that times series of the natural logarithm of price for each shrimp 
size class are non-stationary in levels but are stationary after first differencing. The ** indicates 
significance at the 1% level.  In the Augmented Dickey Fuller test (45) (top), the null hypothesis 
is that the distribution of the data series is non-stationary. Testing the natural logarithm of each 
brown shrimp monthly price time series, we fail to reject the null of non-stationarity in all cases. 
After first differencing, we reject the null in all cases. In the KPSS (46) test (bottom), the null 
hypothesis is that the data series is stationary. In levels, we reject the null hypothesis in all 
cases. After differencing, we fail to reject the null in all cases. These results are consistent with 
previously published results for a different window of time (26). 
 

Augmented Dickey Fuller Test 
Statistics Levels 

1st 
Difference 

Shrimp Price (<15/lb.) -1.240 -4.764** 

Shrimp Price (15-20/lb.) -1.029  -7.095**  

Shrimp Price (20-25/lb.) -0.861   -6.191**  

Shrimp Price (30-40/lb.) -1.425   -8.089** 

Shrimp Price (40-50/lb.) -1.269  -4.566** 

Shrimp Price (50-67/lb.) -1.505  -7.421**  

   

   

KPSS Test Statistics Levels 
1st 

Difference 

Shrimp Price (<15/lb.) 5.587** 0.087 

Shrimp Price (15-20/lb.) 5.913** 0.140 

Shrimp Price (20-25/lb.) 6.218** 0.092 

Shrimp Price (30-40/lb.) 6.239** 0.064 

Shrimp Price (40-50/lb.) 5.878** 0.022 

Shrimp Price (50-67/lb.) 5.860** 0.028 

 



Table S15. Bivariate Johanssen cointegration tests. Nonstationary data series will have the 
same distribution at each observation if there is an equilibrating force that makes them move 
together over the long run. Such data series are said to be cointegrated (47). Johansen tests 
indicate that all pairs of large (L) and small (S) shrimp prices (in natural logarithms) are 
cointegrated, i.e. have stable long-run relationships (27). (A) reports the L and S price size 
classes for which each cointegration test is conducted. (B) is the number of lags used in the test 
selected by the Akaike’s Information Criterion (AIC). (C) and (D) are the test statistics and 
corresponding P-values for whether the bivariate systems have rank 0, i.e. no cointegration 
vectors.  (E) and (F) are the test statistics and corresponding P-values for whether the bivariate 
systems have rank 1, i.e. one cointegration vector. (G) is the P-value for a test of whether the 
relative prices are stable, i.e. Law of One Price holds. The results indicate one cointegration 
vector in all relationships; an equilibrium relationship exist between the prices for all sizes. The 
null hypothesis that the prices are proportional cannot be rejected. 
 

  Size Classes Lags 
Rank 0 

Stat P-value 
Rank 1 

Stat P-value 
LOP P-
value   

 
(A) (B) (C) (D) (E) (F) (G) 

                   

 
L < 15, S 30-40 2 19.44 0.01 1.68 0.20 0.06 

 
 

L < 15, S 40-50 1 37.61 0.00 1.63 0.20 0.60 
 

 

L < 15, S 50-67 4 17.63 0.02 1.78 0.18 0.59 
 

 

L 15-20, S 30-40 12 22.96 0.00 1.00 0.32 0.56 
 

 

L 15-20, S 40-50 12 13.24 0.11 0.96 0.33 0.17 
 

 

L 15-20, S 50-67 4 17.02 0.03 1.14 0.29 0.12 
 

 

L 20-25, S 30-40 12 29.49 0.00 0.83 0.36 0.17 
 

 

L 20-25, S 40-50 12 18.47 0.02 1.00 0.32 0.20 
 

 

L 20-25, S 50-67 3 28.82 0.00 2.52 0.11 0.18 
  



Table S16. Time series results using natural logarithm of shrimp prices 

Areal extent of hypoxia (bottom DO < 2.0 mg/l), weighted least squares based on landed quantity of large shrimp size class

*, **, and *** indicate significant at the 10%, 5%, and 1% level respectively

Dependent Variable: Large Price Level Dependent Variable: Relative Price (Large/Small)

Hypoxia Fuel Hypoxia Fuel

Large Size Small Size Coeff. t-stat. Sig. Coeff. t-stat. Sig. Coeff. t-stat. Sig. Coeff. t-stat. Sig.

Interpolation 1

< 15 shrimp/lb. 30-40 shrimp/lb. 0.005 1.35 -0.117 -1.68 * 0.000 0.10 0.170 2.22 **

< 15 shrimp/lb. 40-50 shrimp/lb. 0.008 1.84 * -0.212 -3.57 *** 0.003 0.84 0.052 0.70

< 15 shrimp/lb. 50-67 shrimp/lb. 0.010 2.09 ** -0.251 -3.68 *** 0.007 1.64 0.014 0.19

15-20 shrimp/lb. 30-40 shrimp/lb. 0.007 2.55 ** -0.182 -2.61 *** 0.004 1.67 * 0.010 0.17

15-20 shrimp/lb. 40-50 shrimp/lb. 0.009 3.25 *** -0.282 -4.47 *** 0.006 2.34 ** -0.088 -1.58

15-20 shrimp/lb. 50-67 shrimp/lb. 0.012 3.12 *** -0.327 -4.18 *** 0.009 2.80 *** -0.130 -2.07 **

20-25 shrimp/lb. 30-40 shrimp/lb. 0.005 2.82 *** -0.156 -2.84 *** 0.003 1.18 0.022 0.44

20-25 shrimp/lb. 40-50 shrimp/lb. 0.007 3.52 *** -0.243 -4.49 *** 0.004 1.46 -0.040 -0.82

20-25 shrimp/lb. 50-67 shrimp/lb. 0.010 3.63 *** -0.284 -4.31 *** 0.008 2.58 ** -0.088 -1.67 *

Interpolation 2

< 15 shrimp/lb. 30-40 shrimp/lb. 0.009 1.47 -0.121 -1.69 * 0.004 0.71 0.171 2.19 **

< 15 shrimp/lb. 40-50 shrimp/lb. 0.009 1.63 -0.215 -3.57 *** 0.004 0.79 0.049 0.66

< 15 shrimp/lb. 50-67 shrimp/lb. 0.013 1.89 * -0.256 -3.68 *** 0.009 1.64 0.008 0.11

15-20 shrimp/lb. 30-40 shrimp/lb. 0.010 2.58 ** -0.182 -2.57 ** 0.007 2.52 ** 0.009 0.14

15-20 shrimp/lb. 40-50 shrimp/lb. 0.010 2.94 *** -0.284 -4.31 *** 0.007 2.39 ** -0.093 -1.62

15-20 shrimp/lb. 50-67 shrimp/lb. 0.014 2.81 *** -0.331 -4.10 *** 0.011 2.95 *** -0.138 -2.10 **

20-25 shrimp/lb. 30-40 shrimp/lb. 0.006 2.62 *** -0.153 -2.69 *** 0.004 1.30 0.021 0.42

20-25 shrimp/lb. 40-50 shrimp/lb. 0.007 2.56 ** -0.239 -4.21 *** 0.004 0.97 -0.042 -0.84

20-25 shrimp/lb. 50-67 shrimp/lb. 0.010 2.90 *** -0.282 -4.15 *** 0.008 2.07 ** -0.090 -1.66 *



Table S17. Time series results using natural logarithm of shrimp prices 

Areal extent of hypoxia (bottom DO < 2.0 mg/l), Newey-West standard errors

*, **, and *** indicate significant at the 10%, 5%, and 1% level respectively

Dependent Variable: Large Price Level Dependent Variable: Relative Price (Large/Small)

Hypoxia Fuel Hypoxia Fuel

Large Size Small Size Coeff. t-stat. Sig. Coeff. t-stat. Sig. Coeff. t-stat. Sig. Coeff. t-stat. Sig.

Interpolation 1

< 15 shrimp/lb. 30-40 shrimp/lb. 0.003 1.04 -0.15 -2.99 *** -0.002 -0.52 0.13 1.89 *

< 15 shrimp/lb. 40-50 shrimp/lb. 0.005 1.62 -0.24 -5.59 *** 0.001 0.25 0.02 0.31

< 15 shrimp/lb. 50-67 shrimp/lb. 0.007 1.92 * -0.25 -4.75 *** 0.003 1.04 0.01 0.17

15-20 shrimp/lb. 30-40 shrimp/lb. 0.007 2.59 ** -0.18 -2.89 *** 0.003 1.31 0.02 0.39

15-20 shrimp/lb. 40-50 shrimp/lb. 0.009 3.04 *** -0.29 -3.92 *** 0.006 1.97 * -0.09 -1.73 *

15-20 shrimp/lb. 50-67 shrimp/lb. 0.011 2.99 *** -0.30 -3.35 *** 0.008 2.32 ** -0.10 -1.59

20-25 shrimp/lb. 30-40 shrimp/lb. 0.004 2.23 ** -0.13 -2.48 ** 0.002 0.72 0.04 0.88

20-25 shrimp/lb. 40-50 shrimp/lb. 0.006 2.66 *** -0.24 -3.63 *** 0.004 1.44 -0.07 -1.60

20-25 shrimp/lb. 50-67 shrimp/lb. 0.009 2.85 *** -0.26 -3.02 *** 0.007 2.06 ** -0.08 -1.47

Interpolation 2

< 15 shrimp/lb. 30-40 shrimp/lb. 0.005 1.25 -0.15 -2.97 *** 0.001 0.29 0.13 1.85 *

< 15 shrimp/lb. 40-50 shrimp/lb. 0.006 1.44 -0.24 -5.45 *** 0.002 0.43 0.02 0.30

< 15 shrimp/lb. 50-67 shrimp/lb. 0.008 1.67 * -0.25 -4.63 *** 0.005 1.09 0.01 0.13

15-20 shrimp/lb. 30-40 shrimp/lb. 0.009 2.61 *** -0.18 -2.76 *** 0.006 2.07 ** 0.02 0.35

15-20 shrimp/lb. 40-50 shrimp/lb. 0.010 2.78 *** -0.28 -3.68 *** 0.007 2.13 ** -0.09 -1.73 *

15-20 shrimp/lb. 50-67 shrimp/lb. 0.012 2.66 *** -0.30 -3.17 *** 0.010 2.32 ** -0.11 -1.59

20-25 shrimp/lb. 30-40 shrimp/lb. 0.005 2.20 ** -0.13 -2.37 ** 0.003 1.19 0.04 0.85

20-25 shrimp/lb. 40-50 shrimp/lb. 0.006 2.03 ** -0.24 -3.41 *** 0.003 1.06 -0.08 -1.60

20-25 shrimp/lb. 50-67 shrimp/lb. 0.009 2.26 ** -0.26 -2.86 *** 0.006 1.71 * -0.09 -1.46



Table S18. Time series results using natural logarithm of shrimp prices 

Areal extent of hypoxia (bottom DO < 1.5 mg/l), weighted least squares based on landed quantity of large shrimp size class

*, **, and *** indicate significant at the 10%, 5%, and 1% level respectively

Dependent Variable: Large Price Level Dependent Variable: Relative Price (Large/Small)

Hypoxia Fuel Hypoxia Fuel

Large Size Small Size Coeff. t-stat. Sig. Coeff. t-stat. Sig. Coeff. t-stat. Sig. Coeff. t-stat. Sig.

Interpolation 1

< 15 shrimp/lb. 30-40 shrimp/lb. 0.001 0.29 -0.10 -1.46 -0.004 -1.09 0.16 2.21 **

< 15 shrimp/lb. 40-50 shrimp/lb. 0.004 1.11 -0.20 -3.30 *** 0.000 0.04 0.05 0.65

< 15 shrimp/lb. 50-67 shrimp/lb. 0.008 1.68 * -0.24 -3.50 *** 0.005 1.11 0.01 0.18

15-20 shrimp/lb. 30-40 shrimp/lb. 0.007 2.70 *** -0.18 -2.47 ** 0.004 1.35 0.01 0.15

15-20 shrimp/lb. 40-50 shrimp/lb. 0.010 3.30 *** -0.27 -4.33 *** 0.007 2.21 ** -0.09 -1.52

15-20 shrimp/lb. 50-67 shrimp/lb. 0.013 3.43 *** -0.32 -4.14 *** 0.011 2.94 *** -0.13 -2.00 **

20-25 shrimp/lb. 30-40 shrimp/lb. 0.006 3.03 *** -0.15 -2.74 *** 0.003 1.09 0.02 0.45

20-25 shrimp/lb. 40-50 shrimp/lb. 0.008 3.30 *** -0.24 -4.40 *** 0.005 1.46 -0.04 -0.76

20-25 shrimp/lb. 50-67 shrimp/lb. 0.012 3.83 *** -0.28 -4.35 *** 0.010 2.64 *** -0.08 -1.57

Interpolation 2

< 15 shrimp/lb. 30-40 shrimp/lb. 0.004 0.64 -0.11 -1.49 -0.002 -0.33 0.17 2.25 **

< 15 shrimp/lb. 40-50 shrimp/lb. 0.005 0.82 -0.20 -3.31 *** -0.001 -0.18 0.05 0.64

< 15 shrimp/lb. 50-67 shrimp/lb. 0.009 1.40 -0.25 -3.47 *** 0.005 0.89 0.01 0.09

15-20 shrimp/lb. 30-40 shrimp/lb. 0.011 3.01 *** -0.18 -2.47 ** 0.008 2.55 ** 0.01 0.13

15-20 shrimp/lb. 40-50 shrimp/lb. 0.012 3.15 *** -0.28 -4.23 *** 0.008 2.30 ** -0.09 -1.61

15-20 shrimp/lb. 50-67 shrimp/lb. 0.016 3.13 *** -0.33 -4.09 *** 0.014 3.02 *** -0.14 -2.09 **

20-25 shrimp/lb. 30-40 shrimp/lb. 0.007 3.16 *** -0.15 -2.61 *** 0.005 1.44 0.02 0.42

20-25 shrimp/lb. 40-50 shrimp/lb. 0.008 2.46 ** -0.24 -4.12 *** 0.005 0.98 -0.04 -0.82

20-25 shrimp/lb. 50-67 shrimp/lb. 0.012 3.05 *** -0.28 -4.16 *** 0.010 2.09 ** -0.09 -1.63



Table S19. Time series results using natural logarithm of shrimp prices 

Areal extent of hypoxia (bottom DO < 1.5 mg/l), Newey-West standard errors

*, **, and *** indicate significant at the 10%, 5%, and 1% level respectively

Dependent Variable: Large Price Level Dependent Variable: Relative Price (Large/Small)

Hypoxia Fuel Hypoxia Fuel

Large Size Small Size Coeff. t-stat. Sig. Coeff. t-stat. Sig. Coeff. t-stat. Sig. Coeff. t-stat. Sig.

Interpolation 1

< 15 shrimp/lb. 30-40 shrimp/lb. 0.000 -0.19 -0.14 -2.78 *** -0.005 -1.69 * 0.12 1.93 *

< 15 shrimp/lb. 40-50 shrimp/lb. 0.002 0.76 -0.23 -5.32 *** -0.002 -0.66 0.02 0.26

< 15 shrimp/lb. 50-67 shrimp/lb. 0.005 1.43 -0.24 -4.57 *** 0.002 0.44 0.01 0.16

15-20 shrimp/lb. 30-40 shrimp/lb. 0.006 2.72 *** -0.17 -2.72 *** 0.002 0.91 0.02 0.40

15-20 shrimp/lb. 40-50 shrimp/lb. 0.009 3.18 *** -0.28 -3.86 *** 0.006 1.86 * -0.09 -1.67 *

15-20 shrimp/lb. 50-67 shrimp/lb. 0.012 3.27 *** -0.29 -3.32 *** 0.009 2.46 ** -0.09 -1.52

20-25 shrimp/lb. 30-40 shrimp/lb. 0.004 2.03 ** -0.12 -2.36 ** 0.001 0.39 0.04 0.87

20-25 shrimp/lb. 40-50 shrimp/lb. 0.007 2.56 ** -0.24 -3.60 *** 0.004 1.40 -0.07 -1.54

20-25 shrimp/lb. 50-67 shrimp/lb. 0.010 2.95 *** -0.25 -3.02 *** 0.008 2.19 ** -0.08 -1.40

Interpolation 2

< 15 shrimp/lb. 30-40 shrimp/lb. 0.001 0.38 -0.15 -2.82 *** -0.003 -0.70 0.13 1.92 *

< 15 shrimp/lb. 40-50 shrimp/lb. 0.002 0.62 -0.23 -5.25 *** -0.002 -0.51 0.02 0.30

< 15 shrimp/lb. 50-67 shrimp/lb. 0.005 1.18 -0.24 -4.46 *** 0.002 0.41 0.01 0.13

15-20 shrimp/lb. 30-40 shrimp/lb. 0.010 3.10 *** -0.17 -2.72 *** 0.007 2.03 ** 0.02 0.37

15-20 shrimp/lb. 40-50 shrimp/lb. 0.011 3.10 *** -0.28 -3.70 *** 0.008 2.13 ** -0.09 -1.71 *

15-20 shrimp/lb. 50-67 shrimp/lb. 0.014 2.96 *** -0.30 -3.21 *** 0.012 2.45 ** -0.10 -1.59

20-25 shrimp/lb. 30-40 shrimp/lb. 0.006 2.53 ** -0.12 -2.34 ** 0.003 1.23 0.04 0.86

20-25 shrimp/lb. 40-50 shrimp/lb. 0.007 2.12 ** -0.24 -3.43 *** 0.004 1.18 -0.08 -1.59

20-25 shrimp/lb. 50-67 shrimp/lb. 0.011 2.42 ** -0.25 -2.91 *** 0.008 1.88 * -0.09 -1.46



Table S20. Time series results using natural logarithm of shrimp prices 

Areal extent of hypoxia (bottom DO < 2.5 mg/l), weighted least squares based on landed quantity of large shrimp size class

*, **, and *** indicate significant at the 10%, 5%, and 1% level respectively

Dependent Variable: Large Price Level Dependent Variable: Relative Price (Large/Small)

Hypoxia Fuel Hypoxia Fuel

Large Size Small Size Coeff. t-stat. Sig. Coeff. t-stat. Sig. Coeff. t-stat. Sig. Coeff. t-stat. Sig.

Interpolation 1

< 15 shrimp/lb. 30-40 shrimp/lb. 0.007 1.72 * -0.13 -1.96 * 0.002 0.69 0.17 2.23 **

< 15 shrimp/lb. 40-50 shrimp/lb. 0.008 2.22 ** -0.23 -3.91 *** 0.004 1.47 0.05 0.67

< 15 shrimp/lb. 50-67 shrimp/lb. 0.010 2.33 ** -0.27 -3.88 *** 0.007 2.10 ** 0.01 0.10

15-20 shrimp/lb. 30-40 shrimp/lb. 0.006 2.23 ** -0.19 -2.74 *** 0.003 1.57 0.01 0.11

15-20 shrimp/lb. 40-50 shrimp/lb. 0.008 3.06 *** -0.29 -4.60 *** 0.005 2.42 ** -0.09 -1.70 *

15-20 shrimp/lb. 50-67 shrimp/lb. 0.010 2.93 *** -0.34 -4.24 *** 0.008 2.83 *** -0.14 -2.19 **

20-25 shrimp/lb. 30-40 shrimp/lb. 0.005 2.66 *** -0.16 -2.98 *** 0.003 1.25 0.02 0.39

20-25 shrimp/lb. 40-50 shrimp/lb. 0.006 3.96 *** -0.25 -4.67 *** 0.004 1.69 * -0.04 -0.93

20-25 shrimp/lb. 50-67 shrimp/lb. 0.008 3.80 *** -0.29 -4.35 *** 0.007 2.88 *** -0.09 -1.83 *

Interpolation 2

< 15 shrimp/lb. 30-40 shrimp/lb. -0.133 -1.91 * -0.13 -1.91 * 0.005 1.26 0.17 2.20 **

< 15 shrimp/lb. 40-50 shrimp/lb. -0.227 -3.84 *** -0.23 -3.84 *** 0.005 1.51 0.05 0.64

< 15 shrimp/lb. 50-67 shrimp/lb. -0.268 -3.85 *** -0.27 -3.85 *** 0.009 2.27 ** 0.00 0.07

15-20 shrimp/lb. 30-40 shrimp/lb. -0.188 -2.63 *** -0.19 -2.63 *** 0.005 2.26 ** 0.01 0.10

15-20 shrimp/lb. 40-50 shrimp/lb. -0.290 -4.37 *** -0.29 -4.37 *** 0.006 2.52 ** -0.10 -1.68 *

15-20 shrimp/lb. 50-67 shrimp/lb. -0.338 -4.12 *** -0.34 -4.12 *** 0.009 3.07 *** -0.14 -2.17 **

20-25 shrimp/lb. 30-40 shrimp/lb. -0.157 -2.80 *** -0.16 -2.80 *** 0.003 1.26 0.02 0.40

20-25 shrimp/lb. 40-50 shrimp/lb. -0.244 -4.37 *** -0.24 -4.37 *** 0.004 1.22 -0.04 -0.89

20-25 shrimp/lb. 50-67 shrimp/lb. -0.287 -4.20 *** -0.29 -4.20 *** 0.007 2.43 ** -0.09 -1.76 *



Table S21. Time series results using natural logarithm of shrimp prices 

Areal extent of hypoxia (bottom DO < 2.5 mg/l), Newey-West standard errors

*, **, and *** indicate significant at the 10%, 5%, and 1% level respectively

Dependent Variable: Large Price Level Dependent Variable: Relative Price (Large/Small)

Hypoxia Fuel Hypoxia Fuel

Large Size Small Size Coeff. t-stat. Sig. Coeff. t-stat. Sig. Coeff. t-stat. Sig. Coeff. t-stat. Sig.

Interpolation 1

< 15 shrimp/lb. 30-40 shrimp/lb. 0.004 1.41 -0.16 -3.20 *** 0.000 -0.02 0.13 1.87 *

< 15 shrimp/lb. 40-50 shrimp/lb. 0.006 1.95 * -0.25 -5.76 *** 0.002 0.78 0.02 0.29

< 15 shrimp/lb. 50-67 shrimp/lb. 0.007 2.12 ** -0.26 -4.87 *** 0.004 1.41 0.01 0.10

15-20 shrimp/lb. 30-40 shrimp/lb. 0.006 2.19 ** -0.19 -2.98 *** 0.003 1.18 0.02 0.32

15-20 shrimp/lb. 40-50 shrimp/lb. 0.007 2.75 *** -0.30 -3.96 *** 0.005 1.88 * -0.10 -1.83 *

15-20 shrimp/lb. 50-67 shrimp/lb. 0.009 2.75 *** -0.31 -3.39 *** 0.007 2.21 ** -0.11 -1.70 *

20-25 shrimp/lb. 30-40 shrimp/lb. 0.004 2.34 ** -0.14 -2.67 *** 0.002 0.91 0.03 0.84

20-25 shrimp/lb. 40-50 shrimp/lb. 0.006 2.96 *** -0.25 -3.76 *** 0.004 1.63 -0.08 -1.70 *

20-25 shrimp/lb. 50-67 shrimp/lb. 0.008 3.06 *** -0.27 -3.12 *** 0.006 2.21 ** -0.09 -1.59

Interpolation 2

< 15 shrimp/lb. 30-40 shrimp/lb. 0.006 1.50 -0.16 -3.13 *** 0.002 0.71 0.13 1.83 *

< 15 shrimp/lb. 40-50 shrimp/lb. 0.007 1.76 * -0.25 -5.55 *** 0.003 0.96 0.02 0.28

< 15 shrimp/lb. 50-67 shrimp/lb. 0.009 1.90 * -0.26 -4.69 *** 0.006 1.51 0.01 0.09

15-20 shrimp/lb. 30-40 shrimp/lb. 0.007 2.24 ** -0.18 -2.76 *** 0.005 1.80 * 0.02 0.30

15-20 shrimp/lb. 40-50 shrimp/lb. 0.008 2.57 ** -0.29 -3.64 *** 0.006 2.03 ** -0.10 -1.77 *

15-20 shrimp/lb. 50-67 shrimp/lb. 0.010 2.52 ** -0.31 -3.15 *** 0.008 2.28 ** -0.11 -1.63

20-25 shrimp/lb. 30-40 shrimp/lb. 0.005 2.17 ** -0.13 -2.45 ** 0.003 1.15 0.03 0.83

20-25 shrimp/lb. 40-50 shrimp/lb. 0.006 2.41 ** -0.24 -3.46 *** 0.003 1.24 -0.08 -1.64

20-25 shrimp/lb. 50-67 shrimp/lb. 0.008 2.56 ** -0.26 -2.90 *** 0.006 1.91 * -0.09 -1.51



Table S22. Time series results using natural logarithm of shrimp prices 

Volumetric extent of hypoxia (DO < 2.0 mg/l), weighted least squares based on landed quantity of large shrimp size class

*, **, and *** indicate significant at the 10%, 5%, and 1% level respectively

Dependent Variable: Large Price Level Dependent Variable: Relative Price (Large/Small)

Hypoxia Fuel Hypoxia Fuel

Large Size Small Size Coeff. t-stat. Sig. Coeff. t-stat. Sig. Coeff. t-stat. Sig. Coeff. t-stat. Sig.

Interpolation 1

< 15 shrimp/lb. 30-40 shrimp/lb. 0.0006 0.82 -0.13 -1.65 0.0001 0.09 0.17 2.19 **

< 15 shrimp/lb. 40-50 shrimp/lb. 0.0007 0.93 -0.22 -3.24 *** 0.0002 0.24 0.04 0.54

< 15 shrimp/lb. 50-67 shrimp/lb. 0.0013 1.45 -0.28 -3.52 *** 0.0009 1.12 -0.02 -0.21

15-20 shrimp/lb. 30-40 shrimp/lb. 0.0014 2.70 *** -0.21 -3.21 *** 0.0011 2.30 ** -0.02 -0.33

15-20 shrimp/lb. 40-50 shrimp/lb. 0.0015 2.59 ** -0.32 -5.23 *** 0.0011 2.04 ** -0.12 -2.07 **

15-20 shrimp/lb. 50-67 shrimp/lb. 0.0020 2.98 *** -0.37 -5.16 *** 0.0017 2.84 *** -0.18 -2.66 ***

20-25 shrimp/lb. 30-40 shrimp/lb. 0.0013 3.30 *** -0.19 -3.71 *** 0.0009 1.93 * 0.00 -0.08

20-25 shrimp/lb. 40-50 shrimp/lb. 0.0012 3.04 *** -0.27 -5.26 *** 0.0008 1.34 -0.06 -1.22

20-25 shrimp/lb. 50-67 shrimp/lb. 0.0017 3.66 *** -0.33 -5.51 *** 0.0014 2.41 ** -0.13 -2.16 **

Interpolation 2

< 15 shrimp/lb. 30-40 shrimp/lb. 0.0011 1.08 -0.13 -1.70 * 0.0004 0.31 0.16 2.18 **

< 15 shrimp/lb. 40-50 shrimp/lb. 0.0011 1.17 -0.23 -3.30 *** 0.0004 0.34 0.04 0.54

< 15 shrimp/lb. 50-67 shrimp/lb. 0.0018 1.67 * -0.28 -3.60 *** 0.0013 1.21 -0.02 -0.19

15-20 shrimp/lb. 30-40 shrimp/lb. 0.0020 3.20 *** -0.21 -2.98 *** 0.0016 2.77 *** -0.02 -0.28

15-20 shrimp/lb. 40-50 shrimp/lb. 0.0020 3.22 *** -0.31 -4.81 *** 0.0015 2.34 ** -0.12 -1.97 **

15-20 shrimp/lb. 50-67 shrimp/lb. 0.0026 3.31 *** -0.37 -4.84 *** 0.0022 3.03 *** -0.18 -2.55 **

20-25 shrimp/lb. 30-40 shrimp/lb. 0.0014 3.15 *** -0.18 -3.18 *** 0.0010 1.71 * 0.00 0.07

20-25 shrimp/lb. 40-50 shrimp/lb. 0.0013 2.73 *** -0.26 -4.65 *** 0.0007 0.98 -0.06 -1.07

20-25 shrimp/lb. 50-67 shrimp/lb. 0.0019 3.29 *** -0.32 -4.98 *** 0.0014 1.93 * -0.12 -1.96 *



Table S23. Time series results using natural logarithm of shrimp prices 

Volumetric extent of hypoxia (DO < 2.0 mg/l), Newey-West standard errors

*, **, and *** indicate significant at the 10%, 5%, and 1% level respectively

Dependent Variable: Large Price Level Dependent Variable: Relative Price (Large/Small)

Hypoxia Fuel Hypoxia Fuel

Large Size Small Size Coeff. t-stat. Sig. Coeff. t-stat. Sig. Coeff. t-stat. Sig. Coeff. t-stat. Sig.

Interpolation 1

< 15 shrimp/lb. 30-40 shrimp/lb. 0.00 0.39 -0.15 -2.62 *** 0.00 -0.52 0.14 1.98 **

< 15 shrimp/lb. 40-50 shrimp/lb. 0.00 0.81 -0.25 -4.93 *** 0.00 -0.10 0.02 0.30

< 15 shrimp/lb. 50-67 shrimp/lb. 0.00 1.37 -0.26 -4.61 *** 0.00 0.73 0.00 -0.07

15-20 shrimp/lb. 30-40 shrimp/lb. 0.00 2.99 *** -0.21 -3.77 *** 0.00 2.01 ** -0.01 -0.13

15-20 shrimp/lb. 40-50 shrimp/lb. 0.00 3.17 *** -0.33 -5.15 *** 0.00 2.44 ** -0.13 -2.36 **

15-20 shrimp/lb. 50-67 shrimp/lb. 0.00 3.36 *** -0.35 -4.60 *** 0.00 2.95 *** -0.15 -2.49 **

20-25 shrimp/lb. 30-40 shrimp/lb. 0.00 3.02 *** -0.15 -3.28 *** 0.00 1.72 * 0.02 0.43

20-25 shrimp/lb. 40-50 shrimp/lb. 0.00 3.00 *** -0.28 -4.60 *** 0.00 2.08 ** -0.10 -2.16 **

20-25 shrimp/lb. 50-67 shrimp/lb. 0.00 3.41 *** -0.30 -4.03 *** 0.00 2.84 *** -0.13 -2.30 **

Interpolation 2

< 15 shrimp/lb. 30-40 shrimp/lb. 0.00 0.94 -0.16 -2.83 *** 0.00 0.00 0.13 1.87 *

< 15 shrimp/lb. 40-50 shrimp/lb. 0.00 1.26 -0.25 -5.13 *** 0.00 0.24 0.02 0.24

< 15 shrimp/lb. 50-67 shrimp/lb. 0.00 1.76 * -0.27 -4.79 *** 0.00 1.04 -0.01 -0.11

15-20 shrimp/lb. 30-40 shrimp/lb. 0.00 3.54 *** -0.21 -3.45 *** 0.00 2.56 ** -0.01 -0.11

15-20 shrimp/lb. 40-50 shrimp/lb. 0.00 3.66 *** -0.32 -4.58 *** 0.00 2.79 *** -0.12 -2.19 **

15-20 shrimp/lb. 50-67 shrimp/lb. 0.00 3.54 *** -0.34 -4.16 *** 0.00 3.08 *** -0.14 -2.28 **

20-25 shrimp/lb. 30-40 shrimp/lb. 0.00 3.28 *** -0.15 -2.89 *** 0.00 1.86 * 0.02 0.52

20-25 shrimp/lb. 40-50 shrimp/lb. 0.00 3.09 *** -0.26 -4.06 *** 0.00 1.95 * -0.09 -1.95 *

20-25 shrimp/lb. 50-67 shrimp/lb. 0.00 3.25 *** -0.29 -3.62 *** 0.00 2.61 *** -0.12 -2.04 **
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