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The Peten comprises a series of near-
horizontal Cretaceous limestone, largely
breccia. These limestone strata dip slightly
into the Peten Basin. To the north and the
south of Tikal are ranges of hills that mark
the southern margin of basinward dipping
strata, or faults, or both. Elevations range be-
tween 200 and 300 m with a water table that
is at least 100 m below the surface. Surface
EE waters are present to the south ata series of
§ lakes, including Lake Peten Itza.
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, GSA 2012 — Florea - Reservoirs

Detailed topographic data collected at
Tikal and analyzed within ArcGlIS reveal the
contributing watersheds to each of the
three reservoirs near the Central Acropolis
and Great Plaza (Temple Il shown in the
above photo). The geometry and surface
area of these reservoirs and watersheds
form the basis for the hydrologic model. Pre-
vious studies of the watersheds demon-
| strate significant modification by the Maya
to increase runoff efficiency. For example,
clay liners 8-12 cm thick were used as a bar-
rier to infiltration.
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3 - Hidden

Blue - Precipitation Yellow - Overflow  Orange - Groudwater recharge
White - Evapotranspiration Red - Pumping
Green - Overland Flow Black - Seepage
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The linked-reservoir model was translated into Excel using a series
of geometric parameters, hydraulic equations, and linking equations.
Overland flow into the reservair is computed using a combination of
watershed area, runoff efficiency, and precipitation-evapotranspira-
tion, Reservoir seepage is calculated using Darcy’s Law and a mean
water depth, Reservoir surface area was caluclated using a geometric
conversion from water depth.The surface area at each time interval is
used to compute changes in water depth resulting from mass flux,
Minimum surface areas prevent model instability and maximum
depth values trigger overflow, Individual runs were allowed to run for
up to 1,000 iterations or until convergence reached 0.1%
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Runoff efficiency Rth 0.46 % ¢

Liner Thickness b o1m 01m

Hydro Conductivity 0.00000001 K 0.00000001 m/s 0.00000001 m/s *Surface Area s limited to greater than 100 mA2 to prevent model instability.

Surface area @ max D 11,520 sA@maxD 12,721 m\2 SA@maxD 3,780 m"2 *K values are adapted from a layered clay (Bear, 1972)

Max reservoir D AvMaxRD 0m MaxR D am *Starting depth is given as blue shaded area in PNAS 2012 article, potential overflow in Temple Reservoir is directed o recharge in Palace Reservoir

Watershed area 46,454 m"2 25,462 m2 *Runoff is given by daily precip - Evap * Efficiency (Li et al., 2004) *Temple Reservoir has additional spring input of 7.5 I/hr (PNAS 2012)
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Computes slope of reservoir basin using
the surface area at maximum depth.



c D E G H ] K L M N o C Q R s T U v X Y A B AC AD AE A AC AH

Temple Reservolr Palace Reservoir i = Dally average temperature, | = Average daily solar insolation, P = Dally precipitation, H = reservoir depth, SA =reservpir surface area, WP = reservoir wetted perimeter, alpha = Penman's alpha
Shape = cone Shape = depening wedge Shape = half cone tho = water density, HL= Latent heat of fusion, E = Daily evaporation, L= Leakage, L'= Specific eakage, Q.= Pumping rate, Q' = Specific pump rate, R = Surface recharge, R'= Specifc rechage,
Runoff eficiency 046 % Rih Rth 046 % i = Change in reservoir height
Liner Thickness 01m b 01m b 01m
Hydro Conductivity  0.00000001 my/s K 000000001 mys K 0,00000001 m/s *Surface Area s limited to greater than 100 2 to prevent modelinstability.
Surface area @ max D 11,520 m*2 sA@maxD 12721 m2 SA@maxD 3,780 m\2 *Kvalues are adapted from a layered clay (Bear, 1972)
Max reservoir D 94 m AvMaxRD 10m MaxRD am *Starting depth i given as blue shaded area in PNAS 2012 article, potential overflow in Temple Reservoir s directed o recharge in Palace Reservoir
Watershed area 41,290 2 w 46450 m2 w 25,462 m\2 *Runoff s given by daily precip - Evap * Efficiency (Li et a,, 2004) *Temple Reservoir has additional spring input of 7.5 I/hr (PNAS 2012)
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Computed water level, surface
omputes new WL area, and wetted perimeter

A=IF(H+AM<0,0,IF(H+AM>$D$8,$D$8,H+AM))
|I=IF (Pi*((H/TAN(($D$10*Pi)/180))*2)<100,100,Pi*((H/TAN(($D$10*Pi)/180))*2))
J=2*(K/SIN($H$10*Pi/180))*240

omputes new SA A“KﬂF(K+AN<0,0,IF(K+AN>$H$8,$H$8,K+AN))

L=IF(((K/ITAN(($H$10*Pi)/180)))*240<100,100,((K/TAN(($H$10*Pi)/180)))*240)
«,‘I\/I:Z*(K/SIN($H$10*Pi/‘|80))*240
N=IF(N+A0<0,0,IF(N+AO>$L$8,$L$8,N+A0))
O=IF(((Pi*((N/TAN(($L$10*Pi)/180))22))/2)< 100,100, (Pi*((N/TAN(($L$10*Pi)/180))*2))/2)
omputes new WP P=Pi*((N)/TAN(($L$10*Pi)/180))*((N)/SIN(($L$10*Pi)/180))/2+(N*SIN($L$10*Pi)/180)*N



[ shae=cone | Shape=depening wedge | sShape-halfcone |
Runoff efficiency 026 % 0.46 % 026 %
Liner Thickness 01m o1m 01m
Hydro Conductivity 0.00000001 m/s 0.00000001 m/s 0.00000001 m/s *Surface Area s limited to greater than 100 mA2 to prevent model instability.
Surface area @ max D 11,520 m2 SA @ max D 3,780 m2 *K values are adapted from a layered clay (Bear, 1972)
Max reservoir D 0 MaxR D am *Starting depth is given as blue shaded area in PNAS 2012 article, potential overflow in Temple Reservoir is directed o recharge in Palace Reservoir
Watershed area 25,462 m2 *Runoff is given by daily precip - Evap * Efficiency (Li et al., 2004) *Temple Reservoir has additional spring input of 7.5 I/hr (PNAS 2012)
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Runoff efficiency Rth 0.46 %
Liner Thickness b [ oim

Hydro Conductivity 0.00000001 K 0.00000001 m/s 0.00000001 m/s *Surface Area s limited to greater than 100 mA2 to prevent model instability.
Surface area @ max D 11,520 sA@maxD 12,721 m\2 SA@maxD 3,780 m"2 *K values are adapted from a layered clay (Bear, 1972)

Max reservoir D 94 AvMaxRD 0 m MaxR D

oir wetted perimeter, alpha = Penman's alpha

urf

*Starting depth is given as blue shaded area in PNAS 2012 article, potential overflow in Temple Reservoir is directed {o recharge in Palace Reservoir

1
Watershed area 41,204 46,454 m~2 25,462 mA2 *Runoffis given by daily precip - Evap * Efficlency (Li et al,, 2004) *Temple Reservoir has additional spring Input of 7.5 I/hr (PNAS 2012)
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averag solar insola ce area, W oir wetted perimeter, alpha = Penman's alpha
[ shae=cone | shape-depeningwedge T  Shape-hafcone o 2 u aily e kage, L ¥ c urf e, R' =S, e

Runoff efficiency Rth 0.46 % ¢

Liner Thickness b o1m 01m

Hydro Conductivity 0.00000001 K 0.00000001 m/s 0.00000001 m/s *Surface Area s limited to greater than 100 mA2 to prevent model instability.

Surface area @ max D 11,520 sA@maxD 12,721 m\2 SA@maxD 3,780 m"2 *K values are adapted from a layered clay (Bear, 1972)

Max reservoir D 94 AvMaxRD 0m MaxR D am *Starting depth is given as blue shaded area in PNAS 2012 article, potential overflow in Temple Reservoir is directed o recharge in Palace Reservoir

Watershed area 41,294 46,454 m"2 25,462 m2 *Runoff is given by daily precip - Evap * Efficiency (Li et al., 2004) *Temple Reservoir has additional spring input of 7.5 I/hr (PNAS 2012)

Number of dependants L ndant per day
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Reservoir Water Level - Communication Between Reservoirs
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The modeled water levels reveal an interesting trend
for the available climate years, water levels in the
reservoir end lower than they began.

This trend is even visible using thicker liners with
lower conductivity and high values of runoff efficiency.

These trends are also visible in both El Nino (2007,
2009) years with lower precipitation and greater
evaporation and La Nina (2008, 2010) years with
greater precipitation and lower evaporation.
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The results pose an interesting divergence from

recent publications (e.q., Scarborough et al, 2012;
Gallopin, 1990) that present data to support water-
filled reservoirs with overflow utilized for irrigation.

Results in this model are more suggestive of hydrated
wetlands with periods of desiccation during the dry
season and highly variable water depths during the
wet season.

This second notion is more in line with Jaccob (1995)
who argues that the reservoirs were in fact “marshy
areas of perennial wetness.”
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If correct, this model suggests a few possible climate
implications:

1) Annual precipitation may have been, on average,
greater that modern available data during the Classic
Maya period. If, for example, annual rainfall were to
meet or exceed the level of the 2008 and 2010 La
Nina years, water levels would remain elevated,
particularly in the Temple and Palace Reservoirs.
Significantly more precipitation could induce
occasional overflow.

Interestingly Gallopin (1990) assumes an
150 cm/yr in his conceptual model.
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2) A modest reduction in annual precipitation (~20%)
over an multi-year period, largely from a reduced
number of tropical cyclones, could result in long-
periods of limited reservoir hydration and therefore
significant stress upon domestic and agricultural water
use.

This second possibility has been long suspect in
the collapse of the Classic Maya at Tikal and
elsewhere with recent supporting data from
stable isotopes (e.qg., Medina-Elizalde and
Rohling, 2012).
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Finally, these results imply the need for more detailed
numerical modeling.

While an interesting exercise, we have reached
the limits of a simple spreadsheet-based model.
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