Towards time-continuous long-term monitoring of global lakes and reservoirs: H31N-1940
a novel algorithm for improving temporal frequency of lake area time series

F. Yao, J. Wang, C. Wang, and J.-F. Crétaux. Constructing long-

Fan gfa ng Yao 1’ Jida Wan g 1’ Chao Wan g 2’ Jean-Fran (;Oi s Crétaux 3 term high-frequency time series of global lake and reservoir

Contact: fyao@ksu.edu; areas using Landsat imagery. Remote Sensing of Environment,
jidawang@ksu.edu 1 Kansas State University 2 University of North Carolina at Chapel Hill 3 Centre National d'Etudes Spatiales (CNES) 232 (2019): 111210, doi:10.1016/j.rse.2019.111210.

] [ ] [ & ™ - ] ] [ ] [ ]
Objectives Results: Validations on 400+ lakes/reservoirs Results: Applications on challenging scenarios
i i i g 5 g Badajos
Improved monitoring of inundation extent variations in lakes and reservoirs is Validation of recovered areas from simulated contaminations on good images =" e nam e e Tem e & A AR £ .
: : : : : : £ vV YiINATTL/ | 4 I T\ A/ Y 2 Y AN AL A | E - 2
crucial for assessing surface water resources in a growing population and a changing S — 2201 4 IRATATAYA VAR A SN AR AVIFAE LA n -'.**,-‘" | | S0 e -_;.-_--"
: : : i ; i o ’ ® 200 iy ¢ = I |/ ey 4| o sTe°
climate. Although long-record optical satellites, such as Landsat missions, provide = o ‘O;'OO - - - ¥ . Overall, recovered areas £ o ! 'S s 1! © 200
i : : i ; . : o R = 1. i _ i | _ S } . i : H = S X
2 S 104, 1.01 3 ) = t ¢ S i
sub-monthly observations at fairly fine spatial resolution, cloud contamination often S 1 RMSE=50.71(2.2% have a bias of only 2.2% S 100 Es' “ g |5 ons
= : . s : 1 | 5 | i '.“: » Complete areas (good images) = 5 U
poses a major challenge for producing temporally continuous time series. = 10°. «  More than 95% of the 2s0) [. i e | 2|, G Br0Ss
0 r b. tives .E E 0.8- - - 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 20 25 30
ur objec S 192 © studied lakes/reservoirs Ukai Water level (m)
. . o S : SR, T
* To improve the temporal frequency and accuracy of long-term water mapping g ® 0.6- have biases below 6.0% 500- v A 500 o -;-i"h
. . g 10 _ c o n e ] -
using Landsat imagery E : s £  The variation in recovered 400 1 P 'w‘ f/\ / 4001 . {E"‘
i ; : - 0 / g 4 . I ' * : f ; i ®
* To produce an up-to-date high-resolution record of global lake/reservoir area e 107 TEO-“ areas agrees well with 300+ _- \/ g 300 .. 3 5
. . - - d: . . i ] i i .‘ r »
time series (GLATS; https://lakewatch.users.earthengine.app/view/glats) 4 101 that in the actual areas in 200- 11.- i 200{ °*%° 0:(G):0.93
e 0.2 ) ps(G & B):0.93
o <o terms of both the slope 1992 ' 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 % 95 100 105
o 10771 : | | ' f ' ' . Tarbela
: i 2 i 250+
> 5 5 | and R? of the linear <1 Mg At oa s ALARPYERANRAARNDN LY o : . oo™
b 10_ ML L R L R L e B L LL B B R B B R AL SN B R Lk L R R L UL B B R R ' 1 i . ' - #, ,Hi :r h! FH -—— 3. . .= i i g“'-, E'n. ie " i f”:, I:Iil ol ¥ E: : ¥ f :L :! .’1 . ° aie o
1073 1072 107! 10° 10' 10 10° 10* 10° Slope R? RMSE regression (validation). Qo Wk N ATVIVIER NI w4 | ARG R “ 2 12’1,.1: L Loy - -:.e:""'"'
Actual areas from good images (km?) relativel R R R AN AN AV AT R AR A FARATA TS AR Sl 141 N KL
=N P IUHUYY Y YWY Ry b ey e,
| TS ¥ ) qi° : ¥ ! w2 p:(G):0.87
This method automates three steps to recover water areas from contaminated Validation of recovered areas by altimetry water levels A ¥ . o [y -y g
images on a cloud-based platform Google Earth Engine : T ' — —_— - - — - — 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 420 430 440 450 460 470
Inclusion of the recovered areas 10+ | | 1.0- 1.0- - | Pangong Water level (m)
. . . y . . . . 685 - °
Step 1: Leveraging multiple indices to optimize water mapping « Maintained high correlations 98- — : o —— 680 £ q?*-“";__ﬂaﬁf‘\r,fﬂ.ﬂ-fr-ﬁ"* O
A : : - - - . . 0.6- — 0.8 208 P v’ ’ i o o W'
« Step 2: Correcting errors from minor contaminations by isobaths extracted with altimetry levels : - N 680 . ‘:.
- 0.4- = 2 ' 7 . "
from cloud-free images * Improved the temporal o £ E ot e ¢ o
= (.21 => 0.6 o 0.6 oo | ) :
« Step 3: Recovering water areas under major contaminations through a vector- resolutions by an average ¢ g = o SN e P e
. . E — N— == ” e ] ® 5 LU,
based interpolation of 43% 3 02- 304_ :'204- 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 O i2d50 42855 azdco 42465
, Z0. i 50 Water level (m)
. 118°50'0"W 118°40°0"W . 118°50'0"W 118°400"W e |ncreased the ra nges of the ? 0.4- é | o Sreac st e oe
z — S ST 2 % g 5000 - : 5000 - .;-
§ LE, hypsometric curves 0.6 0.2- g 0.2- 4\ AET e, b
L o8
(area-level relationships) 0.8 ' " 40001 ¢: 'Ef\-'l W 40001 «f
. . 1 4 ; N Ay 4 . ] f'
 Potentially benefitlake & | | | 1 | | g i ‘".AJ -' e RY L AL A
> 3 Q > 3 Q S 3 Q 30001 ¥ :' if | 3000 05(G):0.87
volume change estimations o 0&0& O bﬁ 0050& F Obq;"“ @0& & i i Je00. 04(G & B):0.84
@006 @ ¥ & © ¥ X G = 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 1278 1279 1280 1281 1282
) ) Impacts of recovered areas from contaminated images on A-L correlations and temporal coverage This method was tested to be robust under various challenging scenarios, including fluvial lakes
S g in humid basins with frequent cloud contaminations, reservoirs with complex shape
3 B _ﬁ)i&\%ﬂﬂ}gﬁ;“‘*““;;g s ﬂ; s~ L geometries, water bodies in deep valleys with terrain shadows, high-altitude lakes with
LR EAGT (& . = ) S ey et TR e . . . . . .
o e e T %}? - e U B o L snow/ice covers, and saline lakes with high mineral concentrations.
: Current shoreline (partial) s :—ﬂ e & o o o o %{f\{; = | - 5% f 0 T e
ﬁll.ir;;ent iharTIine Missing shoreline o % = x%“: 0@08389 S__x__‘ ;\Oc;],/.\% Eﬁ&ﬁﬁf_ 0£{¢E:, @D@D o 8® i 35: . {";f\,
w—=_Higher shoreline mmm Higher shoreline o e Qfg @Y D - < o Q,i‘: o) % o] > N T
| ; = T RO GO o® Ly
memmss | ower shoreline # s | rivor shoralins { DCS Cb cn%. O = -0 3 Q} . 6'5’ % o H%}Q/ o .
&5 2w o BN g@ e %, ok Conclusions
.I \L\ '“:"‘*—“‘b :"ij '--H_V_r-\-_.\_q_&\ Q:\\ Om & :’ijf"!
| AN % N, TG B A S
> E ¢ S0, & e .1 . < 4 |
Changes in A-L correlations R o - P o o] By, S i ) 90 : : : -
Spearman's rho) %ﬁﬂfé 5 "$8%po %P 7 R\ ,,”% | . * This method could accurately estimate lakes and reservoir water areas from
® <-0.10 \ @B % g o C‘)g/ | Q\?;_:i:_f_jﬁi'i&f?‘?:;@a}% contaminated Landsat imagery with a mean relative error of 2.2%.
: - © -0.10--0.05 o /ﬁ o) v L ' et P Be M .
© | 0 -0.05-0.00 % @ ( e’c’%”! g . il AN < ¢ * The combined water area time series from both good and contaminated images show
ﬂJ (] H \l % Y @ '\I
e : O 0.00-0.05 - | [ . o8 , . : : .
@ | o TG | °e/ L’ Lj-hw_ﬁo o » strong correlations with altimetry water levels, with Spearman’s rho greater than 0.8
= 1 : ) B ' T o s .
o : : o >010 o ¥ & for most lakes/reservoirs.
= | : - 2
- A i | S - L * The combined area time series increased the monthly coverage using good images
_ : : =il : g TV T e . .. :
L ; | | .= _ ﬁ,‘?\ ' alone by an average of 43%, achieving a bi-monthly frequency for open surface water
: : | s 3 i
Current shoreline (partial) - - . W\*@: FD % mapping.
Missing shoreline : : : e h Y s 22 ° i A _, % o
i i : : : | ; ‘:::k M@ © ‘D e% ‘I'f - - - - - - -
=== Higher shoreline a ) ar é}%f}"“ IR giﬁh“ﬁ?o ) i P ;’%9 £ * This method has a potential to i) assisting water area recovery for other optical and
mems | ower shoreline . ' | W e SR ] o gl R . - < . i
Partial lake area under image mask ./ S % QVE__?fE e e Q%e SAR sensors (e.g., Sentinel-2 and SWOT), and ii) estimating lake/reservoir storage
. "} & ,= ( o L\ | ;:} - X" P e f . . . . - - -
inprovement (Kjof = OG-y % B \ e %Q,@” h&%\y 3% _ variations in conjunction with altimetry sensors.
Validations temporal coverage mﬂéﬁt“‘?’--xh wﬁp & " /7 M A LA
® 0-10% . f’ ) 0 A4 "f"f f---ff"-h_
I 0- 259 o QS) O%\E’% ' K’ 2 8§ ( ' : Q\\l:;f Fgﬁivﬁhhﬂﬂ} Ny . efge
1) Complete areas mapped from good images were used to assess the recovered i B \ Y b WL el SR D t A I b I t
. : : . : 0 25-50% ?.@ o) | | [ @ed) o) A § . a a Val a 11 y
areas from simulated partial observations in the same images. R, ke %gp \ %{ TR o N
o | [ 0or Y T ) S : : : : : :
_ _ _ _ _ s =10k A . o - R Y Our produced global lake/reservoir area time series (GLATS) will be available on the website
2) Comparison with altimetry water levels in terms of area-level (A-L) correlations. ©  100-200% ﬁ E & hittas:/ Nakeismtol dsers eaithtiolng sboAlen /it or upon reasonable request
; : ’ o o : : ; . .
Altimetry levels were acquired from Hydroweb, DAHITI, and USDA G-REALM. % w0 : - | o




