
Chapter 9: Water Resources
- Humans are 70% water, as are plants and other animals.

- In the Solar System, water occurs in significant quantities inky on our planet,

covering 71% of Earth by area.

- Water is a renewable resource, constantly cycling through the environment

in the hydrologic cycle.

- 1.1 billion people lack safe drinking water.

Water on Earth

- Earth’s hydrosphere contains about 1.36 billion cubic km of water

(1,359,208,000 km).

- Much of Earth’s water originated from icy comets and from hydrogen and

oxygen-laden debris within the planetesimals that coalesced to form the

planet.

- Outgassing: a process in which water and water vapour emerge from layers

deep within and below the crust, 25 km or more below the surface, and are

released in the form of gas.

- Outgassing on Earth is a continuing process.

- In the early atmosphere, massive quantities of outgasses water vapour

condensed and then fell to Earth in torrential rains.

- For water to remain on Earth’s surface, land temperatures had to drop

below the boiling point of 100degreese celsius.

- The lowest places across the face of Earth then began to fill with

water; first forming ponds, then lakes and seas, and eventually

ocean-sized bodies of water.

- Massive flows of water washed over the landscape, carrying both

dissolved and solid materials to these early seas and oceans.

- Outgassing of water had continued ever since and it was visible in

volcanic eruptions, geysers, and seepage to the surface.



Worldwide Equilibrium

- The present volume of water circulating throughout Earth’s surface was

attained 2 billion years ago, and this quantity has remained relatively

contrast even though water is continuously gained and lost.

- Gains occur as pristine water not previously at the surface emerges from

within Earth’s crust.

- Losses occur when water dissociates into hydrogen and oxygen and the

hydrogen escapes earth’s gravity to space or when it breaks down and forms

new compounds with other elements.

- The net result of these water inputs and outputs is that Earth’s hydrosphere

is in a steady-state equilibrium in terms of quantity.

- Eustasy: refers to changes in global sea level caused by changes in the

volume of water in the oceans.

- Sea-level changes caused specifically by glacial ice melt are glacio-eustatic

factors.

- During cooler climatic conditions, when more water is bound in glaciers and

ice sheets, the sea level lowers.

- During warmer periods, less water is stored as ice, so seal level rises.

Distribution of Earth’s Water Today

- Ocean and land surfaces are disturbed unevenly on Earth.

- Earth’s continental land is in the Northern Hemisphere.

- Water dominates the surface in the Southern Hemisphere.

- Looking at Earth from di�erent angles, it appears to have an oceanic

hemisphere and a land hemisphere.

- The present distribution of all Earth’s water between the liquid, and frozen

states, and between fresh and slaine, surface and underground:

- Oceans: 97.22%

- Pacific Ocean: 48%



- Surface/Subsurface Water: 2.78%

- Lakes/Rivers/Streams: less than 1% of all water

- Ice sheets and glaciers contain the greatest amount of Earth’s freshwater.

- Groundwater (Shallows or Deep) is the second-largest amount.

The Hydrologic Cycle

- Hydrologic Cycle: A simplified model of the flow of water, ice, and water

vapour from place to place. Water flows through the atmosphere and across

the land, where it is stored as ice and as groundwater. Solar energy

empowers the cycle.

- The Hydrologic Cycle has operated for billions of years, circulating and

transforming water throughout Earth’s lower atmosphere, hydrosphere,

biosphere, and lithosphere to several km beneath the surface.

- The water cycle can be divided into three main components:

- Atmosphere

- Surface

- Subsurface

- Water has a short residence time in the atmosphere-an average of 10 days-

where it plays a role in temporary fluctuations in regional weather patterns.

- Water has longer residence times in deep-ocean circulation, groundwater,

and glacial ice.

- as long as 3000-10,000 years.

- These slower parts of the hydrologic cycle, the parts where water is stored

and released over long periods, can have a “bu�ering” e�ect during periods

of water shortage.

Water in the Atmosphere

- More than 97% of Earth’s water is in the oceans, and it is over these water

bodies that 86% of Earth’s evaporation occurs.



- Evaporation is the net movement of free water molecules away from a wet

surface into the air that is less than saturated.

- Transpiration: The movement of water vapour out through the pores in

leaves; the water is drawn by the plant from soil-moisture storage.

- During transpiration, plants release water to the atmosphere through

a small opening called stomata in their leaves.

- Transpiration is partially regulated by the plants themselves, as

control cells around the stomata conserve or release water.

- Ex. On a hot day, a single tree can transpire hundreds of litres of

water’ forest, millions of litres.

- Evapotranspiration: The merging of evaporation and transpiration water

loss into one term.

- Represents 14% of the water entering Earth’s atmosphere.

- The bulk of continental precipitation comes from the oceanic portion of the

cycle.

- The di�erent parts of the cycle vary over di�erent regions on Earth, creating

imbalances that, depending on the local climate, lead to water surpluses in

one place and water shortages in another.

Water at the Surface

- Interception: A delay in the fall of precipitation toward Earth’s surface

caused by vegetation or another ground cover.

- Precipitation that reaches Earth’s surface as rain follows two

pathways: it either flows overland or soaks into the soil.

- Intercepted water that drains across plant leaves and down their

stems to the ground is known as stem flow.

- Precipitation that falls directly to the ground, including drips from

vegetation that are not stemming the flow, is throughfall.



- Precipitation that reaches Earth’s surface as snow may accumulate for a

period before melting, or it may accumulate as part of the snowpack that

remains throughout winter and melts in the spring.

- Infiltration: Water access to subsurface regions of soil moisture storage

through penetration of the soil surface.

- After reaching the ground surface as rain, or after snowmelt, water

may soak into the subsurface through infiltration, or penetration of

the solid surface.

- If the ground surface is impermeable, then the water will begin to flow

downslope as overland flow, also known as surface runo�.

- Overland Flow: Surplus water that flows across the land surface toward

stream channels. Together with precipitation and subsurface flows, it

constitutes the total runo� from an area.

- Surface Runo�: Surplus water that flows across the land surface toward

stream channels when soils are saturated or when the ground is

impermeable.

- The overland flow will also occur if the soil has been infiltrated to full

capacity and is saturated.

- Streamflow: A term that describes surface water flow in streams, rivers and

other channels.

- 8% of the water in the cycle moves through land.

- 95% comes from surface water that washes across the land as overland flow

and steam flow.

- 5% of the water movement is slow-moving subsurface groundwater.

Water in the Subsurface

- Percolation: The process by which water permeated the soil or porous rock

into the subsurface environment.


