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Supplementary Table:

Table S1. In each sub sections (LVB and LKB) of the table below, mean annual
(2003-2012) amplitudes (first row) and variance (second row) in bottom-up ATWS (time-
series variance in LVB: 120 cm” and LKB: 24 cm?) explained in linear regression (R’) by
individual signals (third row) such as various GRACE-derived ATWS, simulated ASMS, in
situ ASWS and in situ AGWS in both and the relative proportion of variability (fourth row) in
bottom-up ATWS as explained by ASMS, ASWS and AGWS.

Lake Victoria Basin (LVB)
GRACE GRGS JPL-
Ensemble ATWS MASCON ASMS ASWS AGWS
ATWS ATWS
11.7 cm 20.6 cm 27.3 cm 7.9 cm 14.8 cm 29 cm
23.5 cm’ 92.6 cm’ 136.9 cm® 10.4 cm® 62.8 cm’ 1.5 cm’
75% 90% 83% 54% 92% 54%
- - - 6.5% 92.6% 0.66%
Lake Kyoga Basin (LKB)
8.cm 16.2 cm 16.5 cm 7.3 cm 3.8 cm 2.9 cm
11.2 cm® 58.3 cm’ 47.8 cm® 7.4 cm? 4.5 cm’ 2.1 cm?
62% 56% 57% 62% 48% 76%
- - - 48.5% 47.9% 3.6%




Supplementary Figures:
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Figure S1. The general outline of Lake Victoria Basin (LVB) and Lake Kyoga Basin (LKB)
within the Upper Nile Basin and the gridded (1° x 1°) scaling coefficients for GRCTellus

solutions derived from CLM4.0 land surface model (Landerer and Swenson, 2012).
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Figure S2. The general outline of Lake Victoria Basin (LVB) and Lake Kyoga Basin (LKB)
within the Upper Nile Basin and the gridded (0.5° x 0.5°) scaling coefficients for JPL-
Mascons derived from CLM4.0 land surface model (Wiese et al., 2016).
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Figure S3. Observed groundwater-level monitoring records (January 2003 to December
2012) at 6 monitoring boreholes: Entebbe, Rakai and Nkokonjeru from Late Victoria Basin

(LVB) and Apac, Palissa and Soroti from Lake Kyoga Basin (LKB).
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Figure S4. Time-series records of various GRACE ATWS solutions, sum of in-situ ASWS
and ensemble mean of ASMS signals and in-situ AGWS for Lake Victoria Basin. The graph
illustrates that combined signals of ASWS+ASMS clearly exceed GRACE ATWS anomalies
(positive and negative sides of the y-axis) in several monthly instances over the period of

2003 to 2012.
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Figure SS5. Pearson correlation coefficients among the time-series variables collated over the
Lake Victoria Basin for the period of 2003 to 2012. Statistically significant correlated
variables are marked with asterisks where the significance asterisks represent p-values < 0.05
(1 asterisk), <0.01 (2 asterisks) and <0.001 (3 asterisks). Histograms with kernel density
overlays and bivariate scatterplots of variables are shown. The fitted curve lines in bivariate

scatterplots represent locally-weighted polynomial regression (i.e., Lowess) lines.
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0.91 0.96| 0% |0.95|0.81|0.89|0.86 -
- 0.92| o» [0.98]0.75|0.97|0.82
fm&& o2 |0.96] 0.73 | 0.93]0.88

15

M Rain - % %N
0.24 0.67 0067 0.16

%A * kN * &N

/—fﬁ‘ 0.75 | 0.98 | 0.89

20

-30

v o7%osBod
////Fﬂ’ 0.63 | 052
ISVl i 0

U R I TT T 111 L L
=10 -20 10 40 -30 0 20 -20 0

0
[

DU NS

-20

Figure S6. Pearson correlation coefficients among the time-series variables collated over the
Lake Victoria Basin for the period of 2003 to 2006. Statistically significant correlated
variables are marked with asterisks where the significance asterisks represent p-values < 0.05
(1 asterisk), <0.01 (2 asterisks) and <0.001 (3 asterisks). Histograms with kernel density
overlays and bivariate scatterplots of variables are shown. The fitted curve lines in bivariate

scatterplots represent locally-weighted polynomial regression (i.e., Lowess) lines.



Correlation matrix; 2007-2012
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Figure S7. Pearson correlation coefficients among the time-series variables collated over the
Lake Victoria Basin for the period of 2007 to 2012. Statistically significant correlated
variables are marked with asterisks where the significance asterisks represent p-values < 0.05
(1 asterisk), <0.01 (2 asterisks) and <0.001 (3 asterisks). Histograms with kernel density
overlays and bivariate scatterplots of variables are shown. The fitted curve lines in bivariate

scatterplots represent locally-weighted polynomial regression (i.e., Lowess) lines.
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Figure S8. Pearson correlation coefficients among the time-series variables collated over the
Lake Kyoga Basin for the period of 2003 to 2012. Statistically significant correlated variables
are marked with asterisks where the significance asterisks represent p-values < 0.05 (1
asterisk), <0.01 (2 asterisks) and <0.001 (3 asterisks). Histograms with kernel density
overlays and bivariate scatterplots of variables are shown. The fitted curve lines in bivariate

scatterplots represent locally-weighted polynomial regression (i.e., Lowess) lines.
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Correlation matrix;: 2003-2006
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Figure S9. Pearson correlation coefficients among the time-series variables collated over the
Lake Kyoga Basin for the period of 2003 to 2006. Statistically significant correlated variables
are marked with asterisks where the significance asterisks represent p-values < 0.05 (1
asterisk), <0.01 (2 asterisks) and <0.001 (3 asterisks). Histograms with kernel density
overlays and bivariate scatterplots of variables are shown. The fitted curve lines in bivariate

scatterplots represent locally-weighted polynomial regression (i.e., Lowess) lines.
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Correlation matrix; 2007-2012

=10 0 10 -10 0 5 -4 0 4 =3 -1 1
L1111 L1 1 1 1 L1111 I |

Ensemble * kK * kK * %K **X * kK * kK * %K

0.66 | 0.88| 055 | 0.78 | 0.77 | 0.60 | 0.67

=
==

15

* %N * %N * %K %k A * %N * &N

0.81| 045 | 0.80 | 0.78 | 0.64 | 0.71

ON TWS % kA * kA * %N * KA kK
051 {0.85/0.84| 061 | 0.73

%K *%

0.66 0.16 0.32

HokeR
0.51

Ptk rwes *k . xR
fﬁx‘ 0.89) 0.72 | 0.90 | -
derble Kok A *kK

0.47 | 0.68
FHRWS * %N
0.74
// &,‘i‘ _ N

5
L1111

-10

-5 5 15

10

0
L1111

-10

T
5

RSN
TN

-4

T T
0

-3 -1

Figure S10. Pearson correlation coefficients among the time-series variables collated over
the Lake Kyoga Basin for the period of 2007 to 2012. Statistically significant correlated
variables are marked with asterisks where the significance asterisks represent p-values < 0.05
(1 asterisk), <0.01 (2 asterisks) and <0.001 (3 asterisks). Histograms with kernel density
overlays and bivariate scatterplots of variables are shown. The fitted curve lines in bivariate

scatterplots represent locally-weighted polynomial regression (i.e., Lowess) lines.
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Figure S11. Time-series records of various GRACE ATWS signals, in-situ ATWS, in-situ
ASWS, simulated ASMS and in-situ AGWS in LVB and linear trends (red line) for the period
of 2003 to 2006. Figure (blue) on top of each panel indicates the estimated storage change in

km°.
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Figure S12. Time-series records of various GRACE ATWS signals, in-situ ATWS, in-situ
ASWS, simulated ASMS and in-situ AGWS in VNB and linear trends (red line) for the period
of 2003 to 2006. Figure (blue) on top of each panel indicates the estimated storage change in

km®.
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Figure S13. Results of scaling experiments on GRCTellus GRACE and in situ ATWS over
LVB. Panel (a) shows the comparison between GRCTellus GRACE-derived ATWS and
bottom-up ATWS where a scaled down (scaling factor of 0.77 bottom-up ATWS-1; scaling
factor of 0.11 bottom-up ATWS-2) ASWS signal is applied; on bottom panel (b) shows
comparison between GRCTellus GRACE-derived ATWS and bottom-up ATWS where the
GRACE-ATWS signal is scaled up by a factor of 1.7 based on the lowest RMSE of 5.76 cm
with the bottom-up ATWS.
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Figure S14. Estimates of in sitt AGWS and GRACE-derived AGWS time-series records
(2003-2012) in LKB show a substantial variations among themselves. No scaling
experiments were applied for LKB in the disaggregation of AGWS using GRCTellus
(ensemble mean of CSR, GFZ, and JPL) and JPL-Mascons GRACE products.
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Figure S15. Simulated terrestrial water storage anomaly from 10 LSMs for the Lake Victoria
Basin. Note that not all LSMs simulate groundwater storage; for example, latest versions of

the Community Land Model (CLM4.0 and 4.5) simulate groundwater storage.
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