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Abstract: This research evaluates the responses of hydrology and geomorphology regarding climate change and illustrates the 
change in regional streamflow during the period 1955-2001. The Neches River Basin, Texas, is an important source of water for 
farming, cities, and electrical power production. A 15.9% increase in precipitation and a 20.4% increase in streamflow discharge 
were observed. The areas of river-flow boundaries also increased. The hydrologic changes appear to be associated with the 
geomorphic adjustments. To accomplish this research, the Neches River Basin is evaluated using hydro-climate data, historical aerial 
photography, and GIS in a multiscale approach by using linked geomorphic systems. Changes in the streamflow discharge are main 
factors that must be considered in undertaking a hydrological impact assessment of climate change. 
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1. Introduction 

Neches River Basin is one of the largest river 

systems in Texas. The basin plays a fundamental role 

in the interaction between ecological and economical 

processes. It also provides an important resource of 

water for agriculture, urban centers, and hydropower 

production. Several cities are located along the Neches 

River Basin, including Tyler, Evadale, and Beaumont. 

However, water resources are becoming increasingly 

important because of current and potential future 

impacts of climate change, constantly increasing 

population growth and economic development [1]. 

Thus, understanding and evaluating the impact of 

climate change on Neches River Basin is critical for 

the water resource management. 

Texas has experienced distinct climate changes 

during the last century [2]. Temperature has increased 

in past few decades, and the increasing rate in Texas 

has been more rapid than elsewhere [3]. Precipitation 

has increased in Texas and the change of precipitation 

is more dramatic than that of temperature [4]. The 
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analysis of precipitation and temperature records 

indicates the trends and periodicity in climate change 

[5]. The analysis of the historical climate records can 

provide a reference dataset for the potential effects of 

climate change on water resource. 

Previous studies have been undertaken to evaluate 

the response of water resources to climate change 

[6-9]. The incidence of severe precipitation promotes 

increased amounts of surface runoff causing a higher 

flood frequency [10]. Heo et al. [11] showed that East 

Texas had a 16.3% increase in precipitation during the 

period 1970-2009, which eventually led to increases 

of surface runoff (15.0%) and soil water content 

(2.7%). In general, climate change develops the 

variation of precipitation, which directly influences 

streamflow and water resources issues [12]. 

Some studies represented strong positive correlation 

between climate and geomorphology [13, 14]. 

Streams respond to a hydrologic disturbance by 

altering their channel dimensions, meander 

wavelength, and sinuosity [15]. The response of river 

systems to climate change can be aggradation, 

degradation, lateral migration, or changes in the 

channel geometry and sediment load [16]. Severe 

precipitation events can also trigger substantial 
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geomorphic change such as erosion or sediment yield 

[17]. Climate change influences the geomorphic 

characteristics of streams by affecting the frequency 

and magnitude of stream discharge [18, 19]. 

Climate change has been recognized as one of the 

greatest influences stressing water resources, but the 

quantitative estimate of geomorphic change is also 

essential for understanding the potential water 

resource management. Furthermore, relatively little 

research has been undertaken regarding the potential 

impact of climate change on water resources with 

geomorphology in Texas. This research focuses on the 

interaction of climate change and water resources with 

geomorphic changes in the Neches River Basin, Texas, 

from 1955 to 2005. To fulfill the goal of this research, 

the following objectives have been evaluated; (1) the 

historical change of precipitation during 1955-2005 

and (2) the streamflow discharge in relation to river 

channel changes in Neches River Basin, Texas. 

Understanding the interactions can offer opportunities 

not only to understand hydrologic systems, but also to 

suggest directions for future environmental 

management. 

2. Study Area and Data Set 

The study area is located in northeast Texas, USA, 

which is a part of Neches River Basin (Fig. 1). It has a 

total area of 25,921 km2 and a gradient drop of 161 m. 

The river flows into the Sabine Lake near Beaumont, 

Texas, and ultimately into the Gulf of Mexico. The 

major towns along the river are Tyler, Lufkin, 

Beaumont, Jasper, and Nacogdoches. Thus, it is an 

important source of water for agriculture, urbanization, 

and hydropower production. The climate of the study 

area is predominantly humid subtropical climate with 

an annual average temperature ranging of 19.1 °C and 

an annual total precipitation of 1,425.4 mm based on 

the 1955-2001 data of Jacksonville, TX weather 

station. Vegetation of the area consists mainly of 

grasses, aspen groves (Populus tremuloides), and 

pines (Pinus edulis). The study area consists mainly of 

sandstone, mudstone and shale. 

The study area was chosen for the following 

reasons: (1) it has a relatively long-running climatic 

and hydrological observation network, and (2) it has 

several towns and industrial enterprise lying within  
 

 
Fig. 1  The location map of the study area: (a) DEM (Digital elevation model) and watershed boundary, and (b) Landsat 
ETM and Naches River. 
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the river basin. Hydrology, climate, and 

geomorphology data have been obtained for the period 

1955-2001. Streamflow discharge data for the gauge 

station (08032000, Neches Rv nr Neches, TX) were 

collected from the NWIS (National Water Information 

System) of the USGS (U.S. Geological Survey). 

Precipitation and temperature data were obtained from 

the NOAA (National Oceanic and Atmospheric 

Administration) and USDA (U.S. Department of 

Agriculture). Historic aerial photographs and DEM 

(digital elevation model) were collected from TNRIS 

(Texas Natural Resource Information System) and 

USGS, which were used for the analysis of 

geomorphic change. 

3. Methodology and Results 

3.1 Methodology 

The annual data were calculated from the daily data, 

which applied for trend analysis of hydrology and 

climate change. There were some missing 

hydro-climate data because of illegible or irregular 

measurement in the NCDC (National Climate Data 

Center) of NOAA. For stations with missing data, 

monthly mean values were used for trend analysis in 

the study area [20]. To evaluate the effect of spatial 

precipitation variation, we applied IDW (Inverse 

Distance Weighted), which is the most powerful 

techniques for interpolation of scatter points. IDW 

method is used for the estimation of spatial 

information in hydrology and climatic sciences. It is 

based on the assumption that the influence of a 

measured point is weighted according to the distance 

from the sampled point to the estimated point. 

We applied SVM (Support Vector Machine) 

classification for river water-flow boundary 

delineation (Fig. 2). SVM classification is a very 

effective method for solving supervised classification 

and regression problems from complex, noisy data 

(Yu et al., 2010). Based on the statistical learning 

theory, it provides good classification results from 

complex and noisy data. SVM classification was 

completed via manual interpretation of historical 

aerial photography in the study area. It aims to attain 

the best generalization by balancing the relationship 

between the accuracy achieved on a given finite 

quantity of training data and the machine capacity. 

Based on SVM classification, we calculated for the 

total area of river channel using ArcGIS. 

3.2 Results and Discussion 

Streamflow is an important pathway of water 

resources and represents the amount of water in a river 

channel. It indicates the number of volume of flow 

passing a defined point over a specific time period 

[21]. Fig. 3 shows the volume of streamflow and 

annual total precipitation in the study area.  
 

  
Fig. 2  Example for SVM classification in the study area: (a) river channel in aerial photograph image and (b) SVM 
classification in aerial photograph image. 
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Fig. 3  Annual total precipitation and streamflow discharge for the observed periods (unit: cubic meter year). 
 

Table 1  Proportion of streamflow discharge to total 
precipitation (unit: %). 

Year Proportion (stream discharge/precipitation, %)

1955 20.9 

1958 20.6 

1965 11.7 

1969 23.5 

1976 18.9 

1986 23.6 

1990 21.5 

1991 25.0 

2001 21.7 
 

Streamflow discharge for 1955 and 2001 was 

~79,000,000 and ~95,000,000 m3/year, respectively, 

which accounts for 20.9% and 21.7% of the total 

precipitation (Table 1). Overall, about ~80% of the 

precipitation was lost as evapotranspiration, soil water, 

or groundwater. The percentage of contribution to the 

annual total precipitation was relatively stable as the 

values showed. Annual total precipitation increased 

15.9% from ~376,000,000 to ~436,000,000 m3/year, 

for the period 1955-2001. We also estimated the 

spatial distribution of precipitation using IDW 

interpolation (Fig. 4). The study area followed a 

general increasing pattern in precipitation and we 

think this suggests that the general increase in 

precipitation in this study is a global phenomenon. 

The changes in hydro-climate data in the study area 

can be summarized as a 15.9% in precipitation and a 

20.4% in streamflow discharge. Areas with high 

precipitation experience increase in streamflow 

discharge, whereas areas with low precipitation 

experience decrease in streamflow discharge [22]. 

Collins and Knox [23] explained that variation in 

streamflow reflects the inter-annual change in the 

amount of surface runoff as influenced by climate 

factors such as precipitation. Streamflow discharge in 

the study area has a similar pattern to that of 

precipitation (Fig. 3). This change suggests that 

streamflow discharge in the study area is directly 

influenced by precipitation. 

We  investigated the  delineation  of  river-flow 

boundaries from historical aerial photography and 

quantitatively  measured  the  areas  of  river-flow 

boundaries in the study area using SVM classification. 

As shown in Table 2, the area of river-flow boundaries 

was 10.1 km2 in early 1970s (Landsat MSS) and 11.4 

km2 in late 1990s (Landsat ETM+). In fact, the area 

showed a generally increasing pattern from 1970s to 

1990s. Geomorphic change can be affected by climate 

variations [24, 25]. High amounts of precipitation and 
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Fig. 4  Spatial distribution of total precipitation in the study area; (a) 1955, (b) 1972, (c) 1986, and (d) 2001. 
 

Table 2  Changes of river-flow boundaries in the study 
area. 

Year (aerial photography) 
Area of river-flow 
boundaries (km2) 

1972 (Landsat MSS) 10.1 

1984 (Landsat TM) 10.6 

1999 (Landsat ETM+) 11.3 
 

surface water discharges are important in building 

channel morphology [26]. Frequent weather extremes 

(i.e. heavy precipitation and flood) result in an 

increase in the width of river channel [27]. We think 

that the general increase in streamflow discharge in 

this study area was affected by increasing 

precipitation. Environmental conditions, such as 

overhanging trees and Sun angle, reduce the accuracy 

by impeding the SVM classification because the 

land-water interface can be obscured [28]. More 

research is needed to further evaluate the change in 

river-flow boundaries and improve the accuracy of 

delineated boundaries. 

4. Conclusions 

This study investigated the impact of climate 

changes on hydrology and geomorphology in 

Northeast Texas during 1955-2001. We found 15.9% 

increase in precipitation and 20.4% increase in 

streamflow discharge. Streamflow discharge follows a 
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general increasing pattern for that of precipitation. 

This study identified that ~80% of the total 

precipitation was lost as evapotranspiration, soil water 

content, groundwater discharge or storage. Variations 

in the amount of streamflow discharge exist in the 

Neches River Basin and these variations reflect 

difference in the hydrology and topography of the 

study area. This research provides a better 

understanding of the complex interplay of climate 

change and its effects on the hydrology and 

geomorphology in Northeast Texas. This research can 

also contribute to current knowledge of the effects of 

climate change on water resources and demonstrate 

the effectiveness of the integrated approach in 

predicting the impact of future geomorphic changes in 

context of future climate change. 
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