Confronting the “Human Component” of the water cycle to improve
water resource management
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What information do we need to manage
water resources”?
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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 placesitis
stored. Water moves at large scales and at very small
scales. Water moves naturally and because of human
actions. Human water use affects where water is stored,
how it moves, and how cleaniitis.
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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.
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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, runoff, 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.
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On Earth, water can be fresh, saline, or a mixof both.
Pools are places where water is stored, like the ocean.

Fluxes are the ways that water moves between pools, such
as evaporation | { | , precipitation |
recharge / L\, or human use /

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

Pools and Fluxes

i} discharge \~;,

| reservmrs

e —

“agricultural
water use

General

overview of
how water

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).

moves

We affect 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. Runoff
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 affecting the water
cycle. Itis affecting 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.



The Spatial Conundrum of
a “Single Point”

» Hydrologic Processes are:
« Complex
 Vary a lot across the landscape
* Expensive to measure

...but they can be modeled.




A Model for Success...

* Academia and Scientists
have put in the time to
solve this problem

* Can achieve usable results
(across a whole landscape)
from sophisticated models
that simulate hydrologic
processes.




A Model for Success...
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The Rio Grande




The Rio Grande

* Major Drainage Basin
 Forms most of the US-MX border

* Inhabited for looooong time...
* First Anglo settlements in the US

 Where water measurement in the
US began...

DURANGO

>TATES

Solieteie UNITED ST,
""""""""" B Main rivers, reservoirs,
— i and cities in the
NEW | T e .
MEXICO | Rio Grande/Bravo Basin
= River
A Reservoir

= City or town

Elevation (m asl)
I 4153

Mo

Matamoros

\ 7 W,

R o / J}éﬂ
R AN R *
ez Sy i
| S 7
< _NUEVO 5
£ ! LEON ) ¥
MEXICO ) { TAMAULIPAS éJ




COLORADO

Main rivers, reservoirs,

and cities in the
| Rio Grande/Bravo Basin

= River
A Reservoir
= City or town

Elevation (m asl)
I 4153

The Rio Grande

|
|

|

| oed 0

TEXAS

* Major Drainage Basin
 Forms most of the US-MX border

* Inhabited for looooong time... |
* First Anglo settlements in the US
* Where water measurement in the

Devils River

N

US began...

A ;
Brownsville

Matamoros

E DURANGO

200 300 km




The Rio Grande EMBUDO, NEW MEXICO,

BIRTHPLACE OF
SYSTEMATIC STREAM GAGING

* Major Drainage Basin

* Forms most of the US-MX border
* Inhabited for looooong time...

* First Anglo settlements in the US

 Where water measurement in the
US began...




The Rio Grande EMBUDO, NEW MEXICO,

BIRTHPLACE OF
SYSTEMATIC STREAM GAGING

* Major Drainage Basin

* Forms most of the US-MX border
* Inhabited for looooong time...

* First Anglo settlements in the US

 Where water measurement in the
US began...

LOTS O’ DATA




The Rio Grande

* The nation’s first

“battleground” for water... ==
*Created a need for immediate ~ «. =~
water management and policy = &
decisions.
- When Measurements began, & ~ m
flow regime was already . N ARy
changed... -l /
e Decisions were made without

fully understanding the natural
flow regime.



Leads to this kind of management




What information do we need to manage
water resources”?




The Natural Flow
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The Rio Grande

* The “Human Component”

* 14 Major Reservoirs

* Interstate Compact (CO, NM, TX)
« 2 International Treaties (US-MX)
* Trans-basin Diversion from Colorado

River Basin
« > 1,000,000 irrigated acres (US

only)
* ~6,000,000 people
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Different Rivers, Same Story

Officials fear ‘complete doomsday
scenario’ for drought-stricken Colorado
River

Federal report recommends removing four

Lower Snake River dams to protect salmon

Growing fears of ‘dead pool’ on Colorado River as drought
threatens Hoover Dam water



Different Rivers, Same Story

It is estimated that only 38% of the World’s major
river systems maintain a natural flow regime... Ofhicials fear ‘Complete doomsday

scenario’ for drought-stricken Colorado
River

Federal report recommends removing four
Lower Snake River dams to protect salmon

Growing fears of ‘dead pool’ on Colorado River as drought
threatens Hoover Dam water



Back to Montana

*DNRC’s
Administrative
Basins (~HUCS3),
where the "Human
Component” has
significantly altered
the flow regime.
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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 placesitis
stored. Water moves at large scales and at very small
scales. Water moves naturally and because of human
actions. Human water use affects where water is stored,
how it moves, and how cleaniitis.
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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.
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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, runoff, 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.
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On Earth, water can be fresh, saline, or a mixof both.
Pools are places where water is stored, like the ocean.

Fluxes are the ways that water moves between pools, such
as evaporation | { | , precipitation |
recharge / L\, or human use /

See www.usgs.gov/water-cycle for definitions.
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overview of
how water

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).

moves

We affect 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. Runoff
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 affecting the water
cycle. Itis affecting 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.



Hydrologic Models are good at
simulating nature, but CAN’'T
predict human behavior
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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 affects where water is stored,

how it moves, and how clean it is.
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Back to Montana

*DNRC’s
Administrative
Basins (~HUCS3),
where the "Human
Component” has
significantly altered
the flow regime.

WHAT'S THE
SOLUTION?




How “it" has historically worked...
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How “it” should work...
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How “it” should work...

Hydrologic
Models

l ] Policy/Administration

Detailed River —>

System Models

Water
Managers/Users/Professionals

Used to account for human
actions, policy, and agreements
that govern a river system...



DNRC'’s Attempt to use Futuristic Tools

The Montana Integrated
Hydrologic Modeling
(MIHM) Framework

/Hydrologic
Models

|

Detailed River —>

System Models

Depends on collaborative
relationships, trust, and new
avenues for sharing and
acquiring data
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What information do we need to manage
__ water resources?

What water/hydrology related mformatlon
IE most critical toMyou’?\ =y

What's Missing? If we Iived in a fantasy world where you
could have any piece of water info/data what would it be?




Extra Slide for
Questions - What is
MIHM

* It’s not actually a model...

* It is computer code that makes
models talk to each other

e Think of it as a “Translator”
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