Terrestrial Water Cycle and Climate Change:
Linkages and Feedbacks
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Questions: How did the internal adjustment work in the past?

How will it work in the future?
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What is the role of the water cycle?




The Water Cycle
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The Water Cycle

jjhe Water Cycle oo Question:

- What components are
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&t runoft.
. 4

Spring

{ l‘nfiltrauon \

8
"
(%
“/
I(-’

A
Yoty

SU/&:{(;C

g Ground-water storage us. AtmOSphere

1. Atmosphere

vl

Ice Caps

2. Soil-Plants
3. Surface Water

Continents

4. Groundwater >




The Water Cycle

e Water Cycle

Question:

B i—— I |- What components are
ffé‘ the atmos :

important, what are not?

\ A" o
! “ihfiltbation 5

: Spring
O A~
0o

p

Q. ~
W
‘-’f@_ﬁr - 3

JS(_[,,.:“(—"C

'USGS ¥ Ground-water storage . D
|

Atmosphere
/ \

=
R

2. Soil-Plants Ice Caps
3. Surface Water

1. Atmosphere

Continents

4. Groundwater >




The Water Cycle

jjhe Water Cycle oo Question:

- What components are
important, what are not?

&t runoft.
. 4

Spring

{ l‘nfiltrauon \

8
S
0,
“
v

A
Yoty

SU/&:{(;C

Ground-water storage

1. Atmosphere

Ice Caps

. . Soil-Plants
3. Surface Water
— |

4. Groundwater




The Water Cycle

Question:

- What components are
important, what are not?

- Is the groundwater
important?
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Is the Groundwater Reservoir Important?

What does groundwater do?

- Temporarily holds wet-period surplus, and later supplies dry-period deficit

- Sustains stream flow in humid and sub-humid climate, receives loosing streams in arid climate

- It is the slow component of the system:

Volume
Reservoirs (1000 km?3) Residence Time
Oceans 1,338 ~ 4,000 years
Atmosphere 0.01 hours - days
Ice 241 10 - 10,000 years
Soil Water 0.02 hours - months
Surface Water 0.14 days - years
Groundwater 23.4 days - 10,000 years

regulating dynamics ?

1. Atmosphere

Ice Caps

SOI| Plants
3. Surface Water

4. Groundwater ™




Is the Groundwater Reservoir Important?

Current Models
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NCEP-NCAR and ECMWEF 40-yr Reanalysis Surface Water Budget for Mississippi River Basin

(Roads and Betts, 2000)
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Is the Groundwater Reservoir Important?

Current Models
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Is the Groundwater Reservoir Important?

Hypothesis:

- The groundwater reservoir directly influences the soil moisture (spatial structure,
temporal memory) and boundary layer processes.

- It regulates the duration of floods and droughts through land-atmosphere feedbacks.

- It is essential to closing the continental water budget.

Approach:
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Equations:

Mass balance in groundwater storage:

Darcy’s Law for lateral groundwater flow:

Darcy’s Law for groundwater — river exchange:

Mass balance in surface water storage:

River flow routing from cell to cell to the ocean:

(linear reservoir model)
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Result-1: Equilibrium water table
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Result-3: Groundwater — Soil/Plant link
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Is the Groundwater Reservoir Important?

Hypothesis:

- The groundwater reservoir directly influences root zone soil water (spatial structure, temporal memory)
and boundary layer processes (Richard Anyah).

- It regulates the duration of floods and droughts through its long term memory and land-atmosphere
feedbacks (Richard Anyah, Deniz Kustu) — NSF Water Cycle

- Itis essential to closing the continental water budget (Gonzalo Miguez-Macho).
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Q1: How does climate change modify the terrestrial water cycle?
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-400 [
-420 [~
-440 [~
-460 [
-480 |
-500

5 D (%)

CHg (ppbv)

800

700
800 =

500

400 I

Ice Core Records:

400 300 200 100 0

ka BP

CH, Source ~ Wetlands

Questions: what was the
extent of the wetlands?

320

280
240
| - 200

160

COy (ppmv)

ern Day

- Wetlands

B Major Wetland Area

|l Area with Abundant

Wetlands




CHg (ppbv)

-400
-420
-440
-460
-480
-500

800
700
600
500

400

400

Ice Core Records:

CH, Source ~ Wetlands

Can we reconstruct the
paleo-hydrology?

320

280

240

200

160

COy (ppmv)

45N A

40N A

35N

30N A

25N A

20N A

15N
1

Modern Day Equilibrium Groundwater

400 130W 120w 110w 100w 90w 30W 700 50w 500

Modern Da

| Wetlands

B Major Wetland Area

B Area with Abundant
Wetlands

I 1oy 1 I




Terrestrial Water Cycle and Climate Change:
Linkages and Feedbacks

Now 2(;-0 __ao00 600 800 1000 kyr ago

- T
nfl |1 _f|| i
U"' I|.|||I|L||I || ||'.;'I'I||I|' i Iu'l|.||,-"|||||ll|lr" '||I”I'f‘ i |'|||||-.J'||||||I||I f;rigegf':::

\ o "

\ I||I 'III Ir'|I Inll Il " -'"', Ir'| i | \ A .'“ |l nl ,,.' ." non .""' A A |l",| n [l Obliquity
NATRTRYANAY '.||||'|l|l'..' YAVAVAVATAVAY |,|'.I'

TRTRTATA J Iy | u .| \ u V| 41 kyr
VoV |

External e e Yo
Forcing

Solar Forcing
B5°MN Summer

The Atmosphere

200 400 600 800 1000 kyr ago
Hat

Stages of
Glaciation

Cald

Climate System
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Q3: What role did the water cycle play in the past (G-IG)?




