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Connecting the Dots: Humans and the Water Cycle
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to a new tool to explain the Earth’s water cycle. 
Developed by the U.S. Geological Survey (USGS) in 
consultation with more than 100 educators and more 
than 30 hydrologic experts, a new water cycle diagram 
replaces the one in use since 2000. Released in October 
2022, the revised depiction brings humans into the 
picture and shows the water cycle as a complex interplay 
of small, interconnected cycles that people interact with 
DQG�LQȵXHQFH��ΖPSRUWDQWO\��LW�DOVR�VKRZV�KRZ�PXOWLSOH�
ecosystems—including a coastal plain, dry basin, wet 
basin, and agricultural basin—are connected across 
watersheds and at continental scales.

The earlier water cycle diagram, developed by Howard 
Pearlman and John Evans, introduced more than two 
decades of students, as well as readers of thousands of 
water publications, to the natural aspects of the water 

cycle. The 2022 version depicts how the Earth’s water 
moves and is stored, both naturally and because of 
human actions. As Tanya Trujillo, assistant secretary for 
water and science at the U.S. Department of the Interior, 
VD\V��Ȋ6R�PXFK�DERXW�WKH�ZDWHU�F\FOH�LV�LQȵXHQFHG�E\�RXU�
actions, and it’s important that we clearly see the role 
that each of us can play in sustainable water use amid a 
changing climate.”
A New Standard for Visualizing Water’s Journey

USGS director David Applegate believes the updated 
water cycle diagram will “set a new international standard 
for how we visualize and communicate water’s complex 
journey on Earth, with the potential to better inform our 
next generation of scientists, natural resource managers, 
and policymakers as they tackle the increasing challenge 
of sustainable water-resource management.”

Trujillo emphasized the importance of the shift, 
noting, “The water crisis is one of the most important 
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On Earth, water can be                   ,               , or a mix of both. 
Pools are places where water is stored, like the ocean. 
Fluxes are the ways that water moves between pools, such 
as evaporation         , precipitation          , discharge          , 
recharge           , or human use         . 

See www.usgs.gov/water-cycle for definitions.

fresh saline
Pools and Fluxes

The Water Cycle
The water cycle describes where water is on Earth and how 
it moves. Water is stored in the atmosphere, on the land 
surface, and below the ground. It can be a liquid, a solid, or 
a gas. Liquid water can be fresh, saline (salty), or a mix 
(brackish). Water moves between the places it is stored. 
Water moves at large scales and at very small scales. Water 
moves naturally and because of human actions. Human 
water use a!ects where water is stored, how it moves, and 
how clean it is.
U.S. Department of the Interior
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Pools store water. 96% of all water is stored in oceans and is 
saline. On land, saline water is stored in saline lakes. Fresh 
water is stored in liquid form in freshwater lakes, artificial 
reservoirs, rivers, and wetlands. Water is stored in solid, 
frozen form in ice sheets and glaciers, and in snowpack at 
high elevations or near the Earth’s poles. Water vapor is a 
gas and is stored as atmospheric moisture over the ocean 
and land. In the soil, frozen water is stored as permafrost 
and liquid water is stored as soil moisture. Deeper below 
ground, liquid water is stored as groundwater in aquifers, 
within cracks and pores in the rock.

Fluxes move water between pools. As it moves, water can 
change form between liquid, solid, and gas. Circulation 
mixes water in the oceans and transports water vapor in the 
atmosphere. Water moves between the atmosphere and the 
surface through evaporation, evapotranspiration, and 
precipitation. Water moves across the surface through 
snowmelt, runo!, and streamflow. Water moves into the 
ground through infiltration and groundwater recharge. 
Underground, groundwater flows within aquifers. It can 
return to the surface through natural groundwater 
discharge into rivers, the ocean, and from springs.

We alter the water cycle. We redirect rivers. We build dams 
to store water. We drain water from wetlands for 
development. We use water from rivers, lakes, reservoirs, 
and groundwater aquifers. We use that water to supply our 
homes and communities. We use it for agricultural 
irrigation and grazing livestock. We use it in industrial 
activities like thermoelectric power generation, mining, and 
aquaculture. The amount of water that is available depends 
on how much water is in each pool (water quantity). It also 
depends on when and how fast water moves (water timing), 
how much water we use (water use), and how clean the 
water is (water quality). 

We a!ect water quality. In agricultural and urban areas, 
irrigation and precipitation wash fertilizers and pesticides 
into rivers and groundwater. Power plants and factories 
return heated and contaminated water to rivers. Runo! 
carries chemicals, sediment, and sewage into rivers and 
lakes. Downstream from these sources, contaminated water 
can cause harmful algal blooms, spread diseases, and harm 
habitats. Climate change is a!ecting the water cycle. It is 
a!ecting water quality, quantity, timing, and use. It is 
causing ocean acidification, sea level rise, and more 
extreme weather. By understanding these impacts, we can 
work toward using water sustainably.

By bringing humans into the picture, this new diagram of the Earth’s water cycle more accurately represents how water moves and is stored. 
Source: U.S. Geological Survey.
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challenges we face today, and it is time we recognize the 
bigger picture of water availability.”

Drawing on vast amounts of water data, USGS 
sought to provide a nuanced perspective of the water 
cycle, demonstrating the interconnectedness of both its 
human and natural components. The agency also drew 
on principles of information design to focus attention 
on the water as it moves through the natural and built 
environment. Visuals like the water cycle diagram 
play a key role in how science is communicated and 
understood. They make it easier to process information 
and allow audiences to engage with, remember, and 
identify a topic or body of work.

Like other prominent organizations, the USGS sees 
it as vital to educate the public on the role of humans 
in the water cycle. The need for this kind of education 
is far from new. A 1996 report, +XPDQ�ΔQWHUYHQWLRQV�
LQ�WKH�+\GURORJLFDO�&\FOH, prepared by European Topic 
Centre on Inland Waters under the supervision of the 
European Environment Agency, noted, “ There is a need 
WR�GHȴQH�SUHFLVHO\�>WKH@�KXPDQ�LQWHUYHQWLRQV�DQG�DJUHH�
RQ�D�PHWKRGRORJ\�IRU�TXDQWLI\LQJ�WKHLU�HHFWV�RQ�ZDWHU�
resources, water and ecological quality of the water and 
riparian areas.”

$�PRUH�UHFHQW������HRUW�RI�WKH�1DWLRQDO�6FLHQFH�
Foundation (NSF) and NBC Learn explored the human 
water cycle “that powers our homes, hydrates our bodies, 
irrigates our crops, and processes our waste.” They 
illustrate how the tight connections between water, food, 
and energy make these resources dependent on one 
another and how the increasing need for these three vital 
resources forces a rethinking of the management and 
use of the water supply. The collaboration resulted in a 
report as well as four videos that are still available online. 
The Human Element

Many believe this shift in understanding is essential. 
A 2021 study published in Nature, “Human Alteration 
of Global Surface Water Storage Variability,”provides a 
ȴUVW�JOREDO�DFFRXQWLQJ�RI�KXPDQ�UHODWHG�ȵXFWXDWLRQV�
in lake and reservoir water levels. Analysis of satellite 
data shows that 57% of the seasonal variability 
in Earth’s surface-water storage now occurs 
in dammed reservoirs and other water bodies 
managed by people. Until this study, it had been 
GLɝFXOW�WR�SDUVH�RXW�H[DFWO\�KRZ�PXFK�RI�WKDW�
variation is caused by humans and how much by 
natural cycles. 

The study ranks the western United States, 
southern Africa, and the Middle East among the 
regions with the highest reservoir variability—and 
VRPH�RI�WKH�VWURQJHVW�KXPDQ�LQȵXHQFH��ΖQ�WKHVH�
places, managed reservoirs account for 99% or 
more of the seasonal variation in surface water 

storage. 
Lead author Sarah Cooley, a postdoctoral scholar at 

the Stanford School of Earth, Energy, and Environmental 
Sciences (Stanford Earth), compares these places with 
VRPH�RWKHU�EDVLQV�ZKHUH�KXPDQV�LQȵXHQFH�OHVV�WKDQ�
10% of the variability. She explains, “Sometimes those 
basins are next to each other, because even within 
the same region, a combination of economic and 
HQYLURQPHQWDO�IDFWRUV�PHDQV�KXPDQV�PDNH�GLHUHQW�
choices about how to manage surface water storage.”

In discussing the study, Cooley points out that the 
traditional versions of the water cycle taught in schools 
GRQȇW�UHȵHFW�WKH�UROH�KXPDQV�SOD\��Ȋ+XPDQV�ȋ�VKH�VD\V��
ȊKDYH�D�GRPLQDQW�HHFW�RQ�(DUWKȇV�ZDWHU�F\FOH�ȋ

J. Marshall Shepherd, a leading international expert in 
weather and climate, and host of the Weather Channel’s 
Weather Geeks podcast, is a fan of the new diagram. In 
an October 26 article in Forbes magazine, he described 
sitting in a downpour with rain rushing into drains 
while portions of it pooled on the surface. He wrote, 
“In that moment, over two decades of my research on 
SUHFLSLWDWLRQ�DQG�ȵRRGLQJ�ȵDVKHG�EHIRUH�P\�H\HV��$V�Ζ�
VWDUHG�RXW�RI�WKH�ZLQGRZ�DW�WKH�UDLQ�ȵRZLQJ�DFURVV�WKH�
paved lot, it was clear to me that the water cycle most 
K–12 students were learning was not representative of 
what actually happens with humans around.”

While celebrating the new visualization, Shepherd 
was already thinking about contemporary research 
at the intersection of human processes and the water 
cycle. He listed four additional human impacts worthy of 
exploration: 

• UHGXFHG�LQȴOWUDWLRQ�GXH�WR�XUEDQ�LPSHUYLRXV�
surfaces 

• PRGLȴFDWLRQ�RI�FORXG�DQG�SUHFLSLWDWLRQ�SURFHVVHV�
due to anthropogenic aerosols, urbanization, 
irrigation, deforestation, and other land uses

• enhanced ice melt due to black carbon aerosols 
(soot) in the cryosphere

• accelerated water cycle components due to 
greenhouse gas–related warming

“As I stared out of the window at  
WKH�UDLQ�ȵRZLQJ�DFURVV�WKH�SDYHG�ORW��LW 

was clear to me that the water cycle 
most K-12 students were learning was 

not representative of what actually 
happens with humans around.”

https://www.nsf.gov/news/mmg/index.jsp?series_name=The%20Human%20Water%20Cycle
https://www.nature.com/articles/s41586-021-03262-3
https://www.nature.com/articles/s41586-021-03262-3
https://www.forbes.com/sites/marshallshepherd/2022/10/26/a-new-water-cycle-graphic-gets-it-right-for-science-education-and-humanity/?sh=1664073e765a
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The new diagram is likely to get heavy use. The 
2000 water cycle diagram, translated into more than 
60 languages, was among the most popular of USGS’s 
plain language science resources. More than 8 million 
users visit the resources website annually, with a third 
RI�DOO�WUDɝF�RQ�SDJHV�GLUHFWO\�UHODWHG�WR�WKH�ZDWHU�F\FOH��
The new image is available in both English and Spanish, 
and end users will no doubt translate it into many other 
languages, as they did the previous version. Additional 
introductory materials, including an introductory video 
about the new diagram, are available on the USGS 
website.  !

Lisa Beutler  (lisa.beutler@stantec.com) an AWRA past 
president, is an executive facilitator at Stantec, working on 
an extensive water management portfolio.

This diagram of the water cycle, issued by the U.S. Geological Survey in 2000, was among the agency’s most popular resources. The new 
diagram that supersedes it adds human activity to the depiction. Source: U.S. Geological Survey. 

A new water cycle diagram 
brings humans into the

picture and shows
the water cycle as a complex 

interplay of small, interconnected 
cycles that people interact
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https://www.usgs.gov/media/videos/new-water-cycle-diagram-revealed
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