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cial period were given a maximum desiccation interval of 103. 
Other lakes that we could not obtain data for were given the 
value of ≥103, as this is an intermediate value.

3. Results

Figure 4 plots A′–Φ curves for different w-values and data 
for all considered lakes. The line marked, w = 2.5, approximates 
highly vegetated forest conditions, or finer soil texture, while 
the line marked, w = 0.1, approximates sparse to bare vegeta-
tion (Wang et al., 2009). We refer to these upper and lower end 
member lines as representing the threshold envelope for which 
lakes are most sensitive to land cover changes. The steady-state 
condition for an individual lake is heavily dependent upon the 
basin land cover, thus for individual lakes it may be impor-
tant to consider a smaller, land cover specific, envelope rather 
than the entire range between spare vegetation and forest lines. 
However, since we discuss the plotting position of lakes in rela-
tion to their desiccation intervals, we have not further examined 
the land cover condition of each lake individually.

As climate gets drier, there is a clear decrease in the des-
iccation interval of the lakes. In Figure 4, the majority of the 
lakes that have long desiccation intervals (referred to as per-
manent lakes with respect to the current climate) tend to plot 
either in the Φ ≤ 2 region, or above the forest land cover line. 
Under the current climate, the permanent existence of these 
lakes is arguably not sensitive to their land cover conditions. A 
land cover change from forest to grass or vice versa would not 
lead to desiccation of the lakes classified as permanent.

Lakes that have short desiccation intervals (referred to as 
ephemeral lakes) tend to plot below the sparse vegetation 
curve. All of the lakes that show annual dry-ups plot in this por-
tion of the lake classification domain. These lake data plotting 
positions are consistent with the lake classification regions de-
fined by the conceptual model and the lake domains denoted in  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. We suggest that the farther away a lake plots from the 
limits of the land cover-sensitive envelope (higher or lower A′),  
the more likely that other factors, such as local topography 
and hydrologic conditions, gain importance in lake dynamics. 
Many of these lake data plotting positions are consistent with 
the steady-state conditions of the conceptual model and the lake 
domains denoted in Figure 2a. However, some lakes deviate 
from these trends, which will be discussed below.

Prior knowledge of lake conditions in comparison to 
whether a lake plots in the permanent, land change sensitive, 
or ephemeral domain is useful in identifying possible controls 
on the hydrological conditions for a given lake. Based on the 
steady-state A′ − Φ curves and lake plotting positions, we in-
terpret that certain lakes are more sensitive to climatic pertur-
bations than others. For example, a lake that plots significantly 
below the land change sensitive envelope would require a 
larger increase in precipitation relative to evapotranspiration 
(i.e. decreases in Φ) to prevent the lake from desiccating.

The Australian saltpan lakes (Buchanan, Gaililee, Gardiner, 
and Frome) and American southwestern lakes would require 
a substantial change in climate to become permanent (see Fig-
ure 4 caption to distinguish lake symbols). Conversely, a lake 
that plots only slightly below the sparse vegetation line would 
require only a small increase in precipitation to change from a 
basin that is losing water to a permanent lake. Thus, the salt-
pan lakes of Australia and ephemeral lakes of southwestern 
US have a higher probability of desiccating than many other 
lakes, as shown in Figure 4, resulting from both the high po-
tential evapotranspiration and lack of a sufficiently large ba-
sin to compensate for evaporative losses. In the figure, lakes 
tend to group by desiccation interval (as indicated by the pa-
leorecords), suggesting the large-scale importance of climate 
relative to local factors.

4. Discussion

Of the 171 lakes included within the study, lakes that 
plot within each category are: 125 permanent, 14 land cover 
change-sensitive, 28 ephemeral, and four that plot at the 
boundary of the sensitive to change envelope. In the A′–Φ do-
main presented in Figure 4, in agreement with the conceptual 
model, the majority of the lakes with annual desiccation inter-
vals plot within the ephemeral region of the domain, while a 
significant number of the lakes that exhibit infrequent desicca-
tion plot within the permanent region. However, several data 
points do not plot within the expected model domain.

Some of the lakes that desiccate infrequently plot within the 
ephemeral domain, while some ephemeral lakes plot within 
the land change sensitive domain (Figure 2). According to the 
conceptual model, lakes that plot within the threshold enve-
lope are mainly dominated by surface water inflows and may 
be considered to be in steady-state with climate. The lakes that 
do not fall within this envelope are not in steady-state con-
ditions and may be gaining or losing volume. Alternatively, 
these lakes may be in steady state conditions, but their wa-
ter balance is affected by other water fluxes, that are not ac-
counted for in the conceptual model, such as groundwater 
fluxes or anthropogenic influences. In general, lakes that de-
viate from model predictions can be used to evaluate whether 
critical model assumptions are violated and thus whether hy-
drologic controls not included in the conceptual model are im-
portant in affecting lake-level dynamics. In the following para-
graphs, we provide some examples.

Lake Turkana, which is one of the world’s largest permanent 
and alkaline desert lakes, plots within the ephemeral lake re-
gion. It is likely that Lake Turkana violates the second assump-
tion of uniform climate across the lake basin region. The main 
water source for Lake Turkana, the Omo River, flows 620 miles 
before reaching the lake, and originates in much wetter regions 

Figure 4. Lakes plotted on the A′–Φ domain along with Equation (9) 
for a range of climates. The solid lines illustrate the effect of land 
cover for the two end-member vegetative possibilities, dense forest 
(w = 2.0) and sparse vegetation (w = 0.1). The dashed lines plot pre-
dicted A′ as a function of Φ threshold values that result from differ-
ent basin vegetative cover (w-values). The gray box represents the 
range of A′–Φ values for ELA and LTER lakes. The gray oval encom-
passes several southwestern US lakes. Labeled lakes are discussed 
in the paper. The number labels correspond to the following lakes: 
(1) Baikal, (2) Crater, (3) Crevice, (4) Foy, (5) George, (6) Keilambete, 
(7) Malawi, (8) Qinghai, (9) Titicaca, and (10) Windermere. The lakes 
are grouped by potential desiccation time. Lakes that desiccate fre-
quently tend to plot far below the A′–Φ thresholds, while lakes that 
never/rarely desiccate plot above of the threshold lines. Theoreti-
cally, lakes that plot within the envelope would be the most sensi-
tive to land-use change.
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a large influence on surface water hydrology and lake level. 
As our conceptual model identifies the impact of climate stress 
on lake hydrology, it may be used for both lake water manage-
ment purposes, as well as examining the potential impacts of 
future climates on lake level trends.
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Lake Lat Long SA 
(km2)  

 CA 
(km2)  

Precip(
mm)  

 Evap 
(mm)   

Africa       

Abiyata   7°30'N   38°30'E  203 10740 552 1653 

Malawi   13°30'S   34°00'E  6400 6593 1350 1700 

Massoko   9°20'S   33°45'E  0.4 0.5 1300 500 

Rukwa   8°00'S   32°25'E  4000 78200 995 2000 

Tanganyika   10°00' S   30°00' E  32600 197400 1302 1251 

Victoria   1°25'S   33°10'E  68800 184000 1780 1591 

Langano   7°37'N   38°42'E  230 2000 770 1921 

Modern 
Chad∗   

 13°00'N    14°00'E  25000 250000
0 

500 1297 

Paleolake 
Chad  

 13°0'N    14°0'E  350000 250000
0 

391 1297 

Shala   7°28'N   38°31'E  370 2300 627 2110 

Turkana   3°03'N    36°01'E  6750 130860 250 2335 

Ziway   8°00'N   38°49'E  440 7380 734 2022 

Asia       

Ahung Co   31°20'N   92°5'E  3.6 100 430 760 

Aral   45°00' N   60°00' E  66500 100646
0 

200 1317 

Baikal   53°30'N    108°10'E  31500 557000 677 1321 

Balkhash   46°32'N    74°52'E  16434 521000 187 1141 

Ba Be   22°02'N  105°04'E  4.5 454 1445 1354 

Dal   34°02'N   75°04'E  21 316 655 957 

Dong-hu   30°03'N   114°02'E  28 97 1450 1037 



 

 

Lake Lat Long SA 
(km2)  

 CA 
(km2)  

Precip(
mm)  

 Evap 
(mm)   

Issuk-kul   42°30'N    77°30'E  6236 28127 258 984 

Phewa   28°01'N   83°05'E  5 110 1556 1151 

Qinghai   37°00' N   100°00' E  4304 29691 378 1459 

Australia       

Buchanan   21°38’S   145°52'E  115 3110 227 3000 

Eyre   28°30'S   137°20'E  9790 131600
0 

500 1297 

Frome   30°37'S   139°52'E  2550 24500 232 1300 

Gaililee   22°19'S   145°50'E  260 500 360 3000 

Gairdner   34°57' S   118°08'E  4520 11180 350 1900 

George   35°4'S   149°25'E  150 906 600 1050 

Gregory   25°38'S    119°58'E  387 33160 300 1669 

Keilambete   38°12'S   142°52'E  2.7 4.1 400 900 

Torrens   31°02'S    137°51'E  5640 27000 186 1500 

Tyrrell   35°21'S    142°50'E  155 647 323 890 

Woods   17°43'S   139°30'E  423 25300 302 1600 

Europe       

Amara   45°13'N   27°17'E  1.5 47 429 836 

Balta Alba   45°02'N   27°02'E  11.0 91.6 429 836 

Banyoles   42°08'N   2°45'E  1.1 11.4 804 937 

Bassenthwait
he  

 54°39'N   3°13'W  5.3 237 1300 500 

Blelham Tarn   54°24'N   2°59' W  0.1 4 1918 500 



 

 

Lake Lat Long SA 
(km2)  

 CA 
(km2)  

Precip(
mm)  

 Evap 
(mm)   

Chervonoje   52°2'N   27°5'E  40.0 353 656 663 

Esthwaite 
Water  

 54°21'N   2°58'W  1.0 17 1912 500 

Grasmere   49°04'N   1°15'W  0.6 28 2553 500 

Karujarv   58°23'N   22°13'E  3.3 16.1 238 235 

Kirjaku∗    59°15'N   27°35'E  0.2 30.8 238 235 

Lake Bysjon   55°40'N   13°32'E  0.2 0.9 587 619 

Loch Shiel   56°05'N   5°04'W  20.0 234 1300 500 

Vijandi   58°20'N   25°35'E  1.6 66.8 238 235 

Windermere 
(NB)  

 54°21'N    2°56'W  8.1 198 1300 500 

Windermere 
(SB)  

 54°21'N    2°56'W  6.7 32 1300 500 

North 
America 

      

Crater   42°56'N   122°06'W  53.2 67.8 1692 1270 

Crevice   47°52'N   113°39'W  0.1 0.2 356 1100 

Foy   48°5'N   114°15'W  0.9 13.6 406 1100 

Great Salt   40°42'N   112°23'W  4400 89000 419 1349 

Mono   38°0'N    119°0'W  227 1800 355 1981 

Morrison   44°36'N   113°02'W  0.1 2 406 1100 

Pyramid   40° N   119°30'W  430 2620 500 1300 

Reservoir   45°07'N   113°27'W  0.2 2.8 381 1100 



 

 

Lake Lat Long SA 
(km2)  

 CA 
(km2)  

Precip(
mm)  

 Evap 
(mm)   

Sammamish   47°33'N   122°03'W  19.8 255 800 818 

Washington   47°37'N   122°15'W  87.6 1274 799 1234 

Yellowstone   44°30'N   115°30'W  360 7100 516 973 

Southwest                     

Animas   32°28'N   108°54'W  374 5670 250 1840 

Cloverdale   31°00' N   108°00' W  102 460 410 1780 

Encino   34°00' N   105°00' W  96 620 350 1370 

Estancia   34°45'N   106°03'W  1125 5050 310 1270 

Goodsight   32°19'N   108°45'W  65 590 250 1830 

Otero   32°32'N   105°46'W  745 126000 250 1660 

Pinos Well   34°27'N   105°38'W  82 560 360 1320 

Playas   31°50'N   108°34'W  49 1120 270 1900 

Sacramento   32°45'N   105°46'W  86 780 250 1650 

San Agustin   33°52'N   108°15'W  786 3880 290 1150 

Trinity   33°40'N   106°28'W  207 4240 250 1590 

LTER       

Allequash   46°02'N   89°37'W  1.7 6.3 800 1000 

Arrowhead   45°54'N   89°41'W  0.4 2.4 800 1000 

Beaver   46°12'N   89°35'W  0.3 4.6 800 1000 



 

 

Lake Lat Long SA 
(km2)  

 CA 
(km2)  

Precip(
mm)  

 Evap 
(mm)   

Big   46°09'N   89°46'W  3.3 10.4 800 1000 

Big Crooked   46°02'N   89°51'W  2.7 6.0 800 1000 

Big Gibson   46°08'N   89°33'W  0.5 1.1 800 1000 

Big 
Muskellunge  

 46°01'N   89°36'W  3.6 7.8 800 1000 

Boulder   45°08'N   88°38'W  2.2 14.3 800 1000 

Brandy   45°54'N   89°42'W  0.4 1.0 800 1000 

Crampton   46°12'N   89°28'W  0.3 0.7 800 1000 

Crystal   46°00'N   89°36'W  0.4 1.8 800 1000 

Diamond   46°02'N   89°42'W  0.5 1.2 800 1000 

Flora   46°10'N   89°39'W  0.4 2.2 800 1000 

Heart   46°05'N   89°16'W  0.1 0.5 800 1000 

Ike Walton   46°02'N   89°48'W  5.7 13.2 800 1000 

Island   46°06'N   89°47'W  3.6 12.5 800 1000 

Johnson   46°08'N   89°31'W  0.3 1.7 800 1000 

Katherine   45°48'N   89°42'W  2.1 6.6 800 1000 

Kathleen   45°14'N   88°38'W  0.1 0.3 800 1000 

Katinka   46°12'N   89°47'W  0.7 1.6 800 1000 

Lehto   46°01'N   90°02'W  0.3 7.4 800 1000 

Little 
Crooked  

 46°08'N   89°41'W  0.6 3.2 800 1000 

Little Spider   45°58'N   89°42'W  0.9 2.1 800 1000 

Little 
Sugarbush  

 46°01'N   89°51'W  0.2 0.8 800 1000 



 

 

Lake Lat Long SA 
(km2)  

 CA 
(km2)  

Precip(
mm)  

 Evap 
(mm)   

Little Trout   46°04'N   89°51'W  4.1 7.6 800 1000 

Lower 
Kaubeshine  

 45°48'N   89°44'W  0.8 2.8 800 1000 

Lynx   45°56'N   89°13'W  1.2 2.8 800 1000 

McCullough   46°11'N   89°34'W  0.9 3.3 800 1000 

Mid   45°51'N   89°39'W  1.0 2.7 800 1000 

Minocqua   45°52'N   89°41'W  8.1 11.7 800 1000 

Muskesin   46°01'N   89°54'W  0.5 1.3 800 1000 

Nixon   46°05'N   89°33'W  0.5 9.6 800 1000 

Partridge   46°04'N   89°30'W  1.0 3.3 800 1000 

Randall   46°01'N   90°01'W  0.5 4.3 800 1000 

Round   46°10'N   89°42'W  0.7 5.7 800 1000 

Sanford   46°10'N   89°41'W  0.4 1.5 800 1000 

Sparkling   46°00'N   89°41'W  0.6 1.1 800 1000 

Statenaker   45°58'N   89°46'W  0.8 1.9 800 1000 

Stearns   45°59'N   89°48'W  1.0 2.0 800 1000 

Tomahawk   45°49'N   89°39'W  15.0 25.4 800 1000 

Trout   46°02'N 89°40'W  15.7 23.6 800 1000 

Upper 
Kaubeshine  

 45°47'N   89°44'W  0.7 2.1 800 1000 

White Birch   45°39'N   91°09'W  0.5 1.0 800 1000 

White Sand   46°05'N   89°35'W  3.0 5.5 800 1000 

Wild Rice∗    46°03'N   89°47'W  1.5 153.1 800 1000 

Wildcat   46°10'N   89°37'W  1.4 4.1 800 1000 



 

 

Lake Lat Long SA 
(km2)  

 CA 
(km2)  

Precip(
mm)  

 Evap 
(mm)   

ELA       

93  49°40'N   93°43'W  5.5 60 684 525 

106  49°40'N   93°43'W  3.7 121 684 525 

109  49°40'N   93°43'W  14.9 42 684 525 

110  49°40'N   93°43'W  5.3 34 684 525 

111  49°40'N   93°43'W  9.6 339 684 525 

114  49°40'N   93°43'W  12.1 58 684 525 

115  49°40'N   93°43'W  6.5 119 684 525 

149  49°40'N   93°43'W  26.9 94 684 525 

164∗    49°40'N   93°43'W  20.3 4984 684 525 

165∗    49°40'N   93°43'W  18.4 4802 684 525 

191  49°40'N   93°43'W  19.4 338 684 525 

220  49°40'N   93°43'W  1.6 20 684 525 

221  49°40'N   93°43'W  9 82 684 525 

222  49°40'N   93°43'W  16.4 204 684 525 

223  49°40'N   93°43'W  27.3 260 684 525 

224  49°40'N   93°43'W  25.9 98 684 525 

225  49°40'N   93°43'W  4 31 684 525 

226  49°40'N   93°43'W  16.1 97 684 525 

227  49°40'N   93°43'W  5 34 684 525 

239  49°40'N   93°43'W  56.1 391 684 525 

240  49°40'N   93°43'W  44.1 720 684 525 

260  49°40'N   93°43'W  34 166 684 525 



 

 

Lake Lat Long SA 
(km2)  

 CA 
(km2)  

Precip(
mm)  

 Evap 
(mm)   

261  49°40'N   93°43'W  5.6 42 684 525 

262  49°40'N   93°43'W  84.2 1230 684 525 

265  49°40'N   93°43'W  13.1 71 684 525 

302  49°40'N   93°43'W  23.7 103 684 525 

303  49°40'N   93°43'W  9.5 54 684 525 

304  49°40'N   93°43'W  3.4 26 684 525 

305  49°40'N   93°43'W  52 237 684 525 

309∗    49°40'N   93°43'W  2.6 560 684 525 

310  49°40'N   93°43'W  49.7 539 684 525 

373  49°40'N   93°43'W  27.6 83 684 525 

375  49°40'N   93°43'W  18.9 231 684 525 

377  49°40'N   93°43'W  26.7 2030 684 525 

378  49°40'N   93°43'W  24.3 136 684 525 

382  49°40'N   93°43'W  36.9 205 684 525 

383  49°40'N   93°43'W  5.6 40 684 525 

385  49°40'N   93°43'W  24.9 102 684 525 

421  49°40'N   93°43'W  17 51 684 525 

428  49°40'N   93°43'W  6 44 684 525 

442  49°40'N   93°43'W  15.2 184 684 525 

470  49°40'N   93°43'W  5.7 168 684 525 

622  49°40'N   93°43'W  38.6 419 684 525 

623  49°40'N   93°43'W  36 651 684 525 

624  49°40'N   93°43'W  2 753 684 525 

626∗    49°40'N   93°43'W  27.9 388 684 525 



 

 

Lake Lat Long SA 
(km2)  

 CA 
(km2)  

Precip(
mm)  

 Evap 
(mm)   

629  49°40'N   93°43'W  35.5 348 684 525 

658  49°40'N   93°43'W  63.1 125 684 525 

South 
America 

      

Amatitlan   14°08'N   90°06'W  15.2 368 1124 1150 

Chapala   20°01'N   103°06'W  1112 52500 893 1601 

Laguna de 
Rocha  

 34°04'S   54°01'W  72 1312 1073 1058 

Paleo Tauca 
1  

 13°28'S   72°02'W  22700 73500 600 1494 

Poopo   18°33'S   67°05'W  1000 27700 250 1494 

Paleo Tauca 
2  

 13°28'S   72°02'W  20300 73500 310 1494 

Titicaca   15°50'S    69°20'W  285006 580000 737 1270 

 
 


