High resolution projections of cropping season atmospheric evaporative demand in the African Sahel
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Climate data and PET estimates _ — — | _ Study area

Noah 2.7.1 Land Surface Model output from the Global Land Data Assimilation System (GLDAS). Data - | | i Analysis is focused within the Sahel
Is 3-hourly at 0.25 degree spatial resolution. Daily average temperature and daytime total PET are ' : | (LON-20N, 20W -40E) to areas
computed for June-September 2001-10. Anomalies are the deviation from daily means estimated by , : . where similar climate mechanisms

qua(?lratic seasonal_curves. | | | VN ' M_ealf;:agg’:"‘) influence PET. Exploratory analysis
PET is calculated with the physically-based FAO-56 Penman-Monteith equation [3] for reference indicates the advection component
evapotranspiration (ET,). ET, is an ideal form to work with because values refer to the PET from the o Low: 4% (27 term in PM-FAO56) is an

same reference surface and can be directly compared across space/time. PM-FAO56 is the | — - important driver of PET fluctuations.

: . _p : o : ) . international standard for ET_ [4]. r -~ '
Projected warming and limited adaptive capacity in the Sahel necessitate medium-term outlooks with o 14] — e P . The study area is subset to where
' ' ' the advection component variance

high enough confidence and spatial-temporal detail for food security planning. Strong relationships | oo " o | -
37 ' ‘ & I is at least 40% of the radiation

between observed PET and temperature anomalies identify areas of high predictability. A(R, — &) YT ¥ 273.16 *2 (es —eq) Standard Deviation )
ET, High : 75 component (1%t term) variance.

— + .
A[A+y(1 + Ciu,)] A+y(1+ Chu,) '
S ol e .Low.ss June-September total PET (mm) and
trategy Where o . ' ; interannual standard deviation are
We build a predictive statistical model with B e S e e S ol Nl SEIRRINRIRDY S S hown in Figure 2
) ) L srinaE g LIS B “‘“,_,‘:,_,_%E,f:,_; cahelRegion | A = slope of saturation vapor pressure curve (kPa°C~1) at T, Figure 2. June-September Sahel PET, shown In FIGUre 2.
PET and temperature observations. Daily T —— T PR R e ol e R,, = net radiation (M] m~2h~1)
average temperature anomalies are used to - G = soil heat flux density (MJ m~?h™1) Predictive model
: : - = psychrometric constant (kPa °C~1 : : :
predict PET anomalies during the June- ],_;, _prgean ———— temper(ature ) To measure the influence of temperature on PET anomalies at each location we use an ARIMA(1,0,0)
o . a — o . « o
Septembgr rainy season (2001-2910). Thls o u, = wind speed at 2 meters (m s~1) model. This form of regression model corrects for autocorrelated errors anticipated from exploratory
presentation shares results on this topic. A \\.. es = saturation vapor pressure (kPa) at T, analysis. PET anomalies through the growing season exhibit moderate autocorrelation (~1 day lag),
Where this model explains observed daily | Z< g = adiual wapor pressuse{lea paf T likely due to persistence of weather events.
PET variati : : : : _. A = latent heat of vaporization (M] m~4h™1)
variations we will use it to estimate PET _ c —b . . : w
- a = bulk surface resistance and aerodynamic resistance coefficient Jc e .
changes to 2050 given IPCC AR4 1 NG Where y(t) = y t_l + ﬁ X t + 7/ + &
temperature projections. < ,) e ’ @ | \\'@ Equation 1. FAO56-PM hourly reference evapotranspiration equation for a grass reference surface. 3- y(t) is daily PET anomaly (mm)
This strategy side-steps uncertainties of the hourly estimates during R >0 are calculated and summed to daily daytime total ET_(mm day). Soil ais PET autocorrelation coefficient for lag 1

common method of PET projections [2], in — ggsseévations ------- HadCM3 - Echmz; heat flux (G) is calculated as 0.1*R . Surface and aerodynamic resistance is 0.24 [5]. B is slope coefficient for temperature anomaly (mm °C? dayl)

which PET changes are estimated with Source: Capacity building project for adaptation to climate change in the Sahel, CRA / CILSS (to be published) y is intercept term
climate variables all from GCM projections. Figure 1. Annual Sahel rainfall: Observations and GCM simulation. € is model error
Aside from temperature projections GCM Source: Atlas on Regional Integration in West Africa
output is highly uncertain in the Sahel. GCM ECOWAS-SWAC/OECD©2008 - January 2008 Results The model has two predictive components: A first order autocorrelation component and a linear
ability to recreate West African annual regression component (temperature). Parameters are estimated with maximum likelihood method.
rainfall is shown in Figure 1. Separate models are fit to each month to capture intra seasonal variability.
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Background

Atmospheric evaporative demand (potential evapotranspiration, PET) is a measure of the atmospheric
component of the hydrologic system. It is routinely used for monitoring vegetative stress and water
resources. With other atmospheric features unchanged higher temperature increases PET (Clausius-
Clapeyron relation) and plant water requirements. When surface moisture is not able to constrain
sensible heating, positive temperature feedbacks [1] and increased risk of agricultural drought may result.

The goal is to identify how growing season PET may change in the Sahel over the next several decades.

Mapped temperature slope coefficients (Figure 4) show a statistically significant moderate-to-strong

relationship between temperature and PET anomalies across most of the region. The period of greatest Mapped R? values for June, August, and Most of the variance explained by the model is due to
strength (July-September) aligns with regional occupation of the West African summer monsoon. Intense September (Figure 5) show the predictive model ~ the temperature component, as shown by the ratio of
, L , summer insolation and monsoon-driven variations in cloud cover establish a physical link between best explains variance of PET anomalies in the the linear regression component R? to the full ARIMA
Mapped au.toco.rrelatlon coeflelents for June—S.epten.wber (Flgur§ 3), show'a west to east (and S,OUth to temperature and net radiation, leading to positive PET anomalies during hot and dry monsoon phases. Of southern (agricultural) region of the Sahel (R?0.4-  model R? (below).
north).gradlent n autf)correlatlon strength. Th|§ spatial pattern |nd|c§tes influence of the trqplcal particular interest for Sahelian agriculture are pockets of 0.4-0.5 mm °C-! day! coefficient values (green) 0.6). Model fit is generally highest during mid = B = June
Atlantic Oceap on r.eglonal weather patterns. Highly variable convective storms are the dominant source in the southern region of the study area in August, the period of highest crop sensitivity to heat and season (July-August). In southern Sudan and {},.... il - gy
of summer rainfall |n.the south ana west. o , moisture stress. 1°C of warming is associated with a 12-16 mm loss of surface moisture (August total). Eritrea > 60% of PET anomaly variance early in Wy g T ) B
The PET autocorrelation component is statistically significant across much of the region through the the growing season is described by the model. -
growing season with exception of southern areas during the crux of seasonal rains (July and August). '
Most locations exhibit strongest autocorrelation in September. Persistence of PET anomalies are ] “June e
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consistently strong (0.4-0.7) in dry areas of northern Niger, Chad, and Sudan.
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For vast expanses of the western and southern Sahel
during the middle of the growing season temperature
R full ARMA model mEE< (0.2 EEN02-04 BHO0A4-06 . 10.6-0.8 is responsible for 75-100% of the model’s explanatory

— : s Figure 5. Mapped R? values of full ARIMA model for beginning, ~ POWer. In the dry northeast temperature alone is a
ﬂ Y\ middle, and end of growing season (June, August, and September). poor predictor of PET anomalies.
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In theory warming increases PET by enhancing the water holding capacity of the atmosphere. In reality other
| — . ; atmospheric conditions are also important. We have shown strong potential in the Sahel for recent historical
sy~
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; PET estimates (that consider all relevant meteorological variables) to be extended for PET projections through
the next several decades.

—— GLDAS Noah LSM 2.7.1
-=- ¢ Prediction by full ARIMA model ~ 1
~-= I Prediction by temperature regression comp =) ry n

g';'r‘;‘- i v v! | — -l ‘ < . - ° . . . . . 1 1
) Mauritania .‘.-." Nigeria /i We have identified a straightforward predictive model for PET anomalies using temperature as the only
é . L \/]2 o : . . . . . . . o o o
y e - . - £ ) . 4, A independent predictor. This method is ideal because it does not incorporate large uncertainties of climate
e - 3 Regression coefficient (mm °C ~ day ) [l 0.2-0.3 0.4-0.5 0.6-0.7 _ . N _
= _-" L T B o> B 0504 05-06 models and can identify “hot spots” of projected PET change.
' | . Nigeria ] Agricultural areas in the southern Sahel during the crux of the growing season exhibit highest predictability.
e e Gesi T 0202 04-05 06-07 Figure 4. Temperature regression coefficient for June-September, masked for statistical significance “Hot spots” within this region/period are found in areas of Mauritania, Senegal, Mali, Burkina Faso, Niger,
B -0 B 03-04 05-0.6 by t-vaiue < 1.36. Nigeria, Chad, Sudan, and Eritrea.
Figure 3. Autocorrelation coefficient for June-September, masked for statistical significance by t-value < 1.96. e e Further work will explore model residuals to examine the role of humidity and to identify a treatment for over
prediction of large anomalies by the autocorrelation component.
Time series of observed and modeled PET anomalies at selected locations for June (Box A) and July (Box B) Large PET anomalies are difficult to model, as shown by consistent under prediction by the temperature References
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