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Introduction

Drought research in catchments with near natural flow
conditions is crucial to gain process understanding about
hydrological droughts. However, the locations of catchments
with natural flow often do not coincide with regions with a
socioeconomic sector that is highly vulnerable to droughts.

Data

Daily streamflow data from basins belonging

dataset was obtained from the USGS website.

Data selection criteria: at least 40 years of
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to the GAGES-II

continuous daily

data (1970-2010) and daily 20th percentile > 0.

: L s Basins are divided into two groups: Near natural (reference,
. How different are drought characteristics in HCDN-2009) and other likely influenced (non-reference)
anthropogenically influenced basins? basins (left map).
@ Have regulations changed the accurrence of drought A Data is further grouped for each of the 18 major Water
ev:_antS?' _ | _ Resources Regions in the contiguous US (middle map).
6 Is it useful to include information from these o s Water report remarks from the GAGES-II dataset about
anthropogenically influenced basins in drought monitoring hydrological modifications are used to indicate different

and early warning systems like the US Drought Monitor? anthropogenic influences (right map).

Basin locations Major Water Resources Regions,
focus on highlighted regions.

Frequency of words in remarks of
hydrologic modifications
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Examples of anthropogenic influences on droughts
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Example of a non-reference record in the Great Basin: flow regulations by a dam at the outlet of a lake are the cause of one
major drought event that lasted for 57 months. This continuous period of low flow is not found in a close-by reference basin.

Non-reference Reference
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Example of a non-reference record in the Texas Gulf: sustaining low flow with waste water effluent causes numerous short duration
droughts. These regulations started or changed during the record, resulting to the occurrence of more droughts at the beginning. In
contrast, the reference station in this region shows more prolonged drought events at the end of the record.

Non-reference Reference
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Example of a non-reference record in California: a power plant regulates low flow situations. These regulations, however, did not start
until the end of the 1980s, leading to a fixed minimum flow afterwards and resulting in the majority of drought months at the beginning of
the record. This change in low flow conditions was not observed for the nearby reference station.
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Methods: drought identification

Duration

L

Jan-19/71
Date

California

Upper

Acre”

.Flood Jedium
Iversion

asin Diverts
Irrigation

[ﬂmp_lctc!:.r
River

Mead o

M|"|.u’:t|1l:y

Sever; 1[Sm a | l
LDW Water

SAightly

StnrapPLakE
Upstream

atream .«

Reservoir

Power Iant

Partly F Ere el-.
Capacity

Many

HD]L

Jan-1972

.

Jan-19/3

Liake

Upstream
Several

Acre Creek
RQSGI'VOlI’shghuH

Diversion

Many II'I'I
Small

ated

Above

A monthly percentile based approach is used to rank
streamflow values.

The principals of the threshold approach (threshold level =
20%) are applied to define hydrological drought events
The following drought characteristics are used:

Duration: humber of consecutive months streamflow
percentiles are at or below 20%.

Severity: difference between monthly streamflow and
threshold. Severity Is standardized by dividing it by the
20th percentile streamflow value of the corresponding month.
Monthly severity is summed over the duration of the
drought event.

Results: differences in drought characteristics
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Word clouds above show the quantity of words used in water report remarks for different water resource regions.
Diversions are an important anthropogenic influence in all these regions as well as storage/regulation through reservoirs and

lakes.

"Irrigated” is an important remark in the three western basins; dams and power plants are noted in California and the South
Atlantic-Gulf (SA-GuIf); the remark wastewater effluent is mentioned for Texas, indicating that in this region low flow is

sustained by wastewater effluent.

Graphs below shaw the cumulative distributions of duration and severity of the most savere drought events (duration of at least
one year) within each Water Resource Region. These characteristics are most similar between reference and non-reference basins

in the SA-Gulf.

In the Great-basin, most extreme droughts (especially with regard to severity) are found in the anthrupﬂgenlcallv mﬂuenced
basins. This |mplles that anthropogenic influences in this region intensify hydrological droughts (== (ample section).
In Texas, this is the other way around. Regulations like sustaining low flow with wastewater effluent are i Ilcelw;r tn moderate

hydrnlogmal drought characteristics (see example section).

In California, drought durations are longer in non-reference basins. However, severities are both lower and higher which suggests

different types of anthropogenic influences.
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Streamflow data and GIS data courtesy of the U.5. Geological Survey
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Impacts of anthropogenic activities on different hydrological drought characteristics

,- :rrl 4
&

Methods: occurrence of drought events (1970-2010)
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O | peginning of the record . Percentage of drought occurred is plotted over time (i.e. a cumulative
2R distribution of drought months) to quantify the occurrence of drought events.
g * Uniform distribution means one drought every 5 months (black line)
g A . Cumulative distribution above this line.
‘S @ Cumulative distribution below this line.
Lk More drought months at the . Cumulative distributions of reference stations: natural variability in drought
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5 # 2D kernel density estimation is used to transform the cumulative distribution
ensembles to 95% probability fields.

~ ® Difference between area of reference probability fields and area of

non-reference probability fields (total, below and above the natural variability) is
used to indicate how anthropogenic activities influence the occurrence of drought
events.
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Results: occurrence of drought events (1970-2010)
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Probability fields of the major Water Resource Regions California and Texas show that for part of the non-reference basins, more
droughts occurred at the beginning of the record compared to the natural variability in timing of drought events

( ple section). This difference in occurrence is not clearly visible for the Great Basin and the South Atlantic-Gulf.

The map below shows the difference between blue and red area per region.

Especially the southern and western regions show differences in occurrence of drought events, whereas the occurrence in droughts
in the eastern regions is not very different for the non-reference basins.

Map below further indicates if differences in area are above (more droughts in the beginning of the record) or below (more
droughts at the end of the record) the natural variability field.
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