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Abstract. Hydrologic data, information, and knowledge 
resolve differently depending upon the spatial and temporal 
scales of interest. A multi-scale hydrologic information 
system (HIS) is presented that can be designed and popu-
lated for a broad range of spatial (e.g., hillslope, local, re-
gional, continental) and temporal (e.g., current, recent, his-
toric, geologic) scales. Surface and subsurface hydrologic 
and transport processes are assumed to be scale-dependent, 
requiring unique governing equations and parameters at 
each scale. This robust and flexible framework is designed 
to meet the inventory, monitoring, and management needs 
of multiple federal agencies (Forest Service, National Park 
Service, Fish & Wildlife Service, National Wildlife Re-
serves). Multi-scale HIS examples are provided using Geo-
graphic Information Systems for the Southeastern US.  

INTRODUCTION 

Hydrologic models are routinely used for understand-
ing and predicting water-resource behavior, including 
stores and fluxes along with their physical, chemical, and 
biological integrity. Fundamental to the development and 
application of these models is the grounding on observa-
tional data, usually from surface, airborne, and satellite 
platforms.  

Both computational platforms and data acquisition and 
storage systems have expanded rapidly in recent decades, 
resulting in ever-greater spatial and temporal resolution and 
extent. Efforts to model and obtain data at desired spatial 
and temporal scales has been, and will continue to be, an 
important objective in studying and managing water re-
sources (Price et al. 2014). 

For example, Table 1 summarizes the range of spatial 
and temporal scales of interest when conducting hydrologic 
studies and assessments. It is important to note that the ap-
propriate scale depends on the objectives of the specific 
project being investigated – there is no universal scale ap-
propriate for all studies (Baffaut 2015). While regional and 
continental scales are useful for establishing a context for 
local studies, there may be limited need to apply continen-
tal-scale models for hillslope settings. 

In fact, model parameters developed for one scale may 
not be relevant for applications at different scales or re-
gions (Clark et al. 2014). For example, pore-scale models 
of fluid flow are of limited use in predicting flow and 
transport at continental scales, and vice versa. 

Table 1. Spatio-temporal scales of hydrologic interest. 

Attribute Spatial Scales 
Region State Site 

Geology Province Units Stratigraphy 
Soil Orders Sub-orders Series 
HUC 2 or 4 6 or 8 10 or higher 
DEM 300-m 30-m 10-m 
Hydrography Large Medium Small 
Groundwater Aquifers Outcrops DTW 
LU/LC Ecoregions Land Use Land Cover 
 Temporal Scales 

Decadal Annual Synoptic 
Water levels USGS Academic (MS & PhD),  

Federal Field Studies Weather NOAA 
Ecology LTER 

 

 
Figure 1. Multi-scale hydrologic information. 





 
Figure 2. National Forest Units (green) in Alabama, Geor-

gia, South Carolina, Florida, and Puerto Rico. 
 

 
Figure 3. Intrinsic groundwater vulnerability for El Yun-

que National Forest, Puerto Rico, using 10-m raster da-
ta. HUC-12 watersheds also shown. 

 
Figure 2 shows some of the National Forest units in the 

Southeastern United States. Figure 3 summarizes the 
DRASTIC groundwater vulnerability index for El Yunque 
National Forest in Puerto Rico. Note that most groundwater 
is at low to moderate risk within the National Forest, but is 
at greater risk as the land use transitions to agricultural and 
urban uses at lower elevations. 

As noted above, data resources include topographic in-
formation, such as those presented in Figure 4 for the entire 
Southern Region. These data are useful for regional scales, 
but become too coarse at local scales, which are challeng-
ing to resolve at continental scales. 

Depth-to-groundwater is a key layer that is critically 
lacking in existing information systems. Efforts to estimate 
this data layer are ongoing using autocorrelations between 
groundwater elevation in space, as well as correlations with 
surface topography. Figure 5 presents a preliminary esti-
mate for the Oconee National Forest in Georgia.  
 

 
Figure 4. Regional topographic layer based on Digital Ele-

vation Model (DEM) raster at 300-m scale. 

 
Figure 5. Depth-to-groundwater raster for Oconee National 

Forest. LIDAR provides 1-m resolution.  
 

The DRASTIC methodology neglects potential sources 
of contamination (industrial, municipal, agricultural, trans-
portation) as well as the presence-absence of populations 
(human, endangered species) that may be at risk. 

Landscapes with high intrinsic vulnerability may not 
pose a risk if risk sources and vulnerable populations are 
absent. To account for risk sources and receptors, we add 
land use and cover, as well as hazardous waste use, storage, 
transport, and disposal. 

We next demonstrate using time-series data that also 
contain information at multiple scales, including daily, sea-
sonal, annual, and decadal fluctuations. Risks to aquatic 
ecosystems from hydroperiod and water quality alterations 
(e.g., sediments, nutrients) may be manifested at each of 
these scales. 

Long-term (20-year), high-resolution (15-min) data 
from USGS (Figure 6) and NOAA (Figure 7) sensors in 
Apalachicola Bay must be assimilated to understand the 
complex dynamics of ecosystem function.  



 
Figure 6. USGS discharge data for Apalachicola Bay, Flor-

ida. Data is collected at 15-min intervals and displays 
rapid changes at daily, monthly, seasonal, annual and 
decadal scales. 

 
Figure 7. NOAA water-quality 15-min time-series data for 

two sondes placed in East Bay, and embayment within 
Apalachicola Bay, Florida. Data show dynamic behav-
ior at multiple temporal scales.  

 

DISCUSSION 

Our ability to generate, store, and access water-
resource information is growing rapidly, and challenges our 
ability to assimilate and apply these data to solve manage-
ment problems. Our proposed framework is intended to 
facilitate hydrologic modeling by organizing information 
along a space-time continuum that can be tailored to man-
agement needs. 

Databases are resolved at multiple temporal and spatial 
scales. These data are often disjoint at jurisdictional bound-
aries (counties, states, countries). Also, data are fraught 
with problems (missing, mis-mapped, overlapping) – data 
assimilation and reconciliation are critical to reconcile the-
se issues. Our current lack of capability to manage large 
databases means that extracting data at appropriate scales 
must be performed on a case-by-case basis, often resulting 
in additional uncertainty in understanding, prediction, and 
management of water resources. 
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