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Outline

GPS Geodesy Infrastructure in the Houston area

Public available GPS stations (Hardware)

Stable Houston Reference Frame (SHRF) (Firmware)

Single-receiver phase ambiguity resolved GIPSY PPP resolution (software)

Current subsidence mapping (2005-2012)

Scientific Questions:

(1) Is there deep seated (or fault-controlled) subsidence in the Houston area?
(2) When will the current subsidence stop?
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Geodesy Infrastructure: Permanent GPS Stations

ille

nty

al e,

3

L Permanent GPS Statlons Wlthln the Houston Metropolltan Area (As of 2015)
L ."..‘f . Nl/&ﬁll a 1 Monty 4'llnﬁﬁ1 \ A 3 . \ ; Prey .‘1,_.
i:f-, \ | County ( . o A
“"}j‘ ] 2 N X . -.'C"LVD Liberty ( uulO "'._‘
AN ] | PA73 9 3 !
5 I L
5 llv’l;/\l?shf_;ﬁ‘é Praivje View Q =

&

e, innal Faract

_w7 pagr J‘,f " %5%‘ o
PA48 A SgG "':‘\ Plﬂﬁ A 3 ll.lw’., Ay lAln

PA"Q
JGS2 Or Kl-ln

Waller PAIT o

- T
| PA77 PA
. ‘ PAI8 N i‘ﬁ?
U ; g " 7 I\

\ Waller County PWG P 4

. Pag2
k| PA10 -
u@B ﬁ - x Pﬁz%kﬁ' o :
- TXRS PABS g 14 ﬁgaﬁo 33 "L AG TR
l‘,l‘ Fort Bergl ®un j T ] _ 0
'“ : . Pﬁlg

PA31 ; \
Ve ille 3 A W M
N i"“ O | ALVN .?..nlu 5 ‘tl
‘ o 4 ‘ : o
TXWH erten Q e B A | S ‘%ALL '
ANGE) o1 ty ‘ ,-
v < : Ve lan i Txlq\[' o
/ a/l ) Q .\ln:&nxm 0 ﬁ / :
‘;}«'«u Columbia AG o s 3 m PAM"(SO)
“~wild Peach Village l,.' e 'm % % @ - UH HoustonNET(50)
o '[s Dmnl KX CORS (40)
o mea RV T saoms
iy 7
- ol Eresnort _— Fault
-96° -955° -95°

170 Permanent GPS

Texas Department of Transportation 15+
NGS, Houston City, SmartNet, others

University of Houston



30"

29.5°

29°

HoustonNet

hlatianal Frrast B
Sl Permanent GPS Stations Within the Houston Metropolitan Area (As of 2015)
H N‘AAVEH' Montgom & T&N 3 TR < !
3 LCounty ( 0 g . [""‘!
E/\ CLVD Laber \w.\v\_’f
.‘: \ \ F
i @ TG
" m.j-,xT@E g \J’/J A
oy Wall
[f‘-\dk Val
h L hr o D4
B J o R sge- Az 40
. VO AA A\ .
lar Barity . H % o o
@9 Ll e
S ¥ a ';'/
‘g p e M P A C
G L
£ ) |- 4 "\5.‘\‘ s TXAC
P
o et X g
Wk Eal. Wi =
T T
] mg— ETF ;
o, . o
i oA e ol Sunm (’)HQB:’I " i o : 4
: | ‘
o ~ .4
) Ne
), Bl N
TXWH harton (/\\& i & A
% @ AN oria =y i Ee)
y, L ] &
ng| wx..\
'..\.-.n slumbia :
“=wild Peach Villige ! 'l“f“ © 8 @ UH HoustonNET(45)
] Jackson B—yood A CORS (50)
i 3 ‘L/ /O Salt Dome
© T)é(‘l‘ ity X s Sreeit B PAM(80)
! Freeport &
-96° 955 -95°

Subsidence, faulting, and salt dome uplift
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Hurricane intensity forecasting
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Helmert Transformation
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14-Parameter Similarity Transformation

X(®)surr =|Tx O+ [1+ s(O)]- X(t) 16508+ Rz (t) - Y () 16508 — Ry (£) * Z(t) 16508

Y(®©)surr =|Ty (®)|—|Rz(£) - X(t) 1650l T [1 + s(E)] - Y () 16508 [+ Rx (t) * Z(t) 16508

Z()surr = |Tz @©)|+|Ry (£) - X(t) 16508 — Rx(t) - Y (D) 16s08| 1 [1 + s()] - Z() 16508

(1) Translation along the respective axis (in meters)

(2) Differential Scaling of the respective axis (ppb)

(3) Counterclockwise Rotations (in radians)




14-Transformation Parameters

Transformation Parameter Unit 1G508 to SHRF 1GS08 to NAD83(2011)
t,=2012 t,=1997*
T (ty) cm 0.00000 99.34300
T,(2p) cm 0.00000 -190.33100 NGS
T, () cm 0.00000 -52.65500
R, () mas 0.00000 25.91467
R, (%)) mas 0.00000 9.42645
R, (2, mas 0.00000 11.59935
s(t,) ppb 0.00000 1.71504
dT, cm/year -1.07250 0.07900
dT, cm/year -1.05876 -0.06000
dT, cm/year -3.54574 -0.13400
dR, mas/year 1.15720 0.06667
dR, mas/year -0.93885 -0.75744
dR, mas/year -0.33224 -0.05133
ds ppb/year 1.37220 -0.10201

*Pearson and Snay (2013), Table 7



A comparison of positional time series with respect to three reference
frames: IGS08, NAD83, SHRF

Position time series at PATT and TXLI referred to 1GS08, NADB3, and SHRF
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Horizontal Velocity Vectors Referred to:
1GS08, NAD83, SHRF
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Recent Subsidence Mapping (2005-2014)
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Question 1: Is there deep-seated or fault-controlled subsidence in
the Houston-Galveston area?
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USGS Borehole Extensometers
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Co-Located GPS and Extensometer Monitoring Site (ADKS)
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Clear Lake—Jonson Space Center Sites

Clear lake Deep Borehole (-936 m)
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Conclusion: There were compaction between -235 m to -530 m.
No compaction below -530 m.
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Conclusion: Only partial of the Evangeline aquifer had been compacted!
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Subsidence Measured by GPS (cm)

Question 2: When will the subsidence cease?

Ground Subsidence vs. Evangeline Groundwater Head in Jersey Village Area
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Conclusion: It took 20 years (1978-1998) to halt the subsidence in the southeast part.



Summary

 The ground water and aquifer systems respond slowly to human actions. It
took almost two decades (1980s and 1990s) to halt the subsidence in the
south-east part of the Houston metropolitan area. Therefore, a long-term
perspective is needed to manage groundwater resources and control land
subsidence.

* The spatial and temporal variation of subsidence could be very considerable!
subsidence=f(x,y,z,t)

 There is no considerable deep-seated or fault-controlled subsidence in the

Houston-Galveston area. Current aquifer compaction is limited to about -
500m.



Thanks for attending the satellite conference!
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