
•  Watersheds with Longleaf pine and LAI <3.5 have higher mean annual streamflow, lower 

mean annual ET and higher low flows than watersheds without Longleaf or those with 

Longleaf and higher LAI. 

• Three watersheds with Longleaf pine, higher mean LAI, and differing species 

composition had streamflow and ET rates similar to watersheds without Longleaf.  

• This is the first long term multi-watershed water balance evidence of higher water yield 

from Longleaf pine forests. 
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Ongoing and future work 

•  Watershed modeling of different Longleaf pine management strategies (plantation growth, pine straw production, wildlife, fire, etc.) 

•  Coupling hydrologic scenarios with economic scenarios to quantify influences for private landowners 
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Background 

Conclusions 

•  Longleaf pine savannahs once covered 90 million acres but have dwindled due to favor for faster growing plantation species 

• Longleaf pine (Pinus palustris) savannahs transpire less water than Loblolly pine (Pinus taeda) or Slash pine (Pinus elliottii) 

plantations and some hardwood species due to lower leaf area, native groundcover, and drought tolerant Longleaf pine physiology 

•  Model simulations and case studies indicate that Longleaf restoration increases streamflow but there are few published data 

 

Research  

Questions 

•  How does forest cover type affect mean annual streamflow? 

•  Do watersheds with Longleaf pine have higher low-streamflow 

than those without? 

Data Methods 

Figure 3: Basal 

area for 

dominant species 

from Forest 

Inventory and 

Analysis plots in 

the study 

watersheds. 

Figure 2: Land cover distributions within the study 

watersheds. Longleaf pine area is from the Southeast 

Longleaf Pine Database and other types are from NLCD 

Forest is the dominant land cover type 

Streamflow: USGS 1989—2021 (32 years) 

Climate data: GridMET Dataset 

Landcover: National Landcover Dataset (NLCD) 

combined with the  Southeast Longleaf Pine 

Database from the Florida Natural Areas Inventory 

Species composition: Forest Inventory and Analysis 

Database 

Leaf Area Index: 2014—2020 Copernicus Satellite 

300 m pixel values summarized to growing season 

watershed mean LAI 

Water Balance ET: We estimated annual 

evapotranspiration (ET) using the long term water 

balance method for the 1989—2021 water years. 

ET = Precipitation - Streamflow - (ΔS/Δt) 

ΔS/Δt = changes in storage average out over long term 

 

Relationships among WB-ET, abiotic and biotic 

variables were assessed with linear models and 

AIC. 

ET was quantified relative to Budyko predicted ET 

Table 1: Selected watersheds with Ids, U.S. Geological Survey site 

numbers, drainage areas (DA) and Longleaf pine coverage. 

Figure 1: Map of gaged USGS watersheds within the historic 

range of Longleaf pine ecosystems in the southeast U.S. coastal 

plain with ≥24% forest and ≤ 10% developed area. Nine have 

15-72% Longleaf and twelve have 0-3% Longleaf. Figure 4: Mean annual Penman Monteith 

Potential Evapotranspiration (PET), 

precipitation (P), water balance 

estimated Evapotranspiration (ET), and 

streamflow (Q) for the study watersheds.  

Results 

Figure 5: Mean annual streamflow (Q) by precipitation (P). 

Many Longleaf watersheds have lower P but high Q relative 

to watersheds without Longleaf. 

Figure 7: Leaf Area Index (LAI) by mean annual 

evapotranspiration (ET). 

Higher LAI and differing species composition in 

Forest Inventory and Analysis plots explain why 

three watersheds with Longleaf pine have higher 

ET and  lower annual streamflow. 

Figure 6: Mean annual watershed evapotranspiration in the Budyko framework.  

Watersheds with Longleaf pine and low LAI have lower mean annual evapotranspiration 

than predicted by the Budyko equation 

Figure 8: A.) Mean flow duration curves by 

watershed group, B.) Flow duration curves for all 

watersheds, C.) Boxplots of 7Q10 low flow 

statistics. 

Watersheds with Longleaf pine forests have 

higher mean annual low flows. 

Longleaf pine Savannah at the Jones Center at Ichauway Loblolly pine plantation in Georgia  

David Stephens, Bugwood.org 

Young planted Longleaf pines may transpire more 

than mature ones due to higher densities 

Prescribed fire plays an important role in managing the understory. The 

Jones Center maintains an average fire return interval of two years. 

Study Watersheds 
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