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S1 Explanation of data assimilation parameters and equation

The following two equations describe the data assimilation methodology at each timestep:

Xa =xp+ K[y —Yel, (S1)
__ Wioc*Cov (Ve Xp)
- cov(Ye,Ye)+R (SZ)

In equation S1, the matrices X, and X, describe vectors of the prior and posterior respectively. Each matrix includes an
ensemble of values for each climate variable and geographic location. The innovation (y — ye) is the difference between the
proxy observations and the prior estimate of the proxy value as calculated by the proxy system model. The innovation is
spread to each location and variable according to the Kalman gain matrix (K) which is a square root ensemble Kalman filter
(Whitaker & Hamill, 2002).

As quantified by equation S2, K is a function of the covariance between the prior estimate (ye) with each climate variable at
every grid cell (xy). This is the invaluable step of DA which updates the target climate variables according to the information
contained by proxy observations to create a uniform gridded dataset. Two additional factors are also included in K: a

localization radius matrix (wiec) and positive diagonal error covariance matrix (R).

As the geographic coordinates in the x, matrix become more distant from the proxy observations, wiec can decrease from 1 to
0 according to a predefined localization radius and is unitless. For the DAMP-21ka reanalysis, the wi,c matrix weights the
innovation according to a fifth-order polynomial so that the K is reduced with distance from a given proxy sites and locations
further than the cut-off radius are not updated (Gaspari & Cohn, 1999; Tardif et al., 2019). R represents the uncertainty of
the proxy observation in the squared units of ye. Specifically, a radius of 8,000 km and R of 302 (900) was selected based on
validation experiments to test the sensitivity of these two parameters (Table S3). Overall, reconstruct skill is relatively
insensitive to these parameter choices, but lake status reconstruction skill is generally highest with small localization radius
and R values due to coherent trends among nearby lakes and differing proxy and model covariances between distant regions.
However, skill metrics calculated using the withheld pollen data suggest that larger values may be more appropriate. We
selected the chosen parameters based on their high skill as measured by correlation with calibrated precipitation records both

globally and in North America which is the one region with high densities of both lake status and pollen proxy records.
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Table S1: List of lake status proxy records used in the data assimilation. The TSid is a unique identifier for the appropriate time
series in the LiPD file. Duration represents the difference between the maximum and minimum age of the record. Any records
spanning more than 21,000 years were assigned a duration of 21 kyr. Source indicates the data compilation from which the data
was sourced. OLSDB ('89) refers to the Oxford Lake Status DataBank (Street-Perrott et al., 1989), ELSDB ("95) refers to the
European Lake Status DataBase (Yu and Harrison, 1995), FSUDB ('98) refers to the Former Soviert Union lake status DataBase
(Tarasov et al., 1996), CLSDB ('01) refers to the Chinese Lake Status DataBase (Yu, 2001), NALDB ('20) refers to the North
America Lake level DataBase (Liefert and Shuman, 2020), ESADB (*21) refers to the Eastern and Southern Africa lake status
DataBase (De Cort et al., 2021), and ALSDB ('23) refers to the Australian Lake Status DataBase (Clerke, 2023). The publication
column references the original data generators as identified by the data compilations. * indicates sources for which the full citation
was not provided by the data compilation.

Site TSid Lat Lon Elevation Duration Source Publication

(name) (unique identification in LiPD) ©) @) (m) (kyr) (compilation) (original)

Achit Nur glsdb_RtkfrU5Q83NdXulhJ 495 90.6 1435 15.4 FSUDB ('98) Dorofeyuk (1988)

Adley Lake (Parker's Prairie) pdRrmkVD3TsBOeoXn7g 46 -95 440 12.2 NALDB ('20) Digerfeldt et al. (1992)
Afrera OLS_R7IUETuUtIOR 13.42 40.83 -82 11.8 OLSDB ('89) Bannert et al. (1970)

Agadem OLS_RF7pv7UUDFw 16.83 13.33 350 10.3 OLSDB ('89) Commelin (1980)

Aiding Lake glsdb_RbCIJW18gQQ5mDFghH  42.67 89.27 155 21 CLSDB ('01) Lietal. (1988)
Alexandersfontein OLS_RrOZmMhgLUP -28.83 24.8 1119 21 OLSDB ('89) Butzer (1973)

Almora Lake (Parker's Prairie) pdRAEGWYw7cNROLp8sM 46.21 -95.3 440 13 NALDB ('20) Digerfeldt et al. (1992)
Alsacia OLS_RhL9KDPT14X 3.9 -73.85 3100 20.9 OLSDB ('89) Melief (1982)

Ard El Akhdar OLS_R5sFsSYnjHwW 23.18 26.03 950 11.8 OLSDB (89) Kropelin (1987)

Asal OLS_ResQaXkzZnvE 11.6 425 -155 14.2 OLSDB ('89) Eldridge et al. (1975)

Baijian Lake glsdb_RIEVHNyzxfywU2jjc 3915 10417 1282 21 CLSDB (01) \F;\j‘j:ﬁ;rﬁa‘:n ((11%%55)) Zhang &
Baisuhai glsdb_RaatZB8xeEnBBSfTF 4259 11593 2000 15.4 CLSDB (01) (Cllgg‘g‘) Kong (1992); Cui et al.
Balikun Lake glsdb_RDMSVABAFI9IryMXS  43.7 92.8 1575 21 CLSDB (01) :22 g 5322 8338; Han (1991);
Bancannia OLS_RXfu7xAGzWB -30.82 141.93 107 18.3 OLSDB ('89) Dury (1973)

Bangge Lake glsdb_R3LT1FqtZDBMsNjfg 31.75 89.57 4520 21 CLSDB ('01) Zheng et al. (1989)
Bangongcuo glsdb_R3g0c6OM7SCUS0z0] 337 7942 4241 21 CLSDB (01) (nggnlg);e;ue’:hélgsfl??('l-é;é;"
Beaver Lake pdRMMxRg4ypwnub7vhk 42.45 -100.65 910 12.9 NALDB ('20) Schmieder et al. (2011, 2013);
Bebedero OLS_R4idEFGEIHM 3333  -66.75 380 21 OLSDB (89) Gonzalez (1983)

Bebrukas glsdb_RIEzIYPs4e8GiKQhu 54.12 2455 160 13.2 FSUDB ('98) *Kabailiene (1965)
Beilikekule Lake glsdb_Rm3SKOWhnT8VFyYbK 3672  89.05 4680 15.4 CLSDB (01) hh‘:;ggfg? ((112216)) Li (1992);
BeloeChernoe glsdb_R1CJxh2D870B84p5I 55.72 37.35 145 13.7 FSUDB ('98) *Uspenskaya (1979)

Beysehir OLS_Ralxqdb5VXZ 37.75 315 1120 21 OLSDB (89) Roberts (1980)

Bilma OLS_RPARZQXyull 18.75 13 310 21 OLSDB (89) Delibrias et al. (1974)
Bogoria OLS_RIPtAFW735C 03 36.1 990 183 OLSDB (89) Young et al. (1979)

Boguda glsdb_RE05qs4g8aUVyOPGk 63.67 123.25 117 10.6 FSUDB ('98) Andreev & Klimanov (1989)
Bolshoi Kisegach glsdb_RVcm86dQvTOy4jry6 55.04 60.38 317 12.8 FSUDB ('98) Andreeva (1973)

Bonneville OLS_RLueiGtvS3m 40.5 -113 1280 21 OLSDB ('89) Bright (1966)

Borovoe glsdb_Rua3xYFKdL77ZvIUq 53.08 70.27 321 16.1 FSUDB ('98) *Berdovskaya (1989)




Bosumptwi WEB25059875 6.5 1.42 76 21 Original Pub  Shanahan (2006)

Bougdouma OLS_RgJGZeawOmd 13.3 11.7 320 14.2 OLSDB ('89) Gasse (1987)

Breadalbane OLS_RnZixdO7vMV -34.78 149.48 697 11.8 OLSDB ('89) Dodson (1986)

Bromfield OLS_RwqOKkY17CbA -17.38 145.55 755 11.8 OLSDB ('89) Kershaw (1975)

Bufflehead Pond pdRtg8eM5mtBLKQ8gkF 44.98 -93.53 300 14 NALDB ('20) Shuman et al. (2009)

Buir Nur glsdb_RYVsHCIS6xkVNNbFZ  47.75 117.7 583 11.4 FSUDB ('98) Dorofeyuk (1992)

Cahaba OLS_RhSo0Yiv8NM 335 -86.53 210 14.2 OLSDB ('89) Delcourt et al. (1983)

Carp OLS_Rn9jxxYJIDzK 45.92 -122.88 714 21 OLSDB ('89) Barnosky (1985)

Carson Sink pdR3iBvTIj5zwy8bjTI 39.83 -118.61 1180 15.5 NALDB ('20) *Adams et al. (2009)

Cayuga Lake pdRHN2PZ80FEgrQMUn0 43 7525 125 13 NALDB (20) *Mullins (1998)

Cepkeliu glsdb_RsYW3Wp9Ydg6M6dWT 54.02 24.52 130 12.8 FSUDB ('98) *Tamosaitis & Grigelyte (1977)

Chabada glsdh_RIV73pXSxBTcbPdin  61.98 12937 245 132 FSUDB (98) ﬁﬂggg f; QT"{?SQS)V (1989);

Chad OLS_Raj0ajwk8z1 13 14 282 21 OLSDB (89) Buckley et al. (1970)

Chaerhan Salt Lake glsdh_RtBqZresz13ZcXDiP 3693 9499 2675 21 CLSDB (01) ﬁﬁ‘;’:\gg " Z'I'. ((11288%);;1990)

Chagannur glsdb_RABUOowWbiRKHGx162  43.27 112.9 920 21 CLSDB ('01) Zheng et al. (1982); Xu (1993)

Chaiwopu Lake glsdb_RPI4dkUIGNYHshPoW 435 87.9 1002 21 CLSDB (01) fi“e?ta?"'((llg%%()’); Huang, (1990);

Chany glsdb_Rrakh9DbdtwzVOHE 5482  77.5 106 182 FSUDB (98) ; Orlova & Panychev (1985, 1986

Chemchane Aderg OLS_RajLAejX7H1 21 -12.12 260 21 OLSDB ('89) Chamard (1973)

Chenghai WEB2b92ddec 26.5 100.66 1500 13.9 Original Pub  Xu et al. (2020)

Cheshi Mweru Wantipa OLS_RIUAKXxfcWiL -8.87 29.68 928 21 OLSDB ('89) Stager (1988)

Chiconahuapan OLS_R2IDZP9z5wp 19.13 -99.67 2575 12.9 OLSDB ('89) Metcalfe et al. (1991)
Bolikhovskaya (1988);

Chistoe glsdb_R5HyGpw66PjeKOge7 55.78 38.32 160 13.7 FSUDB ('98) I9<5heo)tinskii (1977); Tyuremnov (1

Clovis OLS_RGC5Y4gspKt 34.25 -103.33 1250 12.9 OLSDB ('89) Damon et al. (1964)

Crooked Pond pdRFvsGhwWnaWLNCJZOB 41.89 -70.65 25 14.3 NALDB ('20) *Shuman et al. (2001)

Crose Mere glsdb_R2xWevaY QeuZtf6QD 52.83 -2.83 87 16.8 ELSDB ('95) Beales (1980)

Daba Nur glsdb_Rp5772NNZ6Zwnk9bF  48.2 98.8 2465 13.2 FSUDB ('98) Dorofeyuk (1988)

E:E:fida“ Xiaochaidan Salt o4 RIDRCZAHMXXgp7UIn  37.5 9537 3110 21 CLSDB (01) ﬁm Ztti'l ((11%88%))

Dali Lake WEB40d3e7b3 43.43 116.71 1226 15.2 Original Pub  Goldsmith et al. (2017)

Didwana OLS_R4YTIXp5Scl 27.33 74.58 350 17.2 OLSDB ('89) Singh et al. (1972)

Diss Mere glsdb_RsvGi6UQyUNPTBITz 5237 1.1 2% 137 ELSDB (95) Egglza(rlegtgj?;(i’ggg (1984);

Dobi Hanle OLS_RcDGJfgpBeC 115 42 120 21 OLSDB ('89) Fontes (1973)

Dolgoe glsdb_RFTNDMCiPjnnyQpzC  56.07  37.32 200 106 FSUDB (98) ﬁg;(ljgv(sllfai/?;(l%m

Duck OLS_RSzZC02C7Xj 41.93 -70 3 14.2 OLSDB (89) Winkler (1985)

Duncan Lake pdRiINPVIQECAX9XVLKu 44.65 -107.45 2820 19.9 NALDB ('20) Shuman et al. (2017)

El Gobernador OLS_R91mkIW7AkS 3.85 -74.35 3815 11.8 OLSDB ('89) Melief (1983)

ElAbra OLS_RFTXPMAWSI1C 5 -74 2570 21 OLSDB ('89) Schreve-Brinkman (1978)




Emerald Lake Leadville pdRfVT1wuHIGXRImUju 39.15 -106.41 3055 154 NALDB ('20) Shuman et al. (2014)
Enneri Bardague OLS_RphnQDokp38 215 17 1025 21 OLSDB ('89) Bottcher (1972)
Erjichuoer glsdb_RUCQtg2IEhHCB8aceS 45.23 116.5 829 18.2 CLSDB ('01) Zheng et al. (1992)
Etosha de_RrHZZSKXLTRIVTP7b 1881 163 1080 21 ESADB (21) g:‘gg‘k‘g;tza‘l’_' '(950%3’9223?11)
Fachi OLS_RK0oQn911SXJ 18.12 11.67 275 21 OLSDB ('89) Delibrias et al. (1966)
FortRock OLS_RHtOP2iCpt5 43.17 -120.75 1311 21 OLSDB ('89) Gilman (1975)
Frome OLS_RTxbwsdvMwm -30.75 139.83 -2 21 OLSDB ('89) Bowler et al. (1986)
Fuquene OLS_Rbr7K7EZgsy 55 -73.75 2580 21 OLSDB ('89) Van Geel (1973)
George OLS_RfoenkHHXTE -35.08 149.42 800 21 OLSDB ('89) Bowler et al. (1976)
George OLS_Ree2SxMXXUS 43.52 -73.65 96 14.2 OLSDB ('89) Hutchinson et al. (1981)
Glubelka glsdb_RUQINGgvSWYMVsSo 5495 2642 166 114 FSUDB (98) i:tﬂzﬂtg f;:l"a(klg’;az‘:)h (1973);
Gounongcuo glsdb_Rp4c98y81S27Jrj09 34.35 92.2 4670 21 CLSDB ('01) Lietal. (1994,1995, 1996)
Hassi El Mejna OLS_R2KXXymoXwo 315 2.3 470 10.3 OLSDB (89) Delibrias (1971)
Hay OLS_R9wwlYbD32V 34 1095 2780 21 OLSDB ('89) Haynes (1983)

Bennett (1983); Sims
Hockham Mere glsdb_RadxQK8OwTw1z75By  52.5 0.83 33 14.5 ELSDB (95) (1973,1978);

Godwin & Tallantire (1951)
Hook OLS_RpzZvDDmAg2c 42.95 -89.33 260 14.2 OLSDB ('89) Winkler (1985)
Hoton Nur glsdb_RKOITWI7BTIVEBC1s  48.67 88.3 2083 13.7 FSUDB ('98) Dorofeyuk (1988)
limen glsdb_RKUikr8SQCFj8WISA 583 3123 18 12.8 FSUDB (98) Em’l‘r’]‘;‘ﬁ 9(23'7'7()1992)5
loannina glsdb_RjLOCkWdc5jmOF60OK ~ 39.66  20.88 469 21 ELSDB (95) ﬁf;gesmg 932.7F’£i72566)
Isle OLS_RVAYM4Zh3Pk 52.62 -114.43 700 11.8 OLSDB ('89) Heusser (1983)
Jacob OLS_REUK7XDcRTY 34.42 -110.83 2285 21 OLSDB (89) Jacobs (1983)
Jilantai glsdb_RdTvvrasHozr3h3nJ 39.75 1057 1023 20.4 CLSDB (01) é’e‘f]gggftg:{e%g?fgéo)
Karase glsdb_ROWYYySCmVTALeUIL1 53.03 70.22 435 13.2 FSUDB ('98) *Aleshinskaya & Tarasov (1993)
KathuPan dc_RHCKG5EIJhrgaendp -27.66 23.01 1186 21 ESADB ('21) Beaumont et al. (1984)
Kepa glsdb_RQf8siYSAwqfszN5Q 49.4 22 320 12.8 ELSDB ('95) Gerlach et al. (1972)
Kettle Hole OLS_Ro4FH6vkuLB 43 -95 350 14.2 OLSDB ('89) Collins (1968)
Khimaditis glsdb_RdhIPUVAXFIR1iyNn  40.6 2157 560 13.7 ELSDB ('95) Bottema (1974)
Khomustakh glsdb_RocWmUmkwyUKAuKj3 63.82 121.62 120 12.8 FSUDB ('98) Andreev et al. (1989)
Kirchner OLS_Rcoxn5kpPMy 44.83 -92.77 275 15.8 OLSDB ('89) Brugam (1980)
Kirikumae glsdo_RXKPCYPx94BPtRhlp  57.67 27.25 183 11.4 FSUDB ('98) *Paap et al. (1975)
Kivu OLS_R41jw8OPsjM 2 29 1462 17.2 OLSDB ('89) Haberyan et al. (1987)
Kotokol glsdb_RjATa8iSp6CMXJ8jl 52.83 108.17 460 12.1 FSUDB ('98) *Vipper & Smirnov (1979)
Kow OLS_RoBxNxe0ixb -36.2 144.3 83 17.2 OLSDB ('89) Macumber (1977)
Krasnokamsk glsdb_RgGWX]Bi1AS1IYMVa 5805 557 NA 12.8 FSUDB ('98) ;lzkwal%\\l/?s(elvg?fggz)
La Guitarra OLS_RusPjLSBZcB 3.87 -74 3450 18.3 OLSDB ('89) Melief (1984)
Lacha glsdo_R7hkdOOGBJ3hKI7Sn 6259  37.67 118 114 FSUDB ('98) Eﬁ‘(’)ﬁ% flglgg?é)




Lake Abhe dc_RoPJLIYkv4lUFO570 11.2 41.8 240 21 ESADB (21) Gasse et al. (1977, 1978)
Gasse et al. (1978); Chalié et al. (
Lake Abiyata Ziway Shala dc_RAAfVOzQ1RfZpXCiJ 7.6 38.6 1578 13 ESADB (21) 2002)
Gillespie et al. (1983);
Lake Ashenge dc_RySXeliWSRaYp83Ai 12.58 39.5 2440 16.9 ESADB ('21) Marshall et al. (2009)
Williams & Johnson (1976);
Lake Baringo dc_RgEwgBBmdSIiiGTDX 0.53 36.08 965 16.9 ESADB (21) Tiercelin et al. (1987);
Renaut et al. (2000)
De Deckker (1982); Dodson (198
Lake Bullenmerri alsdb_RYICa3cQazrYcv5X8 -38.25 143.1 145 16.9 ALSDB (23) 2);
Barton et al. (1981)
Payne (1970); Moernaut et al. (2
Lake Challa dc_RUrpWCAvBwWIWEH3fP -3.32 37.7 880 21 ESADB (21) 010);
Verschuren et al. (2009);
Lake Cochise pdRNyQeqaj6PkSQY Y4b 32.17 -109.87 1260 16.4 NALDB ('20) Waters (1989)
Kershaw (1970); Haberle (1970);
Lake Euramoo alsdb_Ry6VXVLOQFeNWdwNz -17.17 146.63 718 21 ALSDB ('23)
Tibby et al. (2007)
\ Wilkins et al. (2012);
Lake Gnotuk alsdb_R6zkcwN3HGg789qJZ -38.21 142.88 102 12.2 ALSDB ('23) De Deckker (2012)
. . } \ Wilkins et al. (2012);
Lake Keilambete alsdb_Rr5MbvKjYX3TKfPk4 38.22 143.1 104 10.9 ALSDB ('23) De Deckker (2012)
Beadle (1981);
Lake Malawi (Nyasa/Niassa) dc_RH8bNWO06sFmdsdTL5 -12 345 468 21 ESADB (21) Scholz & Rosendahl (1988);
Specht & Rosendahl (1989)
Williamson et al. (1999);
Lake Masoko dc_R3rschqd5bcegLVGp -9.33 33.76 840 21 ESADB (21) Barker et al. (2000);
Gibert et al. (2002)
} \ Williamson et al. (1999); Barker
Lake Masoko dc_R3rschqd5bcegLVGp 9.33 33.76 840 21 ESADB ('21) et al. (2000); Gibert et al. (2002)
Richardson & Richardson (1972);
Lake Naivasha dc_RoV8HYeEONZIZgucE -0.76 36.35 1885 21 ESADB (21) Washbourn-Kamau (1975);
Richardson et al. (1986)
Lake O' Pines pdRn4uVv5xmEy3QbRZo 46.14 -89.25 520 13 NALDB ('20) Ewing (2000)
Lake of the Woods (Wyoming) pdRPXtR2BTGSS5KCKTm 4348 -10089 2820  17.9 NALDB (20) -riby! etal. (2014); Pribyl and
Shuman (2014)
. . } \ Clark et al. (1970); Haberyan
Lake Rukwa (Likwa / Leopold) dc_RWIDiCkaR8UFX6Fx7 8.42 32.72 802 19 ESADB ('21) (1987); Talbot et al. (1989)
. \ Lamb et al. (2007); Marshall et al
Lake Tana dc_RMdAeNBJaiit2JTu0 12 37.25 1830 17.7 ESADB (21) _(2011): Costa et al. (2014)
Livingstone (1965); Stoffers et al.
Lake Tanganyika dc_RhBignsOlyJ2R0fz8 -6 29.5 773 21 ESADB (21) (1978); Haberyan &
Hecky (1987)
i ) Butzer (1971);
Lake Turkana (Rudolf) dc_RenAoTAY Nasxf26Ji 35 36 362 19.5 ESADB (21) Butzer et al. (1972)
Stuiver et al. (1960);
Lake Victoria dc_ROZsNyyufSWArEMCn -1 33 1135 18 ESADB (21) Kendall (1969);
Stager (1984)
Lake West Okoboji pdR889sQHzAg5FOKATS 46.3 95.2 430 14 NALDB (20) Van Zant (1979)
Laksa glsdb_RBIOJc9bH1V28A49 62.8 40.58 109 10.6 FSUDB ('98) *Krylova (1987)
Leconte OLS_Rt3bg80lkfc 33.33 -116 71 15.8 OLSDB ('89) Crane et al. (1958)
Linton Loch glsdb_RPAg7kAQ6ze8ATY8N 55.87 -2.63 92 10.6 ELSDB ('95) Mannion (1978, 1981,1982)
Lisan Dead Sea OLS_Rz4NEhuh5D0 315 355 -395 21 OLSDB ('89) Bedwell (1973)




Woodward et al. (2014); Ellerton

Little Llangothlin Lagoon alsdb_Rms0UCC;jsgi0Y5tYS -34 141 1350 21 ALSDB ('23) gtlil) (2014); Shulmeister et al. (2
Little Windy Hill Pond pdRkoO11xxFGVWJeL 62 41.43 -106.34 3000 17.1 NALDB ('20) Pribyl et al. (2014)
Lop Basin glsdb_RbjxcQSWOIswzL7N 4029  90.8 790 21 CLSDB (01) \Z(gingt 35_""("15}393?1); Wu (1994);
Lubanas glsdb_RPQs9txdKyr32AeNy 56.77 26.92 91 12.8 FSUDB ('98) *Eberhards (1981)
Lubbock OLS_RF4kqHZt5Ej 33.63 1019 975 12.9 OLSDB (89) Holliday (1985)
Lukcze glsdb_RgdJzQFcRiLjgQsyM 51.5 23 170 13.7 ELSDB ('95) Balaga (1982)
Lunkaransar OLS_REKcgVZxfZQ 28.5 73.75 200 12.9 OLSDB ('89) Singh (1972)
Lynchs Crater OLS_RFZ5ftnO2t2 -17.37 145.7 760 18.3 OLSDB ('89) Kershaw (1974)
Mababe dc_RITKQMSS5jsRqd7Zg4 1885 2416 919 21 ESADB (21) Spgx ggffgmiza("i’geégi' (1986);
Magadi Natron OLS_RI1ULIUXXxAIf -2.12 36.04 600 19.4 OLSDB ('89) Butzer et al. (1972)
MaineSoroa OLS_RPogGSF6ido 13.12 12 315 12.9 OLSDB (89) Durand (1984)
Makepeace Cedar Swamp pdRXoXk6qKsU102x2C4 41.93 7077 35 137 NALDB (20) g'ﬁu""rg;’negtazl _(igggi;)
Malo Jezero glsdb_RBENXFEJOh920UJ1w 42.78 17.35 0 10.4 ELSDB ('95) Beug (1961; 1962)
Lin et al. (1996);
Manasi Lake glsdb_ROvgCXsqYcCKOhtUO  45.45 86 251 21 CLSDB ('01) Rhodes et al. (1996);
Sun et al. (1994)
Manyara OLS_Rrt4iAcWTIK -3.62 35.82 945 21 OLSDB ('89) White et al. (1982)
Melekhovo glsdb_R6rjJzNp3gs3fgaad 56.83 385 150 12.8 FSUDB ('98) Khotinskii (1977)
Melynllyn glsdb_R003XZUZms80Hfgo4 53.12 -4.12 632 114 ELSDB ('95) Walker (1978)
Mendota OLS_RxvOLmMnnQsQ 43.1 -89.42 259 14.2 OLSDB ('89) Steventon et al. (1986)
Mexico OLS_RTsihKwmPMu 19.5 99 2240 21 OLSDB (89) Bradbury (1971)
Mirror Lake pdRmwkDfwebu28KUWTk 4395 717 350 16.9 NALDB (20) :Bzz:z ft‘;‘:rglgsggz);
Mobutu Sese Seko OLS_ROIYyZ8sKNw 15 31 619 21 OLSDB (89) Harvey (1976)
Moore OLS_RwLxfQP11eP 53 1105 500 14.2 OLSDB ('89) Schweger (1983)
Nabta OLS_Rrtm3chd7C5 23 31 250 21 OLSDB (89) Wendorf (1980)
Washbourn-Kamau (1971);
Nakuru Elmenteita dc_R30M68alOleosMJsf -0.4 36.17 1760 21 ESADB ('21) 8Bzu)tzer etal. (1972); Vareschi (19
Naroch glsdb_Ry5wjkRUFZtb3ZMe) ~ 54.85  26.85 120 16.1 FSUDB ('98) thﬁzng ?i§é7()1992);
Ngami de_RALFWQodnN5i4bkIl 205 2273 919 21 ESADB (21) f‘m"t"sg;i‘?w)?aﬁﬂi";te;f"('z(gggf)?
Okoboji OLS_R4a8rMDILX2 43.33 -95.2 425 15.8 OLSDB ('89) Van Zant (1979)
Osintsevo glsdb_REw4m54skNbnw09Ru  57.37 57.63 148 12.1 FSUDB ('98) *Kokarovtsev (1992)
Owasco Lake pdRI5vmKthSzy19ntp3 42.75 =775 350 13.6 NALDB ('20) *Dwyer et al. (1996)
Owens Lake pdRKIOXgPCWIFftTUYC 36.45 -117.97 1085 21 NALDB ('20) *Bacon et al. (2006)
Florschitz et al. (1971); Vogel &
Padul glsdb_R1cWI4BhMrruhzwNN  37.03 -4.63 785 21 ELSDB ('95) Waterbolk (1972); Menéndez
Amor & Florschitz (1962, 1963)
Paidre glsdb_RefnHESLhtu4cgdZo 58.27 255 51 13.2 FSUDB ('98) *M%onnil (1964)
Pashennoe glsdb_RVKZDSEqoU6WsFRuX 49.37 75.4 871 13.7 FSUDB ('98) *Tarasov (1992)




Patzcuaro OLS_ROKPLG6ezuC 19.58 -101.58 2044 21 OLSDB ('89) Pollard (1982)
Pickerel OLS_RifcldFjsr2 435 9733 395 11.8 OLSDB (89) Haworth (1972)
Pluvis glsdb_R9kAGDKMgd7FrTKAX  45.63 5.63 215 11.4 ELSDB ('95) Borel et al. (1987, 1990)
Poukawa OLS_RES8t9IMfyob -39.77 176.73 21 17.2 OLSDB ('89) McGlone (1978)
Punso glsdb_RSG30jjpuRvnTxcPT 57.68 27.25 183 11.4 FSUDB ('98) *Saarse et al. (in press)
Pyramid Lake pdRADOOOGMQGUOHfFHZ 4006  -119.56 1155 21 NALDB (20) gfigsgsne?;‘" é%%%%);
Quexil OLS_RSQIFjVgiso 16.93 -90.12 110 12.9 OLSDB (89) Deevey (1978)
Raigastvere glsdb_Rv3yiDEgizxQfMoh8 58.6 26.73 52 11.4 FSUDB ('98) *Pirrus et al. (1987)
Rainbow Lake (Beartooths) pdRsQ687U7RBI0gSdyE 44,94 -109.5 2960 17.9 NALDB ('20) Shuman et al. (2017)
Rice Lake - Middle Basin pdRQVUAQiTzs00iU2HT 44.21 -78.13 185 13 NALDB ('20) Yu & McAndrews (1994)
Rice Lake - West Basin pdRyrnRCmOiv8zpgLvf 44.11 -78.3 185 13 NALDB ('20) Yu & McAndrews (1994)
Ruby OLS_RXjJiwKiDO4 40.58 -115.33 1818 21 OLSDB ('89) Thompson (1984)
Ruby Lake/Marshes (Franklin) pdRUteHT9P1yzhdRamQ 40.12 -115.49 1820 21 NALDB ('20) *Thompson et al. (1990; 1992)
Russell OLS_R28mFojQksk 38.05 -118.77 1951 21 OLSDB ('89) Fergusson et al. (1962)
Rutz OLS_RAcSotekegB 44.87 9387 314 14.2 OLSDB (89) Waddington (1969)
E)éd:)r Pond (Cape Cod, MA,  101S0E1Q93x2IF Vi 4197 7003 0 169 NALDB (20) Winkler et al. (1995)
Saham Mere glsdb_RjM6nrEzITtio%hiD 52.57 0.8 38 11.9 ELSDB ('95) Bennett, (1988)
Sambhar OLS_RO2T7DUh8I2 27 75 360 12.9 OLSDB (89) Agrawal (1971)
Sanguijuelas glsdb_Ro7NNJdIdoLeOpe5t 421 -6.73 1050 18.6 ELSDB (95) Z'ggif“izzgmor & Florschiitz
Schwemm glsdh_RGNYIURXTQI7iJA5 4758 1217 664 105 ELSDB (95) gzgg: ggéiﬁer (1989)
Searles OLS_RfD6MNIONoM 35.6 -117.7 493 21 OLSDB ('89) Flint et al. (1958)
Selima OLS_R1vmDg2WuOy 21.32 29.34 200 11.8 OLSDB ('89) Haynes et al. (1979)
Sevan glsdb_RnpTnvzFRVIXRURM9  40.5 45.42 1898 145 FSUDB ('98) *Aleshinskaya (1980)
Sevier Lake pdRYWQALFxQBODNOIiQ 39 -113 1500 14.6 NALDB ('20) *Oviatt (1988)
Silver Lake (Mohave) pdRObHPWOODs54avzaw 35.34 -116.11 275 21 NALDB ('20) Wells et al. (2003)
Somino glsdb_Rdbe8liHHCA4B9h4zR 56.6 38.8 134 11.4 FSUDB ('98) *Neustadt et al. (1965)
Sporovskoe glsdb_RXz420FakwN2Lo3jn 52.33 25.33 142 13.2 FSUDB ('98) *Krutous (1986, 1987)
Sudoble glsdb_RCEZctmeQoQfB4LhB 5403  28.1 165 132 FSUDB ('98) E&%‘:g:@:‘gfgﬁgel (1985)

Truckle (1976); Garcin et al. (200
Suguta dc_RaXS2zgzVE8JupshM 2.05 36.5 275 13.9 ESADB (21) 9);

Junginger et al. (2014)
Tagua Tagua OLS_ROVfSZGskJH 345 7117 890 21 OLSDB (89) Heusser (1983)
Tauca OLS_R4P4Wwpe8Jd -19.5 -68 3660 21 OLSDB (89) Servant (1978)
Termit Ouest Kandel Bouzou ~ OLS_RmpO87FXnN9 16.08 11.25 300 12.9 OLSDB ('89) Faure (1963)
Tigalmamine OLS_RTKjwB4161Z 32.9 5.35 1626 185 OLSDB (89) Lamb (1989)
Tritrivakely OLS_RMB81PKgdBEz -19.78 46.92 1800 12.9 OLSDB ('89) Burney (1987)
Tuuljarv glsdb_RzgK9phQ7j32u2HQ8 57.69 27.14 257 11.4 FSUDB ('98) *llves & M%oemets (1987)
Tyrrell OLS_RIAO1405W9b -35.33 142.78 42 21 OLSDB ('89) Bowler et al. (1986)
Upper Big Creek Lake pdRopkg651V11NRNtq6 40.91 -106.62 2750 12.7 NALDB ('20) Shuman et al. (2015)
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Urmia OLS_RnQ2dbxrFsX 37.63 455 1284 15.8 OLSDB ('89) Kelts et al. (1986)

. , Andreeva (1973);
Uvildy glsdb_RX9BFmh1gNkFJyKg)  55.53 62.37 273 145 FSUDB (98) |1 otinskii (1977)
Uyuni Basin Re-10716-8022-462F8400 99 68 3660 178  Original Pub  Placzek et al. (2006)

. \ Arslanov et al. (1992);
Valdaiskoe glsdb_R1oC3wYqH5GVhkJoo  57.98 33.27 192 13.7 FSUDB ('98) Khotinskii (1977)
Valencia OLS_RVw6WINBACI 10.1 -67.75 402 15.8 OLSDB ('89) Bradbury (1981)
Wabamun OLS_RbIGNR4xJrB 53.5 -11425 732 10.3 OLSDB ('89) Fritz (1973)

Walker OLS_RzgaAnmIHbH 35.5 -111.67 2700 21 OLSDB ('89) Long et al. (1981)
Wanum OLS_Roe2Ri2GOD9 -6.63 146.78 35 11.8 OLSDB ('89) Garrett-Jones (1979)
Washburn OLS_RXKCFWVRanL 43.53 -89.65 248 11.8 OLSDB ('89) Winkler (1985)
Weber OLS_Rh1QgEylyEm 47.47 9165 559 12.9 OLSDB ('89) Fries (1962)
Wedge OLS_RtESqFQmMPOU 50.87 -115.17 1500 11.8 OLSDB ('89) MacDonald (1982)
. . ) \ Schmieder et al. (2011);
West Twin Lake (Nebraska) pdRfOJh6SjI3emsFmsY 42.4 101.44 1045 15 NALDB ('20) Schmieder et al, (2013)
White OLS_R4QPDsPOJVX 34.16 -80.76 90 21 OLSDB ('89) Watts (1980)
Brodin (1985); Hjelmroos
Wielkie Gacno glsdb_RnLObU24wi4sFRD2H 53.73 17.2 130 13.7 ELSDB ('95) (1981, 1982) Hjelmroos-
Ericsson (1981);
Wintergreen OLS_RzEmio4JrEJ 424 -85.38 271 15.8 OLSDB ('89) Manny et al. (1978)
. \ Hu (1995); Li et al. (1995);
Waulanwula Lake glsdb_RPWOspiG4JWWOZfE7  34.8 90.5 4854 21 CLSDB ('01) Shan et al. (1996)
. . . , Li & Zhang (1991); Li (1992);
Xiaoshazi Lake glsdb_RcpjnSVIRHxJ7RmJr 36.97 90.73 4106 15.4 CLSDB ('01) Huang et al. (1996)
Zheng et al. (1989);
Zabuye Lake glsdb_R3FgE1gAAXCWTIEDY 31.35 84.07 4421 21 CLSDB ('01) Zheng et al. (1996); Qi &
Zheng (1995)
Zeribar OLS_R14ZgdIg3vP 35.53 46.12 1300 21 OLSDB ('89) Hutchinson et al. (1963)
. \ Huang et al. (1980);
Zhacang Caka glsdb_RytCIFIhiFGSboHSh 326 82.38 4328 21 CLSDB ('01) Zheng et al. (1989)
Zhangzang Chaka OLS_RAPLKNVwmMIW 325 82.33 6000 19.4 OLSDB (89) Fu-Bao et al. (1987)




Table S2: List of pollen proxy records calibrated to mean annual precipitation. These data were used to independently validate
data assimilation. The TSid is a unique identifier for the appropriate time series in the LiPD file. Duration represents the
difference between the maximum and minimum age of the record. Any records spanning more than 21,000 years were assigned a
duration of 21 kyr. Records are compiled by Hancock et al. (2023) for the Holocene Hydroclimate (HH) dataset. LC indicates those
from the Legacy Climate dataset (Herzschuh et al., 2023).

Site TSid Lat Lon Duration ~ Source Original

(name) (unique identification in LiPD) ©) ) (kyr) (compilation) (Publication)

Achit Nuur IcRHKtvcIHMQRItXV6E 51.58 104.85 20.6 LC Sun (2013)

Aegelsee IcRiIO79S9IX3TwY9hPY 46.65 7.54 13.7 LC Lotter (1991)
Agerods Mosse IcRXxfTrPDKVUtCFt7rs 55.93 13.43 10.2 LC Nilsson (1964)
Albany River Bog IcRzIW30GuXnInc3Msu 51.44 -83.62 59 LC Glaser et al. (2004)
Alp Lusga Belalp 1 IcR2SXI1d19wohfxxdbD 46.23 7.59 7.7 LC van der Knaap (1997)
Alut Lake IcRDoKSIINMOKI1PgMf 60.14 152.31 21 LC Anderson (2002)
Andy PYTCPIAOO6Y 64.65 -128.08  13.2 HH Szeicz et al. (1995)
Avstjonna IcROGEASzqUKcowM16T 61.65 9.88 13 LC Birks (2012)

Ayoo de Vidriales IcRXz9wnygIFdmBJCJe 42.13 -6.07 16.7 LC Morales-Molino (2014)
Baahar Nuur Lake IcRDISFQ3FGujgZJ3LN 39.32 109.27 5.8 LC Huang (2009)

Bakaly IcRKi1dhBg6WuciB6US 41.87 71.96 6.9 LC Beer (2008)

Battle Ground Lake IcRM5Y QeikjGgODpYRD 458 -12249 21 LC Barnosky (1983)
Bayanchagan Lake BY IcRmLoUTd7IMmW?7hE5 41.65 115.21 115 LC Jiang (2006)
Beaverhouse Lake IcROtMDEQsOa6CKzEBo 46.15 -85.49 6.2 LC Ritchie (1976)
Beaver Lake IcRhapwgU8yMeacBLgK 44.92 -88.16 5.8 LC Calcote (2003)
Bebrukas Lake IcRuTlgjPrHd2xH329d 54.09 24.12 145 LC Kabailiene (1986)
Bebrukas Lake IcRYFM1oW2BMerncgWT 54.09 24.12 17.2 LC Kabailiene (1986)
Bebrukas Lake IcR7JrQa2)JWOMECcIIwG 54.09 24.12 17.2 LC Kabailiene (1986)
Begbie Lake IcRfmVxd7PePxotBtxX 48.59 -123.68 14 LC Brown et al. (2019)
Bell's Lake IcRCIhUix5Q0aVYiSJ3 65.02 -127.48  12.2 LC Szeicz et al. (1995)
Benson Pond IcRyuLsl0devWnXL9UK 42.38 -73.09 14.7 LC Oswald et al. (2018)
Berry Pond IcRmoUYX9CAfAdUW9IRe 42.62 -71.09 14.9 LC Whitehead (1979)
Berry Pond IcRFk9bWY JHqyCtFNx8 425 -73.32 14.2 LC Whitehead (1979)
Bibersee IcRux6T4mIrYOkwQels 47.21 8.47 14.2 LC van der Knaap (2001)
Bitsch-Naters IcRoOCXWDdV0uxUvztLb 46.34 7.99 111 LC van der Knaap (1997)
Biviere di Gela IcRvxK7zhrGHggmmSr5 37.02 14.34 7.5 LC Colombaroli (2009)
Black Gum Swamp IcRLcJzCjoqgEKwWHQBs 42.54 -72.18 145 LC Foster et al. (1993)
Blood Pond IcRFOyuRIleyddE3MuQ9 42.08 -71.96 15.2 LC Oswald et al. (2018)
Boomerang Lake WEB31e807ae 49.18 -124.16 118 HH Brown et al. (2006)
Brede Bridge IcRraSSIL4ehrOMpeyc 50.91 0.68 5.9 LC Waller (1994)
Breitnau-Neuhof ICRWWzCPyjezteZo74a 47.93 8.07 12.7 LC Rosch (1989)
Bruckmisse IcR4iehaNeTVyPOO2np 48.73 8.64 4.9 LC Rosch (2009)
Bruckmisse IcRseG41EyZPFn7vBuL 48.73 8.64 7.7 LC Rosch (2009)
Brurskardtjorni IcRLALDzbV8deVOFSpS 61.42 8.67 12.1 LC Bjune (2005)
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Buck Lake
Bugristoe

Bulgarian Black Sea
Burden Lake

Caddo Creek (Core 3)
Cahaba Pond

Camp 11 Lake
Cangumiao

Canyon Lake

Cape Shpindler
Capitola Lake
Carquefou
Chadianpo
Chantemerle

Chaohu Lake CH1
Charco da Candieira
Chesapeake Bay (MD99-2209)
Chifeng-Qiguo Mt.
Chuna Lake
Cing-Mars-la-Pile
Clear Lake

Clear Lake

Col des Lauzes
Compass Pond
Cooley Lake
Coppermine Saddleback
Crater Lake
Crowfoot Lake
Csogle

Dags Mosse

Dailey Lake

Dallican Water
Darko

Deep Lake
Deep-Falmouth Pond
Deep-Taunton Pond
Delorme 2

Devil's Bathtub
Divers Lake

Doel

Dolgoe Lake

IcRIOMh5hio8S16zqLN
IcRQoeD5swxv5zB9KeA
IcRUewusWil9G28ut2a
IcRi9rpgU3KNzoGhTeP
IcRPzK3bolAUBI4YPWm
IcRVRNI9Y OspeS2qWiq
IcCRYUf2GzuKWalw7Cls
IcRJ9bcRX8zajMu6bEY
IcRPBnamW5NHR8VPMKn
IcRaeEm3p5q0v5R3dkJ
IcCRH47ExCxsXc3fhZVO
IcRI85X30d0JpEYzLbl
IcRxjdbi8n5mfOcteLV
IcRKr2FoigFt9fdow2J
IcCRRQAESiOSvKg2mTq7
IcRz2jklJHWfxKMvv1z
IcR8NSSZHAIFIBflvWP
IcRO3YZIwKcvi9NBBso
PYTI39I3NOG
IcReM30B315r999fKee
IcRm2HAyYL90w8Vn9ldV
IcRKzoswtatggh9p86e
IcRScfMGWPopcFIEwve
IcRRxSIrTN8OVtHnbmp
IcRUbe6c1j2j2brm13y
IcRE5QbPJOFLNw7ktuv
IcRQgznauTtY1MfGgdK
IcRIsbmXFmyXRKKhM7a
IcRtQQC74Cocv8dlgiq
IcRBfIzOEaoKY40pCu0
IcRWXs10S7FPp0sIlOC
IcRYN4y5FCQnOBuDu6s
IcRPtpeHk3QmKrusMf8
NAm2kHydro215
IcRIZG930UnsBEDKSaM
IcRgGONgMKpMbG6TNGY
IcRICjQTzvniz5XIx4q
IcRDYi20GIO0A0nb0O2J
IcRkBG21jDkwtgKcx6y
IcRf6K3Ujfi8s5aGQ2k
PYTISXSSSBC

4652
58.25
42.47
426

32.05
335

46.67
38.97
46.83
69.72
4552
4731
36.1

45.92
31.56
40.34
38.89
42.28
67.95
47.34
4164
43.13
4477
50.03
49.49
67.83
49.19
51.65
47.22
58.32
45.26
60.39
49.64
41.62
4156
41.88
54.42
43.02
43.04
51.32
71.87

-86.35
85.17
28.41
-73.56
-95.51
-86.53
-88.02
118.6
-87.92
62.8
-89.56
-1.48
114.4
0.02
117.39
-7.58
-76.39
118.97
32.48
0.45
-86.54
-93.43
6.54
-56.2
-117.65
-115.32
-120.1
-116.42
17.25
14.71
-110.82

15.87
-70.58
-70.64
-71.01
-69.93
7757
-78.4
4.25
127.07
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7.7

12.4
9.7

14.1
11.7
5.3
11.7
14.6
10
4.6
4.2
4.6
113
14.7
7.2
8.7
8.8
9.2
16
13.8
13.9
15.3
75
4.2
12.7
13.6
7.1
8.8
14.1
111
14.2
11
15.6
16.1

11.6
15.4
6.3

14.1

LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
HH
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
HH
LC
LC
LC
LC
LC
LC
HH

no pub on record
Blyakharchuk (1989)
Filipova-Marinova (2014)
Gaudreau (1986)
Albert (2011)
Delcourt et al. (1983)
Brubaker (1975)

Xu (2004)

Davis et al. (1991)
Andreev (2001)
Calcote (2003)
Cyprien (2001)
Zhang (2007)
Fauquette (1999)

Wu (2008)

Van der Knaap (1994)
Willard et al. (2005)
Xu (2002)

Solovieva et al. (2005)
Carcaud (2002)
Baker et al. (1992)
Baker et al. (1992)

de Beaulieu (1977)
Blake Jr (1986)
Gavin et al. (2006)

no pub on record
Heinrichs et al. (2002)
no pub on record
Juhasz (2002)
Goransson (1989)
Krause et al. (2015)
Bennett (1992)
Rolecek (2020)
Marsicek et al. (2013)
Oswald et al. (2018)
Oswald et al. (2018)
Richard et al. (1982)
Clark et al. (1996)
Miller (2003)
Deforce (2011)
Wolfe et al. (2000)



Domsvatnet
Donggi Cona
Donvold
Dossaccio Bormio
Dragonfly Lake
Dune Lake

Dvur Ansov
Eggen ob Blatten
El Maillo mire
Embouchac

Enos Lake

Etang d'y Cor Montana
Felchowsee
Felchowsee
Found Lake
Frechencourt
Gallanech Beg
Gerry Lake
Gitanga (Gi-2)
Gladkoye Bog
Goat Lake
Gomishan

Lake Gonghai
Goose Bay Marsh
Gould Pond
Grachen See
Graham Lake
Grande Briere
Grant's Bog
Grasvatn

Grays Lake

Grey Islands
Grosser Krebssee
Grosser Krebssee
Gunnarsfjorden
Gur

Gytgykai Lake
Hail Lake
Haircut Lake
Halos |

Hams Lake

IcRnIXDINOtImIywl9G
WEBbf48ea2b
IcRnH3;jf8tH4CILNO43
IcROAhAppvA20XgJvAi
IcRZ0Zg8mFwmuOuhnO7
IcRXeYKFhQZCcI9FryEQ
IcR1bQbrAUTWjAjkdSV
IcRouwX4QfecNxAemPx
IcRYHQZme5i2N0fBzz0
IcRhScBDOfWzXEnwplA
WEB10ea8a20
IcRR7x41VDYDCPUJV8T
IcRRBI4D2Fg9Zb4tvGP
IcRpbhleSqLgRXKnBNF
IcRSMV;jIC246WXbuLnK
IcRKKBJ6j334zCND9v4
IcRQz7vdye6CXMQO3SI
IcRgOFX7kDsVIxAdcdh
WEB1392075b
IcRTqdPXHtWaFMg3hMc
IcRQIMDBHfroXBLQbUd
IcRfkhpLwl5zDhzsObe
WEBbc36fb7b
IcRlao41kuFDZ74153k
IcRpmbA744mctx0iYnT
IcRQNNJ7W71Kng8MaOe
IcRCyUpvGwoKyOEvQkqg
IcRmOmMrZ1GmmbIFM6W3
IcR811cfllc7gPTWCct5
IcRaZ195pzisAqfMKRi
IcR89DqINtE3c8u20Ba
IcRquihWeSVoCRQXYyT
IcRCOIuIMrTNYijSm8z
IcRabb4phk9C21J0xj0
WEB09437cc2
IcRGzeoFV49AbtHIxKb
IcRy71huBaQ6uF11NXS
IcRzxniarUSTTRDhKkh
IcCRjJEweSTJIryZAYGb1l
IcR9Wrg5WflyKPDnOgq
IcCREZhF3Ls6YkH3b9dK

70.33
35.22
68.13
46.47
60.81
64.42
48.78
46.37
40.55
43.57
49.28
46.31
53.06
53.06
45.55
49.95
56.38
53.65
-3.7
55
60.26
37.15
38.54
44.35
44.98
46.2
45.18
47.37
49.79
63.7
43.07
50.77
52.85
52.85
71.04
53.03
63.17
60.03
60.52
39.16
43.24

31.03
98.33
13.58
10.34
-135.34
-149.9
16.42
7.99
-6.21
3.92
-124.15
7.48
14.13
14.13
-78.64
2.43
-5.5
-121.51
29.77
83.33
-149.91
54.06
112.14
-75.87
-69.32
7.84
-77.35
-2.25
-125.13
8.69
-111.44
-55.52
141
14.1
28.17
51.84
175
-129.02
-133.21
22.84
-80.41
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11
121
8.9
12.8
10.8
126
8.9
8.3
10.7
8.1
105
155
54
73
12
47
145
11.1
12.9
11
9.2
10.8
147
8.2
15.8
9.3
13.9
6.1
141
124
21
11.4
6.9
45
9.2
21
17.2
11.8
74
78
12.9

Lc
HH
LC
LC
LC
LC
Lc
LC
LC
Lc
HH
Lc
Lc
LC
Lc
LC
LC
LC
HH
LC
Lc
LC
HH
Lc
LC
LC
LC
LC
LC
LC
LC
Lc
LC
LC
HH
LC
LC
LC
LC
LC
LC

Hyvarinen (1976)
Chen et al. (2020); (2014)
Nilssen (1983)

van der Knaap (1997)
Edwards et al. (2015)
Bigelow (1997)

no pub on record

van der Knaap (1997)
Morales-Molino (2013)
Puertas (1997)
Brown et al. (2006)
van der Knaap (1997)
Jahns (2000)

Jahns (2000)
McAndrews (1981)
van Zeist (1980)
Davies (1997)

Gavin et al. (2009)
Bonnefille (2000)
Anderson (2002)
Anderson et al. (2017)
Leroy (2013)

Ding et al. (2017)
Rippke et al. (2010)
Jacobson Jr (1987)
Welten (1982)

Fuller (1995)

Visset (1979)
Lacourse et al. (2019)
Moe (1996)
Beiswenger (1987)
Evans (2002)

Jahns (1999)

Jahns (1999)

Allen et al. (2007)
Mokhova (2009)
Anderson (2002)
Cwynar et al. (1995)
Edwards et al. (2015)
Bottema (1988)
Bennett (1987)



Heal Lake

Heart Lake

Hermit Lake

Lake Hidden

High Lake

Hopschensee

Hulun Lake

Humber Pond 3

Hurecka slat

Iffigsee

Irvin Lake

Jaslo

Jaunay

Jay Lake

Jiji (Ji-2)

Jingbo Lake

Jones Lake

Karas'e Lake

Karasye Lake
Kayakskoye Zaimitschye
Kendegelukol Lake
Kinnshaugen

Knob Hill Pond
Komaritsa Peat Exposure
Kotyrkol' Peat Bog
Koycegiz Golu

KR02

Kuruyange (Ku-1 and Ku-2)
Kuruyange (Ku-1 and Ku-2)
Labsky dul

Lac a Leonard

Lac a Sam

Lac aux Quenouilles

Lac Bastien

Lac Caribou

Lac Colin

Lac de Bretaye

Lac de Praver

Lac des Grenouilles

Lac des Roches Moutonnees

Lac du Lauzon

WEB?7ec5f35f
IcRQfIIOANIXiGkOQCz
IcRXLkyFOBBg5jAZeV9
WEBe3940424
IcRSOefHRT1BJR9ikbT
IcRP11grEDTPMBg8KEk
LPDc4757948
IcR3bIWhA552iIKLT1e
IcR1ZBXuVhPXDI8IDZT
IcRNGsvORdc2JExg4ck
IcRuSpCMYC2GUPBBzzd
IcRRsJBLTTrGwZpaako
IcR71kJf5CzZFUBWMTZH
IcRIKbOXTRs7gaPoBqC
WEB1392075b-dup
IcRS3drKNxjECOBHubn
IcRCHNgCXxJyC7boD1V
IcREJxJv4v4Xedw8NHU
1cR8mj67gLS492AWEIG
IcRIShOUMEWYSwvTehJ
IcRKnkmvI3WSopJhUG5
IcRuxGIk7M2jIBZRV X9
IcR7PMjhhOCIIBCapWw
IcR2i3W5G42BwI55d4z
IcR24ksEG9b6zeB53ZK
IcRY9JluMsRhPsnGrPq
PYT4D9VTHOK
WEBD6841ael
WEB4fba7605
IcRiIW7mrxVo28FuA6iC
IcRn8pfW2aOkGuGkhHo
IcRxEJjleCcL9BE7yhk
IcRqZ63xorXscRkaQkU
IcRZEIQ110W378d9TOj
IcRdtSI7jfYKWCMOSIH
IcR3VLvepAl8jPQ0Jap
IcRTAPYumbvCzcHXAOG
IcRUGWWEexWpwOLUISO
IcRKSI9CEIDrCS6N9y5
IcRxypeANGtrKSWT7tq
IcROpAQxk5A00bN70YYy

4854
44.18
38.09
29.81
4452
46.25
49.13
43.64
49.15
46.39
47.14
4978
46.66
46.23
-3.92
395
49.45
49.37
53.03
55
50
61.11
44.36
57.5
52.96
36.88
71.34
-3.58
-3.58
50.76
49.21
46.65
46.17
46.4
482
46.72
46.33
45,07
4.1
56.77
44.68

-123.46
-73.97
-105.63
92.54
-76.6
8.02
1175
-79.48
13.33
7.41
-93.64
21.47
-1.89
-89.28
20.67
109.5
-99.29
75.4
70.22
81
137.05
10.36
7237
69
70.38
28.64
-113.78
29.68
29.68
15.55
-65.81
72.98
744
78.92
-64.94
703
7.07
5.86
7.48
-64.82
5.79
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117
125
138
12.1
121
16
11
44
12.8
113
14.7
10.4
9.3
10.4
10.9
9.6
113
6.3
6.2
6.9
16.3
10.8
141
10.4
48
5.2
10.2
21
12.8
21
10.7
1.2
13
10.7
13.2
13.2
1.7
8.1
8.2
49
7.2

HH
Lc
LC
HH
Lc
LC
HH
LC
LC
Lc
LC
Lc
Lc
LC
HH
LC
LC
LC
LC
LC
Lc
LC
Lc
Lc
LC
LC
HH
HH
HH
LC
LC
Lc
LC
LC
Lc
LC
LC
Lc
LC
LC
LC

Brown et al. (2006)
Whitehead (1990)
Anderson et al. (2021)
Chen et al. (2020); (1999)
Fuller (1995)

van der Knaap (2000)
Wen et al. (2010)
Weninger et al. (1989)
Svobodova (2002)
Schworer (2015)
Alwin (1982)
Harmata (1995)

Joly (2006)

Ewing (2000)
Bonnefille (2000)

Li (2011)

Teed et al. (2009)
Tarasov (1995)
Tarasov (1994)
Anderson (2002)
Blyakharchuk (2004)
Birks (2012)

Oswald et al. (2018)
Anderson (2002)
Tarasov (1992)

van Zeist (1975)
Peros et al. (2008)
Bonnefille (2000)
Bonnefille (2000)
Engel (2010)

Labelle et al. (1984)
no pub on record
Savoie et al. (1979)
Bennett (1987)

Jette et al. (1992)
Mott (1977)

Thole (2016)
Nakagawa (1998)
Finsinger (2020)
McAndrews et al. (1977)
Argant (2000)



Lac Faribault

Lac Petel

Lac Superieur de Fully
Lai Nair Schuls-Tarasp
Lake 31

Lake Bayanchagan
Lake BI2

Lake CH2

Lake Grinnell

Lake Jake

Lake LB1

Lake Solso

Lake Solso

Lake Tianchi

Lake Varna

Lake Voulkaria

Lake WAO1

Larix laricina Site 5
Lavau

Le Fourneau

Le Gesvres

Lej da Champfer

Le Marais de la Perge (South)
Lembolovskoye lake
Lille Kjelavatn

Lily Lake

Lily Lake

Lily Lake

Litlvatnet

Little Cheyne Court Walland
marsh

Little Swift Lake
Little Willey Pond
Loch a'Chroisg
Loch Cleat

Logne

Lone Fox Lake
Long Breach

Long Lake
Longquan Lake LC2
Loon Pond

Lorraine Lake

IcRbXTYXmalHDE2ZQHZ
IcR4Qzw6ICy4TeiUSBMG
IcRb4cZaToq9bdOpTUO
IcRMHuDYTr400GY4YFQN
IcR8K3KbvN8GOh5iSkH
IcRclY1yYQ8Kg5SvVWo
ICRU9WVv8XbnApg52K5R
IcRVWx7hzKylZOr6Ue9
IcRTFzF91dSdpIxVIsK
IcRq6t1IHrB7zThN9av
IcRJebEqyeZJeTWr9gD
IcR6XGIZJI6sUMOSpGg
IcRonkgxC20uZ5Khx00
IcRLUGWe6u9sNwCWBAO
IcR1sSWPAUEHYUSrmwNE
IcR92SM1LEHTVnz3T6Q
IcRBEvaydIFwOnSZuma
IcRz3iMAf5YXkg554az
IcCRQLFkYUzygFavzbXIl
IcRO66HhB9HOPSTIGWS
IcRzquiL84dpfidywy3
IcRU88QgoMtobQ78a50
IcRiPXC1QOIC1ugFpbT
IcRuBI86L2fbLUHGeuU
IcRyQRzcwKdCEM16Z9h
IcRPClzys1FJAv11nWi
IcRjUN7IrKnYMS1DSr3
IcROBIER30Uzr1elNaV
IcRUKEb6BNbJCwWvGQcS

IcRyc8tsEYpBLQV53H9

IcCRUFhLpJJEIgFJy1fm
IcRMPkP0JPngepgKt5J
IcR1zcvITpHe7Gu20zc
IcRI5gQAZ1C6sIQ2wzM
IcRsKj7HRaEa8Csoe9n
IcRGoh2qGUcOrSspCnQ
IcR29zCRtzbPXSErk70
IcRZKWC1fAUMWEFcopmS
IcRCI2bFYEIi8iIDZ3pT
IcRtljGbgEMRcxcyRwF
IcRI9DLYVIplptYxuLt

58.87
50.55
46.18
46.78
67.05
41.63
57.12
49.68
41.1

63.67
57.92
56.13
56.13
25.87
43.2

38.87
61.24
57.72
47.34
48.44
47.27
46.47
45.38
60.36
59.8

59.2

47.91
41.98
68.53

50.96

60.22
43.29
57.57
57.62
47.33
56.72
51.07
415

31.08
45.03
46.14

7172
-66.27
7.09
10.28
-50.47
115.23
-76.38
-74.58
-74.64
-65.15
-75.62
8.61
8.61
99.28
27.83
20.83
-136.93
-75.81
-1.93
-0.19
-1.6

-1.11
30.31
7.25
-135.4
-89.09
-120.21
14.93

-159.77
-71.18
-5.14
-6.28
-1.5
-119.72
-3.69
-106.37
112.24
-68.2
-86.48

14

6.6
8.7
11
157
52
115
8.1
8.7
16.8
9.7
74
11.2
6.8
185

10.2
10.5
4.4
6.5
21
9.8
12.2
6.9
12.9
8.9
12.6
9.6
11.7
12.6

4.6

12.8
13.2
43
121
4.8
12.3
6.6
13.3
21
14.7
9.8

LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC

LC

LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC

Richard (1981)

King (1986)
Finsinger (2007)
Welten (1982)

Eisner et al. (1995)
Jiang (2010)
Gajewski et al. (1992)
Garralla (1991)

Zhao et al. (2010)
Miller et al. (2005)
Gajewski et al. (1993)
Odgaard (1988)
Odgaard (1988)

Jiang (2019)
Bozilova (1994)
Jahns (2005)
Ravindra (2009)
Pev-+alba et al. (1997)
Voeltzel (1987)
Barbier (2000)
Ouguerram (2002)
Gobet (2005)

Diot (1995)

Avrslanov (2001)
Birks (2007)

Cwynar (1990)
Cwynar (1990)
Cwynar (1990)

Bjune (2009)

Waller (1999)

Axford et al. (2004)
Oswald et al. (2018)
Pennington (1973)
Birks (1983)
Barbier (1997)
MacDonald (1984)
Fyfe (2003)

Carter et al. (2017)
Liu (1991)

no pub on record

Calcote (2003)



Lough Mullaghlahan
Luganskoe

Lukaschin Yar Peat Exposure
Mallard Pond

Mansell Pond

Marais de Keswick
Marais de Lisle
Marcella Lake
Masatjornet
Miancheng M1

Mica Lake

Mission Cross Bog
Mohawk Pond

Mono Lake

Mont Carre Heremence
Moon Lake

Morttjern

Motta Naluns

Mrtvy luh

Mshinskoye raised bog
Myshetskoe-Dolgoe
Natla Bog

Nelson Lake

Newark Valley Pond

Nizhnevartovsk
No Bottom Lake

Northeast Shark River Slough
Novoalex peatland
Novo-Uspenka

Nutt Lake

Old Field

Ospitale

Over Gunnarsfjorden
Oygardstjonn

Ozerki

Padul Lake

Padul Lake

Padul Lake

Paidre

IcRShwFkjy6CGJ3eBei
IcRCHeP7xkqOkeh2M2L
IcR6zfg40KfwrtKMP1E
IcRtxJOO58HFi2L TtPf
IcRsGKE1HtShd5fiLfc
IcRO5uuYvKoZnUNKOyb
IcRws8Utuil7583vk4v
IcCRTMSt7gELRNTYCnb3
IcR8fc8B2pDMdMUjVUF
IcRXvbC4hazRnHK1FGt
IcR51PFKIQgno4VsZWI
IcRrhdt8mGJgTgCwlu9
IcRgMVsDdQMDFs182dW
IcRf9gq05AeCrcXDAIG
IcR1110DdZhuZLCfO81
IcR30DiGVrOdeMTGOjO
IcR9d3tUR71Zym2GxwZ
IcRgDGHBB8seTJysUnfr
IcRQWUtESOegKY'YHxvG
IcRURPnnXHhtNCJhPrL
IcR85IhuFYet9fvVBIm1
IcRQaFKDkPHIf6LdubV
IcR2ADpVVLUJQObZHQZ
IcRFg61logbAXRKtuir
IcRHrOMi2BPU20eX6XI

GHB8d2bed43

IcR6YXnNeDv2fjyHQOH
IcRM94MG6etHseLCjV6
IcRLulYb48KtEKGIREq
IcRD3uw2NInVEYyYVEDB
IcReP7TW9LscM4pX9SP
IcR3bsuKx5tY1leHYdiF
IcRPMFnjpsyrThm2wUI
IcRNCuYpM1BbEmsE2Jo
IcCR6LYfIIRUIVSNa84H

WEB-c8f6e-2665-4cfa-846a-
481f4

WEB-9a7cd-c928-4876-9177-
0f783

WEB-a01b8-a050-4ceb-bh3c1-
e41a3

IcRo20fFrTOGM5uCDb8

54.78
43.72
61
51.29
45.04
442
4743
60.07
61.56
30.18
60.69
4178
4181
38.01
46.15
46.86
59.06
46.81
48.87
59.01
56.07
63.02
46.23
39.67
62

41.28

25.75
55.12
56.62
45.22
37.12
44.16
71.04
59.63
50.42

37.01

37.01

37.01

58.28

-8.47
40.7
78.5
-101.32
-68.73
-79.51
-1.49
-133.81
10.27
113.22
-148.14
-115.48
-73.29
-119.03
7.37
-98.16
11.62
10.26
13.88
29.98
37.33
-128.8
-85.38
-115.77
76.67

-70.11

-80.58
41.04
84.17
-79.45
-89.83
10.78
28.17
7.99
80.47

14.6

11.7
8.6
10
44
6.2
9.1
13
11.4
10.2
98
18.7
132
8.2
13.8
115
11
6.4
11.6
148
10.1
78
21
12.4

51
8.1

111
5.6
5.9
13.2
11.8
14.3

21

21

21

7.3

LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC

HH

LC
LC
LC
LC
LC
LC
LC
LC
LC

HH

HH

HH

LC

Fossitt (1994)
Efremov (1995)
Anderson (2002)
Teed et al. (2009)
Almquist-Jacobson et al. (1995)
Dinel et al. (1986)
Ouguerram (2002)
Edwards et al. (2015)
Birks (2012)

Yang (1998)
Anderson et al. (2017)
Thompson (1984)
Gaudreau (1986)
Davis (1999)

Welten (1982)

Laird (1996)

Birks (2012)

van der Knaap (1997)
Svobodova (2001)
Avrslanov (2001)
Kremenetski (2000)
MacDonald (1983)
Delcourt et al. (2002)
Mensing et al. (2008)
no pub on record

Marsicek et al. (2013);
Dunwiddie (2013)

Glaser et al. (2013)
Novenko (2016)
Blyakharchuk (1989)
Bennett (1987)

King (1981)

Watson (1996)
Allen (2007)

Birks (2007)
Tarasov (1994)

Camuera et al. (2022)

Camuera et al. (2022)

Camuera et al. (2022)

Saarse (1995)



Pannel Bridge
Pashennoe

Pavullo nel Frignano
Penegor Lake
Perch Lake

Pillon Gsteig-Diablerets
Pixie Lake

Point Escuminac
Poland Spring Pond
Pos'yet Bay

Pretty Lake
Pur-Taz Peatland
Pye Lake

Qindeli

Qinghai Lake
Qongjiamong Lake
Ranger Lake
Ratasjoen

Redrock Lake
Regetovka

Reidel Lake
Reiersdalvann
Rhamnus Lake
Rice Lake

Rice Lake

Ridge and Slough (02-05-21-5)

Riviere-aux-Feuilles 2
Rogers Lake

Rogers Lake

Ruppert Lake

Ruppert Lake

Rusaka (Ru-1 and Ru-3)
Rusaka (Ru-1 and Ru-3)
Rutz Lake

Ryerse Lake

Sa Curcurica
Saksunarvatn

Salada Pequena

Salmo Lake
Sandvikvatn

San Joaquin Marsh

IcCRwISZXS9bXTLaFfY
1cR9TrdUideka9MU4fK
IcRDPE8R2LI9LGh8POb
IcRKSAUVxPgaePuZst2
IcRyOxxsKid1XcvzymT
IcRAWIfFKCrGROUHNRO
WEB69d58fad
IcRLarbP2pT7p0Kh393
IcRuSyi5hCNJTteCp9X
IcCRSIAYzn1UZ8xPJ3S8
IcRPJLJE7kvEsaM11zp
IcRhVCufSo9bBzCcMnH
IcR5p1vThyYhjbhn154
IcRidIzjKtSWUMIPMg0
WEB6d14587e
WEB&a860e0be
PYTCYFOYQTU
IcRJaPY XhPFpzwSAIlk6
IcRgNrP3cF80kd3KGC3
IcRXIdXWx5lunOLzL9u
IcR6BJIfRZckOtBFbZP
IcRIvs0QO0rvw2CWchWs
WEB4581¢605
IcRSsAlzeDWcvyViph6
IcRaqgtkY UpcVFmXJnVU
IcRtm2ngesiKFgeghXe
IcRfnxvwwCGEBTBVKcZk
GH6d568132
IcRqQrMGXooyrseV4cP
IcRLjFgm2COLZCD5g59
IcRITy31dNFpYMrrFH7
WEBalc23512
WEBSffcaee?
ICRWHzMmVY'Y cDf6K32p
IcRig1prtgFDpKinLF2
IcRoGFzRew9WTAEknal
IcREQ7pulGiJ4dGVajz
IcRNeTKafVV1Glibo2e
IcRti961uQQTbmLruU3C
IcCRUIZGHarjNxAiW1nX
IcR3h58B1XxMNHKPYwiY

50.91
49.37
44.32
46.62
51.65
46.36
48.6

47.08
44.03
42.63
41.58
66.7

44.98
47.88
36.67
29.81
67.15
62.27
40.08
49.42
46.21
58.33
48.63
48.01
44.2

25.83
58.22
41.21
41.35
67.07
67.07
-3.43
-3.43
44.87
46.13
40.46
62.24
41.03
60.45
59.28
33.66

0.68
75.4
10.84
-88.86
-100.9
7.2
-124.2
-64.8
-70.35
130.8
-85.25
79.73
-62.09
133.67
100.58
92.37
-153.65
9.83
-105.54
21.28
-95.28
7.79
-123.72
-101.54
-78.14
-80.77
-71.95
-72.17
-72.3
-154.23
-154.24
29.62
29.62
-93.86
-85.18
9.79
-7.16
-0.22
-133.56
5.49
-117.86
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11.4
10.8
15.3
9.7
6.1

12
12.8
15.1
9.5
15.3
5.6
14.1
13.6
12.1
121
21
115
114
9.9
131
10.9
111
10.6
5.7
4.2
6.1
11
17.8
15
14.2
9.2
21
13.1
10
8.3
8.9
4.8
115
9.6
8.8

LC
Lc
LC
LC
Lc
LC
HH
LC
LC
Lc
LC
Lc
Lc
LC
HH
HH
HH
LC
LC
LC
Lc
LC
HH
Lc
LC
LC
LC
HH
LC
LC
LC
HH
HH
LC
Lc
LC
LC
Lc
LC
LC
LC

Waller (1987)

Tarasov (1994)

Vescovi (2010)

Calcote (2003)

no pub on record

van der Knaap (1997)
Brown et al. (2006)
Warner et al. (1991)

no pub on record
Anderson (2002)
Williams (1974)

Peteet (1998)

Mott et al. (2009)

Xia (1988)

Chen et al. (2020); (2002)
Chen et al. (2020); (2003)
Brubaker et al. (1983)
Velle (2005)

Maher Jr (1973)

Wacnik (1995)

Almquist-Jacobson et al. (1992)

Birks (2007)

Brown et al. (2006)
no pub on record
McAndrews (1969)
Bernhardt et al. (2009)
no pub on record
Marsicek et al. (2013)
Davis (1967)
Brubaker et al. (1983)
Brubaker et al. (1983)
Bonnefille (2000)
Bonnefille (2000)
Stuiver (1975)

no pub on record
Beffa (2016)
Johansen (1982)

no pub on record
Edwards et al. (2015)
Paus (1982)

Davis (1992)



Schoodic Peninsula Hollow
Secret Valley Marsh

Selin Lake

Selitkan-1 Exposure

Seven Lakes

Sharkey Lake

Sihailongwan Maar

Simplon/Gampisch-Alter Spittel

South Rhody peatland
Spicer Lake

Spirit Lake

Spruce Pond

Stages Pond
Staroselsky Moch
Steerenmoos
Stewart Bog
Storsandvatnet
Straldzha mire
Straldzha mire
Styggtjarnen
Sudoble Lake
Svartvatnet
Svatoborice-Mistrin
Svencele Bog
Swampbuggy Lake
Tangle Lakes

Taul Zanogutii
Taylor Lake
Tianchi Lake
Tiavatnet

Tioga Pass Pond
Tlsta hora

Tom' River Peat
Tourbiere Caribou
Tourbiere de la Lande

Tourbiere de Lanoraie
COTEAU JAUNE

Tourbiere de Lanoraie
STJEAN

Tourbiere de Parcay-sur-Vienne

Tourbiere du Peschio

Trettetjorn

IcRKhWUhuchl1A6KVzZ9
IcRVjgMr8niCWzIOTrs
WEBdd4fa361
IcRKWdAzk5gaaCCDOMh
IcRIQnhC5noD5c3isF7
IcR5SRLpHOGIAs4Q4SW
LPD6fdee25b
IcRNhx0TV2RqvrweSW7
IcRwZudUZIMj01vQXF2
IcRwnVuzjxKgclQwSslI
IcRIKT6GYUTH14Ybu8w
IcRgKkHNOCyyYoGbYOA
IcRzbcPN2Y2gyo09iwZ9
IcRaesu0dd88X29ftIX
IcR6TINRWTCcVYIuBUZX
IcCRSPWLIHIWSTWIrKGG
IcRsxQJCal75WkUpl5m
IcR0aDYyLrxCMKEkXI7
IcRyf5ECfdUuscy1RT4
IcR410L8xuHdTs39hQR
IcRYR1SVCS4M1mdG6Hg
IcRKJgcToTVwvmD59ym
IcRyY8usOXnFvIOiGrN
IcRaRjP3JKMmyWhjhW3
IcCRRMCoTqUxXIBPKGqtp
IcR4bKnn7hrgLKgZGr3
IcRLTWUKmMgSqLkVpHAA
IcRdS5DDFcpoNkFmck3
IcRdGds900LVuJWyouN
IcR5yi0K8vallpDMGjM
IcR87uwkt1JVSPUAXqa
IcRtqapfWIiGeedhj31W
IcRWjXOvOXsBSuCZKoz
IcRK61Zqovd5AsakNEX
IcRZggRfwDW(qi1fNgxF

IcR1Ale4eCK8RCZbrM1

IcROauZOEGEMIpLEs8f

IcRcR80WTM1A4RAUIRD
IcRw42ai03Y AwD4En3b
IcRSMPWfK6sspyzNgi4

44.37
40.57
31.65
53.22
40.9

44.59
42.28
46.23
46.57
41.76
46.47
41.24
39.67
56.29
47.81
35.83
63.46
42.63
42.63
62.32
54.03
63.35
48.94
55.5

63.05
63.03
45.33
46.1

35.26
63.06
37.91
48.89
56.17
47.64
43.57

45.96

46

47.09
44.45
60.72

-68.07
-120.27
89.14
135.05
-106.68
-03.41
126.6
8.01
-86.08
-86.52
-86.96
7418
-82.94
32.03
8.2
-105.72
8.45
26.78
26.78
13.56
28.1
8.88
17.07
21.29
-147.42
-146.06
22.8
12391
106.31
9.42
-119.26
17.89
84
71.24
2.97

-73.34

-73.22

0.48
3.6

17

8
111
121
7.9
4.2
114
11.8
11.6
10.5
15.2
14.1
17.1
4.2
135
8.9
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Rybnicek (2004)
Bjune (2005)
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Cao (2010)

Kuhl (1998)

Willard et al. (2001)

Gandouin (2002)

Li (2020)

Van Zant (1979)
Nelson et al. (2008)
Lacourse et al. (2005)
Waller (1994)
Bigelow (1997)
Suter (1985)
Grimm (1981)
Ciesla (1977)
Ciesla (1977)
Morita (1987)

Leipe et al. (2013)
Artyushenko (1982)
Elina (1981)

Herzschuh et al. (2006);
Chen et al. (2020)
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Table S3: R and wiqc sensitivity experiments. Mean reconstruction correlation coefficients are listed for experiments which use a
variety of combinations of the wioc (localization) and R uncertainty parameters. Values are similar to the skill metrics shown in
Fig. 5 and Fig. S4 which use an R of 10 and wiec 0f 8,000. For this table, the assimilation was performed with only 5 iterations for
computational efficiency.

lake status
(global mean correlation coefficient)
assigned uncertainty (percentile)
30

10
localization 10,000 0.37 0.37 0.37
radius (km) 8,000 0.33 0.33 0.33
6,000 0.26 0.26 0.26
precipitation
(global mean correlation coefficient)
assigned uncertainty (percentile)
10 30 50
localization 10,000 0.34 0.34 0.34
radius (km) 8,000 0.39 0.39 0.39
6,000 0.41 0.41 0.41
precipitation
(North America mean correlation coefficient)
assigned uncertainty (percentile)
10 30 50
localization 10,000 0.42 0.42 0.42
radius (km) 8,000 0.47 0.47 0.47
6,000 0.46 0.46 0.46
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Figure S1: Representative relationship between temperature, precipitation, and lake status. Temperature (x axis) and

precipitation (y axis) values are plotted from the model prior grid cell nearest to the Owens Lake proxy record located in the US

Southwest. Colors indicate the calculated lake status value corresponding to each climate state. Dark green colors in the top left

indicate high lake status values when temperature is colder and precipitation is higher. All values are plotted as anomalies relative
65 to the 11.7-0 mean.
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Figure S2: Correlation between runoff and P/E values in TraCE. (a-c¢) Pearson’s correlation coefficients between the two variables

70 are plotted for each grid cell. (d-f) Lake status values were also calculated using P/E and runoff as the numerator of the lake status
equation to evaluate the impact of this substitution on the PSM. Correlations were calculated for the entire time series (a,d; 0-21
ka) as well the deglacial (b,e; 21-11.7 ka) and Holocene (c,f; 11.7-0 ka).
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Figure S3: Comparison of lake evaporation methods. Similar to Fig. 4 except that a comparison between lake evaporation and
potential evaporation is shown rather than lake status. (a) lake evaporation values calculated by Lowry and Morrill (2019). (b) is
the potential evaporation values calculated for this study. Both panels a and b show the mean LGM value subtracted by the mean
preindustrial value. (c) r? value for each grid cell using the combined 200 year time series.
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Figure S4: Scatter plot comparing the similarity of lake status PSM calculations. (a) Evaporation values used to create Fig. S3c. (b)
impact of modifications to the lake status equation (y axis) relative to the use of runoff and lake evaporation calculated by Lowry
and Morrill (2019; x axis). These values are also plotted spatially in Fig. 4. The dashed 1:1 line indicates hypothetical perfect
agreement for comparison.
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(@) reconstruction lake status (0.35) (e) reconstruction precipitation (0.46)
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90 Figure S5: Validation statistics for North America. Similar to Fig. 5 but only Pearson’s correlation coefficients for the North
America region are shown. This is the one region with numerous proxy records for both lake status and calibrated precipitation.
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TraCE - lake status
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95  Figure S6: Simulated Last Glacial Maximum anomalies. Same as Fig. 6 except that the values of TraCE (a,d), and HadCM (c,f)
and their differences (b,e) are shown rather than the model prior and DAMP-21ka reconstruction.
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Figure S7: Last Glacial Maximum lake status and temperature anomalies. Similar to figure 6 except that temperature anomalies
are shown in the right-hand column (d-f).
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Figure S8: Scree plot for mean annual precipitation PCA. The percent variance explained for the first 4 PCs for the model prior
(green) and the DAMP-21ka reanalysis (red). PC1 and PC2 explain most of the variance for both datasets and are shown in Fig. 9
(reconstruction) and Fig. S9 (prior).
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Figure S9: PCA of terrestrial annual precipitation using the model prior (21-0 ka). (a,c) The covariance between each grid cell and
PC1 and PC2 is shown for the prior. (b,d) The difference between panels a and ¢ compared to the covariance calculated from the
reconstruction (Fig. 9). () The PC time series are plotted (solid lines) along with the global mean surface temperature (GMST) of
the reconstruction (black) and the precessional forcing (grey; Berger and Loutre, 1991). The time series values are standardized
(z-scores) to allow for plotting on a common y axis.
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Figure S10: Percentage of annual precipitation by season. Values represent the mean seasonal percentage during decades within
120 the last millennium (1 to 0 ka) for the mean of TraCE and HadCM.
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