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Jak to vSechno zaalo?
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Tvar Zemé?

e Fyzicky - dno oceanu (gip. hladina oceanu) po Himalajské vrsky
o “Fyzikalni” - (kvazi)geoid - tvar hladiny oceant “vynucovan”tihovym polem
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Gravita cni pole Zemeé dle ucinku
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g=9.8072467...m/s The constituents of 'g'

gje “souhrnnym” U¢inkem hmot
gravitacniucinek rychle klesa se vzdalenosti => druzice musibyt nizko

citlivost druzicove gravimetrie cca 3.-6.desetinné misto
casove rozliSeni 1 mésic, pixel 300-400 km (od 2030 cca 200km)



Kde mozna gravitacni pole necekate

SBIRKA ZAKONU
: CESKA REPUBLIKA
Nafrizeni viady ¢. 159/2023 Sb.
c)vySkové systémy:

o

1. Evropsky vysSkovy referertnisystém
[ J

2.Vyskovy systém baltsky - po vyrovnani Bpv

3.Svétovy vyskovy referencnisystém WGS84-EGM96

4.Svétovy vyskovy referenénisystém WGS84-EGM2008
d) Tihovy systém 2010, zkratka nazvu je S-Gr10.

VysSku obvykle chapeme/pouzivame geometricky, ale jeji povaha je fyzikalni (bez GP to nejde)
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Urcovani GP pomoci druzic 1957 ~ 2000

e Inverze drahy- prvenstvi prof. Buchar (Sputnik 2, Nature,
1958), od 60. let
o Opticka pozorovani
o Dopplerovska pozorovani
o SLR-tézisté Zemé, dnes idalsiparametry GP
e DruzZicové altimetrie - od 70. let - grav.signdl z tvaru morské
DruZicova altimetrie

hladiny
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surface slope \
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Ocean floor with seamount
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Vyvoj presnosti drah druzic
50.-60. ... 106-200 m
70.-80. ... 1620 m (rozvoj druzicové altimetrie)
80.-90. ... 10 cm 1 m, LANDSAT 4 (prvni s GPS)
90. léta ... <10 cm (TOPEX/Poseidon)
dnes ... <5cm (GNSS, SLR, Doppler)

Laserova lokace druzic (SLR)



Advent druzicoveé gravimetrie: 2000 - soucasnost

e \Vyznamny vliv mélo zpresnéni drah (zejména GPS/GNSS)
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Porovnani “merenych” velic¢in (0., 1. a 2. derivace potenmalu)
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Essential climate variables

SEA-SuRmACE TEMPERATURE, D PROPERTIES,
TEMPERATURE, WATER VAPOUR,
OCEAN COLOUR TRACE SPECIES

EARTH RADIATION
BUDGET

e Po cca20 letech sledovani casovych zmén
GP byla druZicova gravimetrie integrovana
do ECV

e 55 hlavnich proménnych klimatickeho
systému

e Oceanskeé
e Atmosfeérické
o “Zemskeé’
o Terrestrial Water Storage
(TWS) change

https://gcos.wmo.int/en/essential-climate-variables
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Surface (10)
Sea-surface temperature
Sea-surface salinity
Sea level
Sea state
Seaice
Surface current
Ocean colour
Carbon dioxide partial pressure
Ocean acidity
Phytoplankton

Sub-surface (8)

Temperature

Salinity

Current

Nutrients

Carbon dioxide partial pressure
Ocean acidity

Oxygen
Tracers
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For more information, please go to: http:/gcoswmoint
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4 AIR TEMPERATURE,
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‘OCEAN ACIDITY,
'CARBON DIOXIDE
PARTIAL PRESSURE

SOILMOISTURE

Surface (6)
Air temperature

Wind speed and direction
WaterVapour

Pressure

Precipitation

Surface radiation budget

Upperair (5)
Temperature

Wind speed and direction

WaterVapour

Cloud properties

Earth radiation budget (incl. solar iadiance)

Composition (5)
Carbon dioxide
Methane
Other long-lived greenhouse gases
Ozone, supported by their precursors
Aerosol, supported by their precursors

FIRE DISTURBANCE,
LAKD COVER

WATER VAPOUR
ABOVE GROUND BIOMASS,

FAPAR, LEAF AREA INDEX.

RIVER DISCHARGE,
WATER USE.

TERRESTRIAL

Biological/Ecological/Other (7)

- Land Cover
- FAPAR

- Leaf areaindex

- Above ground biomass
- Soil carbon

- Fire disturbance

- Albedo

Hydrological (5)

+ River discharge
- Water use
- Ground water

Lakes

« Soil moisture

Cryosheric (4)

- Snow cover
- Glacies and ice caps
- Icesheets

« Permafrost

GCOS has defined a list of Essential Climate Variables (ECVs) that are both

ICSU

technically and economically feasible for systematic observation and global
implementation, and whose observations meet important requirements of the
UNFCCC and the IPCC. It is these variables for which international exchange is

required for both current and historical observations.



https://gcos.wmo.int/en/essential-climate-variables

Voda a druzice

McCabe, M. F., Rodell, M., Alsdorf, D. E.,
Miralles, D. G., Uijlenhoet, R., Wagner, W.,
... & Shi, J. (2017). The future of Earth
observation in hydrology. Hydrology and
Earth System Sciences,21(7), 3879.

https://hess.copernicus.org/articles/21/387

9/2017/

Hydrological Missions/ Standard Standard Launch Dedicated
variable instruments spatial temporal year measurement
resohition  resolution
(km) {(days)
Rainfall GPM 5 0.125 2014 Y
Snowfall GPM 5 0.125 2014 N
Terra/MODIS 1999
Aqua/MODIS 2002
Evaporation Suomi/VIIRS 0.5 1 2013 N
Landsat 8 2013
Landsat9 2023
Runoff SWOT 0.1 11 2021 Y
Terra/MODIS 1999
Snow cover Aqua/MODIS 05 1 2002 Y
Suomi/VIIRS 2013
Snow density, depth, or - Goong wiamsr2 | 30 1 2012 N
water equivalent
SMOS 36 3 2009 Y
SMAP (radiometer) | 36 3 2015 Y
Surf: il . ASCAT 25 1 2006 N
ace soil molsmre GCOM-W/AMSR2 | 50 1 2012 N
Sentinel- 1A 2014 N
Sentinel- 1B 01-0.005 12 2016 N
Deep soil moisture Biomass 02 18 daysyr—! | 2021 N
Jason-3 10 10 2016 N
. SARAL 10 35 2013 N
Surface water elevation SWOT 0.1 11 2021 v
ICESat-2 15 90 2018 N
Depth to groundwater - - - - -
Total groundwater storage  — - - - -
Terrestrial water GRACE 220 30 2002 Y
storage change GRACE-FO 180 30 2017 Y
‘Water consumption - - - - -
‘Water quality - - - - -
Terra/MODIS 1999
Aqua/MODIS 0.5 1 2002 Y
Suomi/VIIRS 2013
l\-’e.gemum\f]am:l cover/ Landsat 8 0.0 16 2013 v
irrigated area Landsat 9 2023
Sentinel-2A 0.02 10 2015 Y
Sentinel- 2B 0.02 10 2017 Y
Sentinel-3A 03 2 2016 Y
Proba-V 035 2 2013 Y
Vegetation stress ISS/ECOSTRESS 0.07 4 2018 Y
Photosynthesis FLEX 0.3 0.5 2022 Y
Water vapour Aqua/ATR S 13.5 1 2002 N

Integrated water budget



https://hess.copernicus.org/articles/21/3879/2017/

Casové proménné pole - podzemni voda, sucho

Z druzic viditelny efekt zavlazovani €erpanihlubinné vody)

Cerpanim doddvame do systému vodu, kterd by jinak je§té dlouho zistala pod povrchem
Napf.400,000km? x0.0001 km (10 cm)=40 km? (Balaton 2 km?)

Ovsem: vysledek 1-2x mésicné, pixel cca 300-400km

Confining layer
Unconfined
(impermeable) aquifer

Confined aquifer Water table well
{in unconfined aquifer)

op of the
onfined aquifer
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Source: Environment Canada
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Casové proménné grav. pole- prehled pozorovanych fenoméni
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? 15. Groundwater depletion and drought
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6. Precipitation increase
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Dékuji za pozornost!
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