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() GCOS target

BOX 1: Closing the global water cycle

Targets Close water cycle globally within 5% on annual
timescales

Who Operators of GCOS-related systems, including data
centres

Time frame  Ongoing

Performance Regular assessment of the uncertainties in

indicator estimated turbulent flux of latent heat

Simultaneous closing of the energy and water budget
via the equivalence of both ET and latent heat fluxes.




General global risks

" The increase in greenhouse
gases significantly increases
the risks to water resources.

= Per degree of warming,

= the renewable water
resource is reduced by 20%,

= with a simultaneous
population growth of 7%.

— Why does it matter?
=% Impact of climate change:

population

10C = 20%| w==mp growth of
7%.
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Q) The global water cycle

28 R Key Processes
w";;'ﬁ'fﬁm e Evaporation, transpiration and
Te«rf'lﬂ:::.lm water vapor generation

Atmospheric transport of
water vapour

Precipitation

Soil Moisture,
River

Sea Surface

peulisliite Discharge,
i) Lakes, Storage and release by the
Sk Burfare Ernundu.rater,
LT Cryosphere, cryosphere, lakes and
W™ Water use

reservoirs, soil moisture, and
groundwater

Water flow on the surface
River discharges to the ocean
Groundwater discharges to the
oceans
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) Expected Changes in the Water Cycle

o Global linear trends
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Hydrological Sensitivity: +1K = 2-3% increase in precip.
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Q Expected Changes in the Water Cycle
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A lot of uncertainty are covered by the observations



& ) Expected Changes in the Water Cycle

900

1 (fluxnet data)
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13 15 17 19 219 23 25
Growing-season temperature ("C)

Huntington, 2006/JHydrol

observed
temperature
increases
during

the 20th
century may
have resulted
in increasing ET
where
moisture is not
limiting
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L) Impact of climate change
Intensification of the water But:
cycle — Estimates extremely difficult
— 1 °C more temperature due to lack of measurement
accelerates the cycle of data, especially over the
evaporation and precipitation oceans.
by 2-3% (likely safety). — Small S/N ratio makes it
difficult to detect/attribute
This leads to changes P-E changes of the water cycle
patterns and intensification of — Also missing: uncertainty
inequalities in the global water estimations on long-term
supply. trends

* Difficult to provide

e Account for natural
(multi)decadal variability
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\,\ The existing operational global water
data centers (mostly in situ)

s, areas &
ature'?

{ ke ’evE I
temper

Variable, 'GCOS Essential Climate Variable,
2GEO Essenstial Water Variable

- GTN-H member network

Global network/identified/suggested to join GTN-H

A Univ. Zurich (CH)
40 ICSU, IUGG

UNEP, unESCO, WMO
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data centers (mostly in situ)

Network of the global

water data centres

Joint project of GCOS

and WMO;

implementated in
2001

@ GCOS

GLOBAL CLIMATE OBSERVING 5YSTEM

23 \l& WORLD
9y METEOROLOGICAL

ORGANIZATION

Univ. Zurich (CH)
ICSU, IUGG

UNEP, unESCO, WMO

E ) The existing operational global water
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INEQ hydrological ECV
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() Global precipitation data

GPCC Precipitation Climatology Version 2018 0.25 degree
precipitation for year {Jan — Dec) in mm/month

=
1

1 10 25 S0 = 1090 450 200 390 400 &0 500 1040

Global Precipitation Climatology Centre (GPCC)

The Global Precipitation Climatology (over land) is the background for all other GPCC
precipitation analysis products and is based over 75,100 stations with climatological
normal. Overall, the GPCC data base consists of over 110,000 stations.

18
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L) Timeliness issue

CHATE

Deutscher Wetterdienst Lﬂ
irttar und Klrmia foes siner Hand

Data base for different GPCC products
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o Full Data _|
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GTH-H VIII, 20-21 June 2017, Kablenz, Germany H
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High-latitude (55°-90°N) annual-mean
«~ precipitation trends (mm decade-1) from 1951 to
2005
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il . ) Temporal coverage of microwave imagers

Nimbus-7

1975 1980 1985 1990 1995 2000 2005 2010 2015

Temporal coverage of SMMR, SSM/I and SSMIS instrument aboard Nimbus-7 and
DMSP satellite platforms.

2019
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\) Global Runoff Data Centre (GRDC)
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International archive of river discharge times series

supporting global change research
Operated by the German Federal Institute of Hydrology (BfG)
under the auspices of the WMO.
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Annual Freshwater discharge from all continents
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Average annual river runoff: 41,900 km?%yr
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L) Relevant open tasks

— data limitations (in time
and/or space),

— the spatial
representativeness of point-
based measurements,

— scaling issues between
observations (in situ and
remotely sensed) and
models,

— uncertainties in variable
estimates from satellite
retrievals and numerical
modelling,

— differences in how extremes
are defined.

GCOS.wmo.int
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7Q The global water cycle (in-situ focus)

On global average: Water exchange by precipitation/
evapotranspiration = 503,600 km?®/a (equivalent to 987 mm/a)

€ transport of water tter vapour: 45,800 km?/a
; £ U N wwmm "‘\f"'—y"w,r —

-
Precipitatio |
117,600 km°/a Evapo-
transpiration
71,800 km®/a
river runoff: ca.
= 44 800 km3/a >

_—'

Total runoff (Rivers, groundwater) into the uuea: 45,800 km¥/a =»

A

Evaporation || 386,000 km®/a
431,800 km*/a

= ¥
e

Schneider et al., 2017
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TABLE 1. Sources of data used in this study.

() Satellites + data-integrating models

Parameter

Dataset name

Contributing remote sensing instruments

Key references

Precipitation

Ocean evaporation

Terrestrial
evapotranspiration

River runoff

Atmospheric
convergence

Water storage

changes

Precipitable
water vapor

GPCPv2.2

SeaFlux v1.0

Princeton ET

MERRA and
MERRA-Land

GLDAS

University of Washington
runoff

MERRA

Quik SCAT water balance

PMWC v2.0

Chambers/Center for Space
Research (CSR) Release
05 (RLOS)

AIRS and AMSR-E
precipitable water

SSM/I, SSMIS, GOES-IR,
TOVS, and AIRS

SSM/I, AVHRR, AMSR-E,
TMI, and WindSat

AIRS, CERES, MODIS, and
AVHRR

MSU, HIRS, SSU, AMSU, AIRS,
SSM/1, ERS-1/-2, QuikSCAT,
MODIS. GOES

SSM/I, SSMIS, GOES-IR, TOVS, AIRS,

TRMM, MODIS, and AVHRR
TRMM, GOES-IR, TOVS, SSM/I,
ERS, and ATOVS
See MERRA above
QuikSCAT, TRMM, and GRACE
SSM/I, AMSR-E, TMI, and WindSat
GRACE

AIRS and AMSR-E

Adler et al. (2003) and Huffman
et al. (2009)

Clayson et al. (2015, manuscript
submitted
to Int. J. Climatol.)

Vinukollu et al. (2011)

Rienecker et al. (2011),
Bosilovich et al. (2011), and
Reichle (2012)

Rodell et al. (2004b)

Clark et al. (2015)

See MERRA above

Liu et al. (2006)

Hilburn (2009)

Chambers and Bonin (2012),

Johnson and Chambers (2013),

Bettadpur (2012), and Tapley
et al. (2004)
Fetzer et al. (2006)

Rodell et al., 2015/JClim
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() Satellites + data-integrating models
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Total continental runoff =47.1

. =41.9 +2.3 +2.9
‘42.9 182 = QRiver + qubmar. ew T Qice sheet
115.7 #6.3 b 46.7 £19.1
71.247.1 1165
. A-.\ 409.5 139}5‘
- i Mean annual fluxes

/., i (2001-2010)

Obs records +
models (white)

49.5 6.8

Optimized
estimates by forcing
water and energy

budget closure
(blue)

Rodell et al., 2015/JClim

Annual total water exchange: 520.1 £+ 27.2 10°km?3yr!

29
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() Satellites + data-integrating models
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Rodell et al., 2015/JClim

Optimized annual-mean fluxes (10*km3yr) for 2001-2010.
Precip., ET, runoff, annual amplitude of terrestrial water storage (yellow)
GRACE-based amplitude of terrestrial water storage (gray)

30
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() Residuals
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Rodell et al., 2015/IClim

Observed Predicted Optimized
residual closure error uncertainty*®
Global water 3.9% 12.5% 7.4%
budget
* Land 4.3% 10.1% 7.2%
* QOcean 6.6% 13.8% 7.8%
* Atmosphere 4.7% 13.6% 7.5%

* Residual being forced towards zero

* Changes are indicated as % relative to P ;o /am
 Expected errors of optimized water budgets: <10%
 Observed residuals < expected errors

32
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) Necessary steps

Significant enhancement
in the ability to
sustainably measure key
spatial components of
water cycle

Strengthening the
observing system to
provide better
understanding of the
physical mechanisms and
interactive processes that
control variability in the
water cycle

Developing improved
physical models and use
of data assimilation
methods that are critical
to:

— distinguish natural
variability in the water
cycle from human-
induced variability

— deliver better hydrological
prediction

— obtain new insight on
coupling of water, carbon,
and energy cycles
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Priority List

Improved and sustained observations of

e precipitation (both over ocean and
land) to quantify global and regional
trends in the water cycle;

snow water equivalent, soil moisture,
and land cover change

— assimilation into dedicated high
spatial resolution hydrological land
surface models to better quantify
stream flow, soil moisture and
evapotranspiration and the carbon
cycle

e ground water monitoring from
satellite gravity observations

e quantitative observation of river
discharges

snow- and ice inventories as
important water storage and frozen
soil/permafrost monitoring
— the surface albedo (e.g. from
changes in snow cover and
composition, sea ice extent, glacier
and ice sheet extent) and its

influence on evaporation, cloud
formation and precipitation.

sea surface salinity regarding the
oceanic branch of the hydrological
cycle

socio-economic trends of water use
(e.g., agricultural water demands,
water quality demands)



GO0S+GO0SWRP

AOPC 00PC TAPGx

Need for increased international WERP

COIIaboration and the use of WorldClimateResearchProgramr.ne

observations from Gew

* many satellites and/or ty77
satellite constellations

* together with dedicated in-

situ observation networks WGCimate cgms

* From both, research as well as @
operational observational EARTH OBSEE&L%TO?@
networks

| GTN Hj,rd rnlngy

Global Terrestrial Wetw




,Interoperability seems to be
about the integration of
information. What it’s really about
is the coordination of
organizational behavior.”

David Schelle, Founder and
Chairman of the OGC
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L) Improvement of interoperability

GTN-H Questionaire 2018

Satellites

Do you follow an international

standard for metadata
descrintion?

Data
assimilation

In-situ models

T »

Building a discoverability

service GEDSS Portal WH% S



i £ ) Questions?

Table-1,-theWater-Cycle-and-itsuncertainty, {LIT)Y

EstimatedwWater:
Flhuxes

References-and-Dats-Sources

Wate reFli:
10" 'y r |

% x Precipitatons
ater-storage-inice H I I Globalice-wolumezlaciers-and-ice caps)-of- Glaciers, doe-Caps, Snows
3nd: snowi 158000 cubickikameta o uncartainty-2f-2 5%
|study-by-Farinatti-=t-al-2019, Nature-

Geoscience]T

1

About-1mmy a-5LE{sea-lewvel-elevation | -from
glacier-melt{glaciers-and-ice caps). glacers-
contribute-30%-of the obsereed-SUE| Zemp-

etal-in-press Nature-Geosasnce]d

AR Lakess
River-discharge-H 41,857 HNot- Not GRDC{2014)-GlobalFresheater Fluxes-into- River- Discharges
knowen knowen the-World-Oceanss

watervapours RN

h2383  No- likewis Jones-1997, Globalhydralogys SoilMaistur=s
. EH
""""" o Taylor-etal 20128 Groundwaters
H H Sealewval
H =# Evaporation-from-Lands
H H d
otalwater: H #H |
e 8 T SO F—
[+ ] H H H

Surface-and-Verticalwatervapourd |

_ = 1 Kormmentar [ WG] : Some-of the-
wvaniables-menticmsd, incheding- SM, -

- arm- ol Mluso=s, 4

“, 1 Kommentar [WD30]; Estimat=d-

~ total- smownt-of SM. - With-a-lot-of-

~ | ammsmipticns-

Kommertar [CRI1]: Highly -
unc=rtainy]

=

=
=

-

Kommentar [ SH33]; Salinity - 2=-
proscy M

S. Dietrich, J.A. Johannessen, S. Briggs, W. Dorigo, S. Egglestone, |. Gartner-Roer, G.C. Hegerl, K. Hills, R. Hollmann, H.

Kramer, U. Looser, F. Paul, C. Ruz Vargas, U. Schneider

contact: dietrich@bafg.de www.gtn-h.info
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http://www.gtn-h.info/

Thank you!

Internatlonal Centre for Water Resources and Global Change
Koblenz

United Nations . International Centre www.waterandcha nge.org
Educational, Scientific and for Water Resources and Global Change
Cultural Organization under the auspices of UNESCO
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